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read KAOLINS.
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LETTER OF TRANSMITTAL

GEOLOGICAL SURVEY OF GEORGIA,
ArLanTa, February 5, 1909.

To His Excellency, Hoke Smits, Governor and President of
the Advisory Board of the Geological Survey of Georgia.

Sie: I have the honor to transmit herewith for publica-
tion the report of Mr. Otto Veatch, Assistant State Geologist,
“on the Clay Deposits of Georgia. This report is the second
report published by the State Geological Survey on this sub-
ject. The first report, published in 1898, was confined entirely
to the Cretaceous- clays along the Fall Line, whereas this
report includes not only the Fall Line clays, but also the clays
of all parts of the State. The large amount of valuable
information brought together in this report will be, no doubt,
of great value, not only to the clay prospectors, but will also
be the means of calling the attention of clay manufacturers
to our high grade kaolins and fire clays which occur in great
abundance. '

Very respectfully yours,
S. W. McCavLLig,
State Geologist.
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PREFACE

The following is the second report on clays issued by
the Geological Survey of Georgia. A report was issued in
1898 by Dr. Geo. E. Ladd on a part of the clays of the
.State; this report was .concerned only with the clays along
the Fall Line, and it was then the intention of Prof. W. S.
Yeates, late State Geologist, to publish a second bulletin
covering the entire State. This work was entrusted to me
and the accompanying report is submitted as the result of my
labors. Since the publicaion of Dr. Ladd’s report, much
development work has been done and new uses for the clays
have been discovered, and it was thought best to re-survey
the region covered by him. Many inquiries concerning the -
clays of the State have been received by the Geological Depart-
ment, both from citizens of the State and investors from
other States and it is hoped that the present report will sup-
ply these demands for information.

The field work of the report was done by the author, and
all of the principal clay localities and plants manufacturing
clay products in the State were visited in person. The time
consumed by this work was much more than was anticipated
in the beginning. In addition to the description of known
clay localities, much purely geological work and exploratory
work was done. As a result of my geological work a map
of the Cretaceous formations of Georgia is presented. But
little geological information has hitherto been published con-
cerning the Cretaceous in western Georgia, and the forma-
tion had not been subdivided and mapped.

The physical tests accompanying the report are, with the
exception of those on specific gravity, the work of the author.
It is regretted, that they could not be made more completé,
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but neither the time nor the laboratory equipment was avail-
able. The excellent chemical analyses in the report were
- made by Dr. Edgar Everhart, Chemist of the Geological Sur-
vey, except when otherwise specified. Dr. Everhart also
made the specific gravity tests. '

For the arrangement and manner of presentation, the
author is responsible. The first part of the report contains

general information, such as has been largely published in.
reports on clays by other State surveys. It was believed

that such was necessary to an intelligent understanding of
the subsequent part of the book, and the data concerning the
origin, physical and chemical properties has been presented
in as concise a manner as -possible, and technical detail
omitted.

Detailed descr{ption of clay working plants—manufactur-
ing processes, machinery, kilns, personel, etc.—are omitted
- as not being with the province of this report. Such desecrip-
tions would only make the report unduly bulky. It will be
found that a number of the counties in the State are not men-
tioned. Such counties are either remotely situated or con-
tain no known clay deposits likely to be of value. On account
of the large field to cover, exploratory work in these counties
could not be undertaken.

Throughout the progress of the field work manufacturers
and property owners generally manifested interest and gave
such assistance as was desired. Acknowledgement is made
to Prof. S. W. McCallie, State Geologist, and Dr. Edgar Ever-
hart, Chemist, for their helpful interest in the work.



The Clay Deposits of Georgia

CHAPTER I

CLASSIFICATION AND ORIGIN OF CLAYS

Drrinrrron.—The term clay is applied to earthy materials,
which have the property of plasticity when wet, and are cap-
able of being moulded and of retaining their moulded shape
when dry, and have further the property of hardening when
burned. Chemically and mineralogically, clay consists of a
variable mixture of mineral fragments, an essential constit-
uent of which is a hydrated silicate of alumina, kaolinite, or
some allied mineral, which must be present before the mixture
can have certain physical properties, requisite for its use in
the manufacture of clay wares. Clays may exist as almost
pure kaolinite or kaolins through all variations of purity,
until they grade into sands, limestone, and other sedimentary
rocks. '

Oriein.—All clays are of secondary origin and have been
derived directly or indirectly from the decay and breaking
down of the original igneous rocks of the earth’s crust. This
. decay has taken place mainly through the atmospheric agen-
cies, rain, frost, changes in temperature, wind, and through
atmospheric gases and organic agencies, plants and animals,
all of which may be included under the term weathering. The
minerals of igneous rocks, which have been the chief source
of kaolinite, or the clay base or clay substance of clays, are
the feldspars. Other aluminous minerals, however, have



18 THE CLAY DEPOSITS OF GEORGIA

doubtless been a source of the kaolinite of clays, and the fol-
lowing list of minerals has been noted by Prof. C. R. Van
Hise' as having produced kaolinite through chemical altera-
tion:

Andalusite, anorthoclase, biotite, cyanite, epidote, leucite,
microcline, nephelite, orthoclase, plagioclase, scapolite, silli-
manite, sodalite, topaz and zoisite.

The most probable chemical reactions taking place when
the feldspars are altered to koalinite are given by Van Hise?
as follows:

ORTHOCLASE—

2K AlSi,05-+2H,0+C0,=H,ALSi,0,+48i0,+ K,CO,.

ALBITE—

2NaAlSi;0,+2H,0+C0,~H,ALSi,0,-+48i0,+ Na,C0;.

ANORTHITE—

4CaALSi,0,+3H,0=H,Ca,A1Si,0x+ H,ALSi,0,

The composition of kaolin is—H,A1,8i,0,, or AlQ,, 28i0,, 2H,0, which rep-
resents a percentage of 39.8% of alumina, 46.3% of silica, and 13.9% water.

In addition to the alteration of feldspar by weathering,
it seems probable that it may also be altered by pneumatolysis
or by the action of ascending acidic vapors. The kaolin of
Cornwall, England, has been attributed to action of this kind.

Weathering agencies tend to break down and decompose
igneous rock masses, by kaolinizing the feldspars and other
aluminous minerals, decomposing or taking into solution
others while still other more stable minerals are left as me-
chanical detritus. The residual or disintegrated mass from
weathering, consisting of clay and more or less decomposed
mineral fragments, is taken into suspension by running water
and deposited in flood plains, lakes, estuaries and seas. The
clay of the residue is deposited as kaolin or, together with
many mineral impurities, as impure, laminated clays and

iTreatise on Metamorphism, p. 352.
*Treatise on Metamorphism, p. 253.
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shales, and is contained in small percentages in other sedi-
mentary rocks as limestones and sandstones. These sedi-
ments may become land surface and are themselves subject
_to weathering and decay, and through the same process as
above, secondary deposits of clays are formed from them.
The origin of the main classes of clays will be discussed in
detail in the following pages. :

. CLASSIFICATION OF CLAYS

The following classification of clays is given from the
point of view of origin. A classification of clays may also be
made upon the basis of uses and physical and chemical prop-
erties, and is perhaps more desired by the clay worker than
the former; but the genetic classification is here given, since
it is regarded as essential to the understanding of the primary
divisions of clays, and ultimately the technological classifica-
tion itself is based upon the genetic classification, and is not
clearly understood until the reader has some knowledge of the
origin of clays.

The classification here given is a modification of numer-
ous others given by geologists and clay technologists.

1. ResmuaL—
Resulting in sitw from the
A. Kaolins, ] decay ff both igneous and
sedimentary rocks.
C. Semi-residual deposits.
2. TraNsPORTED—
A. Sedimentary deposits.
1. Marine and Estuarine.
a. Shales and slates.
b. Kaolins and fire clays.
¢. Impure or red burning clays,
unconsolidated.
2. Lacustrine.
a. Shales and fire clays.

b. Impure and ecalcareous clays.
3. Stream.

a. Alluvial clays.

B. Impure clays. J>
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B. Glacial deposits.
1. Bowlder clays.
2. (lacio-fluvial deposits.

C. Gravity assisted by water, or colluvial de-
posits.

D. Wind deposits.
1. Loess.

3. CmemrcaL DeposiTs.
1. Flint clays (in part).
2. Bauxitic clays (in certain localities).

RESIDUAL CLAYS

Residual deposits of clays are those clays which are left
as a residue of the decay of rock and which occupy more or
less closely the position of the rock from which they are de-
rived—those clays which have not been removed by meteoric
agencies from their place of origin. They may be derived
from any variety of sedimentary or igneous rocks and hence
have extreme variations in chemical and mineralogical com-

"position and physical properties.

The process by which rocks are converted into residual
clay deposits is called weathering. Weathering is produced
by both chemical and physical changes, and the agencies effect-
ing these changes are the atmosphere, water, and plant and
animal life. The atmosphere exerts both a chemical and
mechanical effect in disintegrating and decomposing rock
masses. The atmosphere is laden with gases, which are
taken into solution in the moisture of the air, and then exert
a chemical effect upon the minerals of rocks. Carbon dioxide,
CO,, is widely distributed in the atmosphere, and this, when
taken into solution by rain waters, exerts a strong solvent
effect upon minerals and rocks. The oxygen of the atmos-
phere also enters into combination with elements of rocks and
exerts a disintegrating effect. Oxidation is especially noticed
in connection with iron minerals. By changes in tempera-
ture, heat and cold, and by the wind, great mechanical or dis-
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integrating effects are brought about. Expansion and con-
traction from heat and cold set up strains in minerals which
gradually result in a breaking up of the rock. Rain water is
the most important agency in weathering; even pure water
exerts a solvent effect upon minerals, and this is increased by
-acids taken from the atmosphere and those derived from
plants and animals. The dropping of rain also exerts a me-
" chanical effect in moving disintegrated rock particles and pro-
ducing friction and wear of one particle over another. Plants
and animals also produce both a chemical and physical effect
in bringing about the destruction of rocks. The decay of
vegetable matter liberates organic acids which aid the decom-
"posing effect of water, and the growth of roots of trees are
observed to fill crevices and disrupt or pry apart blocks of
rocks. Certain animal life is also thought to exert an im-
portant effect in the decomposition of rock.

The form and character of a residual clay deposit, result-
ing from the processes of weathering above enumerated, will
depend upon the form, chemical composition, and texture and
stracture of the rock from which it was derived.

Resipuar Kaonins.—Kaolin is the term applied to those
clays which are white in color, which burn white and ap-
proach the mineral kaolinite in composition. Commercially
they are the most valuable clays, being used extensively in
the i_nanufacture of chinaware, porcelain, paper, etc. They
may be both of residual and sedimentary origin. Both types
of deposits occur in Georgia. The residual kaolins are de-
rived chiefly from the decomposition of the feldspars of
coarse granites or pegmatites, but may also be derived from
sediments, generally limestone, although it is possible for
residual kaolins to result from shales or schists and arkosie
sandstones. , .

In the formation of a residual kaolin from weathering, a
coarse granite or pegmatite may be taken for illustration.
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The granite is composed chiefly of feldspar (orthoclase),
quartz and mica. By the processes of carbonation and hydra-
tion the feldspar is decomposed and converted into kaolinite,
with a loss of silica and potash; the quartz of the granite is
disintegrated and may be in a very finely divided state, but
i1s not greatly affected chemically and remains in the kaolin
as a mechanical impurity or sand; the mica is disintegrated
and exists in the residual mass as small silvery flakes, but it
is not improbable that the mica itself through chemical altera-
tion has produced some kaolin. There may be minor acces-
sory minerals such as magnetite, garnet, apatite and zircon,
which may or may not be altered by the weathering agencies,
but on account of the amount present, they exert little effect
upon the purity of the residual mass. When biotite, or iron
bearing micas, occur they are oxidized and iron oxide derived
from them, forms an impurity in the residual clay. The re-
sult of the weathering is a friable mass of more or less pure
kaolin with a large percentage of quartz sand and other un-
decomposed minerals. The form and extent of a deposit will
depend upon the form and extent of the rock from which it
was derived. It may be in the form of veins, sheets, pockets
or may be derived from an intrusive mass or boss extending
over wide areas. In granites and other feldspathic rocks
complete kaolinization has often taken place to depths of 100
feet, beyond which the feldspars are undecomposed.

Residual kaolins derived from granitic rocks are observed
throughout the Crystalline area in Georgia, but no deposits
have yet been exploited and worked on a commerecial scale.

Resipvar, KaoLins From SepiMENTARY Rocks.—Extensive
deposits of white clays approaching kaolins in composition
are known to be derived from the weathering of sedimentary
rocks. Quite pure, white clays derived from hydro-mica
slates occur in Pennsylvania, and Wheeler describes deposits
of kaolin resulting from decay of Cambrian, Ordovician and
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Carboniferous limestones in Missouri. In Georgia, in the
areas underlain by the Knox dolomite formation, there are
deposits of white clays which are undoubtedly residual in
origin. The most probable explanation of these deposits is
that the kaolin was contained in the original rock as an
earthy impurity and was not derived from the alteration of
minerals in the rock. The clay might have occurred in cavi-
ties in the limestone or may have been disseminated as fine
aluminous matter. In the processes of sub-aerial decay, the
soluble portions of the rock were carried away in solution
and insoluble impurities such as clay, chert and iron were
left as a residue. The essential conditions for the formation
of residual kaolin deposits derived in such manner are that
the clay residue be in such a position that it will not be trans-
ported in suspension by running water, and that the original
rock does not contain a high percentage of insoluble impuri-
ties. Such impurities as lime, magnesia and the alkalies
would be largely removed in solution and would not greatly
affect the purity of the clay. It must be borne in mind that
while deposits derived from sediments may be directly resi-
dual, the primary source of the clays is from the decay of
igneous rocks.

Impure Resmouan Cravs.—Impure residual clays may be
derived from all varieties of rocks igneous or sedimentary,
and consequently have wide variations in color, texture, and
physical properties and extreme variations in chemical com-
position. The most common impurity in such clays is irdn,
which is also the chief coloring agent. Impure residual clays
may be high in lime, alkalies or magnesia, depending largely
upon the chemical composition of the rock from which they
were derived. These clays may be highly ferruginous, quite
siliceous or sandy, and very calcareous. Their origin is simi-
lar to that of the residual kaolins, being due to the decompo-
sition and disintegration of rock masses by weathering.
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Residual clays are of wide distribution and frequently
occur in considerable thickness, and form brick and pottery
clays of much economic value. The residual clays of the
Piedmont region are a conspicuous bright red on account of
their iron content. They are derived from the decay of the
crystalline rocks, granites, schists, diorites, ete. The residual
clays of the Paleozoic area are derived from limestones, sand-
stones and shales. Those from the limestones are usually red
in color though they may be bluish, yellow or even white and
usually possess good plasticity, except in cases where the
limestone was cherty and they are, then, highly siliceous.
The shales produce red, yellow, and light colored plastic clays.
Those derived from the sandstones, sandy shales and quartz-
ites are so highly siliceous that they are of no economic im-
portance. The Coastal Plain of Georgia is composed of com-
paratively recent sediments and has not been subjected to
weathering for such great periods of time as the older rocks
have, and also, from the fact that the rocks are for the most
part friable sands and clays, its residual clays are incon-
spicuous.

Semi-ResipvaL Crays.—In the Piedmont Plateau there are
ancient, highly metamorphosed sediménts, probably originally
shales, which are considerably decomposed but which still re-
tain their structure and are not completely disintegrated.
These rocks, where unaltered, have lost their plasticity
through metamorphic changes and are valueless for clay pro-
ducts. However, by partial decomposition, mainly of alumin-
ous minerals, they are of some economic value. Such de-
posits can hardly be termed residual clays, since the rock
preserves to some extent its orginal structure. The above
conditions apply equally well to schists of doubtful origin, and
hence such clays could hardly be termed sedimentary clays.
For this type of clay, Mr. Earle Sloan, State Geologist of
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South Carolina, applied the term Meta-residual’. In Georgia,
such deposits as that being mined at Belair in Richmond
county and the so-called shale used for the manufacture of
building brick at Bolton, in Fulton county, may be placed in
this class.

TRANSPORTED CLAYS

SEpIMENTARY CLAYS

The clays and disintegrated rock masses produced by
weathering do not always remain at their point of origin.
The aluminous or clayey matter of residual deposits, together
with more or less mechanical and chemical impurities, have
been transported and deposited by running water, wind and
ice, and form the second main division of clays, transported
clays. - When the mantle of residual material or regolith is
taken into suspension by running water or streams, the sedi-
ment carried is deposited in flood plains, lakes, estuaries and
seas. The clay deposits formed in this way are termed sedi-
mentary deposits.

MariNE aND Estuarine Deposits.—The clays which have
been carried out to the bottoms of the seas and estuaries, or
arms of seas, form stratified or bedded deposits of various
. types of clays. Shales are fine clay and mineral particles
which have been carried far out into large bodies of still
water and deposited as stratified or laminated muds of some-
times enormous thickness. By changes of elevations in the
sea bottoms and by a change in the character of the sediment
brought down by the streams, other sediments may be borne
over the muds, the whole may become land surface, and
through pressure and metamorphism the laminated muds are
-consolidated and become shales. When the beds of shale are

'Bull. No. 1, 8. C. Geol. Survey, p. 21
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subjected to heat and pressure in the process of mountain
making, they become metamorphosed into slates and schists
and thereby lose the properties of clays. Also, by process of
metamorphism the original minerals may be altered and rear-
ranged and new minerals developed so that the resulting
texture is quite different from that of the original deposil.
The term shale applies to structure rather than to chemi-
cal composition or mineral constitution, and shale clays may
have a wide range in composition, varying from highly sili-
ceous or sandy to very calcareous and bituminous. KEnormous
thicknesses occur ; the Conasauga shale formation of Georgia
reaches a thickness of 4,000 to 5,000 feet. Shales are used in
the manufacture of all kinds of clay wares except chinaware
and porcelain. They have properties similar to non-indu-
rated clays, but do not possess plasticity until finely ground.
Some plastic kaolins and white fire clays occur as sedi-
mentary deposits and are either of estuarine origin or were
deposited in off-shore bodies of water. Typical of such de-
posits are the extensive beds of white cays of the Cretaceous
and Tertiary formations of the Coastal Plain of Georgia.
These deposits are generally soft, and massive bedded and do
not show the laminated structure usually observed in sedi-
mentary clays. They are derived from the residual clays of -
the highly feldspathic, crystalline rocks of the Piedmont
Plateau, and were transported only short distances. The
origin of the white clays of the Cretaceous in Georgia is dis-
cussed in detail on a subsequent page. :
There are also extensive sedimentary deposits of marine
origin which have been deposited in seas in a similar manner
to shales, but which differ from shales chiefly in that they
are unconsolidated. There are extensive deposits of such
clays in the Cretaceous and Tertiary formations of the
Coastal Plain. These clays may have a laminated structure
and vary in composition and texture just as do the shales.
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The laminated sandy clays and black clay-marls of the Upper
Cretaceous, and the extensive fuller’s earth formation of the
Claiborne are good examples of such clays in Georgia. Un-
like shales, however, they have not been consolidated and
metamorphosed by pressure, and their plasticity may be de-
veloped without fine grinding. These clays may be calca-
reous, very sandy, or lignitic. They are chiefly of value for
brick: purposes.

LaoustRiNE Cravs.—Residual clays and rock debris may
be transported by streams and deposited in lakes and such
sediments are similar to those deposited in seas, in being
sorted and having a laminated and bedded structure. Lake
clays of glacial origin are common in some of the Northern
States, having been deposited in basins in front of the ice
sheet, or in valleys dammed up by drift. Some deposits have
‘been formed in swamps and bogs. This is generally sup-
posed to be the origin of the fire clay deposits underlying coal
~ seams, and their present purity is due to a leaching out of im-

purities by organic acids formed from the decay of vegetable
matter. The impure plastic clays in swamps along the larger
streams and near the coast in the Coastal Plain of Georgia
belong to this division of clays. These clays are very fine
grained, plastic and contain organic matter. They have been
taken into suspension by running water flowing into the
swamps, and are accumulated very slowly, since the land is
flat and the streams are very sluggish and retain in suspen-
. sion only the finest particles.

Stream DEeposiTs 0B Arruvian Crays.—In the early stages
of the existence of a stream its valley is narrow and V-shaped,
and it has rapid flow or steep gradient. It is engaged in
cutting down its channel, and the sediment which it carries in
suspension is coarse and is used by the stream in corroding
~ its channel in the rock over which it flows. The stream reaches
- a stage in its history when it ceases cutting down and it begins
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to widen its valley by cutting into its sides and flowing from
one side of the valley to the other, thus forming a flat plain

called its flood plain. At this stage, the river is sluggish, and
" only the clay and silty particles are carried in suspension.
During flood periods the stream may be overloaded or contain
more sediment than it can carry, and this is dropped in its flood
plain to form alluvial deposits. The alluvium is derived from
the residual material of rock decomposition just as all other
sedimentary deposits are. Rainwater washes the soil and
disintegrated rock into gullies and ravines, these enter small
branches or tributary streams, and these in turn enter larger
streams. The coarser material is deposited near the heads of
the streams and the finer material along the lower courses; the
coarse material is dropped first and the finer material remains
in suspension longest. In times of flood, the streams spread
over their plains, and the velocity of the stream being checked
some of its sediment is dropped forming a mantle of silt and
sand. This accumulation continues until great thicknesses
of alluvial deposits are formed. From the origin of alluvial
deposits, they would be expected to be quite variable in texture
and structure. The clay of alluvial deposits is generally
mixed with sand and is quite variable in extent and thickness.
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Fig. 1.—Sketch Showing an Alluvial Deposit of Clay.

Clay particles remain in suspension longest and are deposited
only in comparatively still water, and much of the clay of
alluvial deposits probably represents deposits from back
water and cut-offs, and are in the form of pockets or lenses
and not in continuous layers.
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The character of the clay depends largely upon the nature
of the rock formations over which the stream and its tribu-
taries flow. To take concrete examples, the alluvial clays
along the large streams in the Piedmont Plateau, contain a
large percentage of quartz and mica sand and other unde-
composed minerals derived from igneous rocks and the clay
is bluish or gray in color, and is simply residual kaolin made
plastic in the processés of transportation and deposition.
They contain from two to six per cent. of iron and no lime

“or only a very small amount. Those streams which originate
in the Coastal Plain, on account of the very sandy character
of the rock over which they flow, do not produce any alluvial
deposits of economic value.

Alluvial deposits furnish some of the most valuable brick
and tile clays in Georgia.

@raciat, DeposiTS

In that part of the United States which was covered by the
continental ice sheet, there are deposits of impure clays which
were transported by the ice. This material deposited by the
ice is of a heterogeneous character, and consists of the ground-
up rocks over which the glaciers advanced. Some deposits
were formed which were partly water deposits. These are a
redeposition of the drift, brought down by the ice, in streams
and lakes, the water of which was derived from the melting of
the ice.

CoLLuvial DeposiTs

Colluvial clay deposits differ from residual deposits in that
they have not been carried in suspension by streams and
are not flood plain deposits. They occupy a position mid-
way between residual and alluvial deposits and may by
gradual transition pass into either. They are due to the
transportation of residual material, by gravity and wash
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to the foot of slopes. The factors in the formation
of colluvial deposits are: 1, surface decay of rock masses
producing residual deposits; 2, transportation of this residual
material by gravity and wash; 3, rearrangement of the trans-
ported material by mechanical and chemical changes. To
illustrate the formation of a deposit, take as an example a hill
of residual material derived from a granitic rock. The sec-
tion of the residue is, beginning at the top, red clay soil con-
taining coarse quartz fragments, yellow to gray clayey resi-
due, disintegrated rock, and finally unaltered rock. By wash
from rainwater, the fine clay particles of the residue are
carried furthest and lodged at the slope of the hill, forming
the clay deposit. In granite regions, the clay at the foot of
the slope may be almost white, gradually changing into the
red and yellow soil higher up the slope.
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Fig. 2.—Sketch Ilustrating the Formation of a Colluvial Clay Deposit.

Colluvial deposits furnish some very good brick and pot-
tery clays throughout the Piedmont Plateau of the State.
Such deposits, however, are usually small.

‘Winp DeposiTs

In the Mississippi and Missouri valleys, there are de-
posits of loess, which may have been in part deposited
by wind action. The loess bears a relation to the ice sheets
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F16. 1.—ALTAMAHA SANDSTONE NEAR REGISTER.

Fi16. 2.—ALTAMAHA SANDSTONE NEAR REGISTER,
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and was derived from the sediments brought down by
glaciers; it consists mainly of very fine sand grains, and
only a small percentage of clay. It has been used in the
manufacture of brick.

CHEMICAL DEPOSITS

From what has been said previously regarding the origin
of clays, deposits of chemical origin would hardly be expected.
Some commercially valuable clays are ascribed to this origin,
however. Mr. H. A. Wheeler, who studied the clay deposits
of Missouri, was of the opinion that certain non-plastic flint
clays found in the limestones of Missouri, were chemical de-
posits, being primarily sedimentary deposits and altered sub-
sequently by leaching and recrystallization. Certain bauxite
clays, closely associated with bauxite, occurring in northwest
Georgia, are, in the opinion of the writer, associated in origin
with the bauxite. The bauxite deposits were studied by Dr.
C. W. Hayes and Dr. T. L. Watson, and the most acceptable
theory in their opinions, was that the bauxite was precipitated
from a chemical solution.

Some white clays in the Cretaceous formation of the
Coastal Plain were observed by the writer to have a perfect
pisolitic and concretionary structure, and it is difficult to
conceive how this structure could have originated, except
from precipitation from a chemical solution. The clays are,
however, sedimentary deposits which have been altered chem-

ically, in place, most likely, and have not been transported in
* solution.

The halloysite deposits in Dade county, Georgia, represent
probably a chemical alteration of residual kaolin. Small
veins of halloysite are observed in altered granitic rocks in the
Piedmont Plateau, and these are either a chemical alteration
of residual kaolin derived from feldspars or an alteration of
the feldspar itself.



CHAPTER 1I

MINERALOGICAL AND CHEMICAL COMPOSITION OF
CLAYS

Mingrars oF CLays

Clay, if absolutely pure, would consist of aggregates of
hydrated silicate of alumina alone, the mineral kaolinite, or
some allied mineral. Absolutely pure clay, in commercial
quantities, however, is not known, and the clay of commerce
consists of aggregates of particles of minerals found in
igneous and sedimentary rocks; of such aggregates, kaolinite,
or some allied hydrated silicate of alumina, is an essential
constituent. '

Clays may exist as almost pure, as kaolins, or may be of
complex mineral composition, or may consist predominantly
of one mineral with only a very small percentage of clay.
Thus clays may vary from 99 per cent. pure to those contain-
ing only 5 or 6 per cent. clay substance. The different min-
erals existing in clays may occur as oxides, carbonates, sili-
cates, sulphates, etc., and different minerals have different
chemical and physical properties and their presence in clays
in appreciable amounts, exerts a peculiar influence upon the
working and burning qualities of clays.

The following is a list of the more common minerals, which
have been identified by various investigators, occurring in
clay: quartz, orthoclase, plagioclase, muscovite, biotite, lim-
onite, hematite, magnetite, pyroxene, hornblende, pyrite, sid-
erite, calcite, garnets, manganese oxide, gypsum, rutile, ilmen-
ite, tourmaline, glauconite and bauxite.
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The kinds and quantity of minerals found in clay are de-
termined by its origin, whether sedimentary, residual, ete.,
and the rocks from which it was derived. The list of miner-
als given above could doubtless be vastly augmented, and
perhaps a greater part of all of the minerals known to occur
in rocks might under peculiar conditions be found in clays,
but such a list would be neither of practical nor of scientific
value. Only those minerals which occur in commercially
valuable clays and which have a direct bearing upon the prop-
erties of the clay or are of special mineralogic interest need be
discussed.

Kaouinite.—Kaolinite is a hydrated silicate of alumina.
Its chemical formula is Al,0,, 2Si0,, 2H,0, which represents,
alumina, 39.8 per cent., silica, 46.3 per cent., and water, 13.9
per cent. In its crystalline form, it is white or pearly and
occurs in hexagonal plates. It has a hardness of 2 to 2.5 and
a specific gravity of 2.2 to 2.6. The mineral is commonly re-
garded as the base of clays, though its presence in the crys-
talline form is rarely detected with certainty in clays. How-
ever, regarding kaolins as in the main being composed of ag-
gregates of scales or plates of kaolinite, the mineral is plastic,
and is highly refractory, having a fusing point near cone 36,
or about 3,362° F.

Other hydrated silicates of alumina related to kaolinite
are halloysite, pholerite, rectorite, allophane, and newtonite.
Halloysite has been noted as occurring at several localities in
Georgia. Halloysite is ordinarily non-plastic; not as earthy
or friable as clay, and is compact enough to break with a con-
choidal fracture; it usually has a waxy lustre and varies in
color from pure white to greenish, yellow and red. It con-
tains a higher percentage of combined water than kaolinite;
the composition as determined by Le Chatelier and given by
Dana is 2H,0, A1,0,, 28i0, + Agq. or silica, 43.5 per cent.,
alumina, 36.9 per cent., water, 19.6 per cent.
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QuarTz.—Quartz, either in crystals or in the amorphous
impure form of chert or flint, is the most common mineral
impurity in clays and may vary from less than one per cent.
in very pure kaolins to 70 or 80 per cent. in impure brick
clays and certain siliceous fire clays. As marking the
extremes in the clays examined in Georgia, a very pure, sedi-
mentary kaolin from Dry Branch showed 0.5 per cent. quartz,
while a very siliceous fire clay, utilized for fire brick at Mis-
sion Ridge, showed 80 per cent. free silica or sand.

Quartz in clays affects their fusibility and behavior in
burning, shrinkage, plasticity and tensile strength. It also
detracts very much from the value of certain clays which are
used in the raw condition, such as those used for paper filling.

Pure quartz has a fusing point of about 3,326° F. or near
pyrometric cone, 35. Ordinarily considered it increases the
refractoriness of a clay; this faect has been observed by
every brick maker, for when his clay becomes sandier than
usual a longer and greater heat is required to obtain a hard
burned brick. - At high temperatures, however, it has been

proven by laboratory experiments, that silica acts as a flux.
This was first proven by H. Seger, the famous German tech-

nologist. ~ Mr. H. Ries, in his study of New Jersey clays,
made similar experiments with a mixture of white burning
clay and finely ground quartz, and obtained results agreeing
with those of Seger, and deduced the conclusion that those
fire clays, other things being equal, which contain the smallest
quantity of free silica or sand are the most refractory. The
size of the quartz particles also affects the fusing point, fine
grains fusing more readily than coarse.

Quartz sand in a clay diminishes both the air and fire
shrinkage. Sand added to a clay tends tomake it more open
and porous, and when the water used in mixing up the clay
is expelled by evaporation, the clay particles can not draw
as closely together as if the sand were not present and hence
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the shrinkage is lessened. In the burning of clays it has been
observed that there is a diminution in the volume of the clay
until the pbint of vitrification is reached. This shrinkage is
‘due in the main to the fusion of mineral particles composing
the clay; the quartz grains do not enter into this fusion at low
temperatures and hence counteract the shrinkage. In some
very sandy brick clays there may be an expansion rather than
a contraction.

'Quartz sand is a non-plastic material and when added to
a clay lessens its plasticity. It is also known from laboratory
and practical experience that sand lessens the air dried
strength of clays, and hence a knowledge of the amount and
character of sand present in a clay is essential to the suc-
cessful working of a clay.

Frrospar.—Nearly all clays contain feldspar. Feldspar
is a silicate of aluminum with potash or lime or soda. The
mineral varies in color from white to pink, red, yellow and
green; it is not as hard as quartz, being 6 in the scale of
hardness while quartz is 7. Feldspar is not found in clays
in as large particles or in as large amounts as quartz, since
it does not resist abrasion in transportation or resist weather-
ing to the extent that the latter mineral does. It is rarely
found unaltered in clay and is cloudy from partial kaoliniza-
tion. The highest percentage of feldspar in Georgia clays
analyzed for this report was 38 per cent., while the average
is probably not over 2 per cent.; in some of the plastic kaolins
and bauxitic clays it is entirely absent.

Feldspar fuses at 2,012° F., to 2,198° F., but may act as a
. flux in clays at a lower temperature. In the manufacture of
chinaware, porcelain, etc., feldspar is added to kaolins, to
reduce their refractioness.

Mica.—Mica is found in nearly all rocks both igneous and
sedimentary, either as an original or secondary mineral and
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since it is not easily decomposed by weathering agents and
since it is readily carried in suspension by running water, it
is a common constituent of clays. Muscovite and biotite are
the varieties most commonly met with. Muscovite is a sili-
cate of alumina and potash having a chemical formula,
H,KAl;, (Si0,);; this corresponds to silica, SiO,, 45.2 per
cent., alumina, Al,0,, 385 per cent., potash, K,O, 11.8 per
cent., water, H,0, 4.5 per cent.

Biotite is a complex silicate of alumina, potash, iron and
magnesia, and is of variable composition, but the formula,
(HK), (MgFe), Al, (SiO,); is given by Dana as typical.
Mica is present in clays in the form of thin, glistening scales
or flakes; the biotite, which is black when fresh, is nearly
always decomposed and the iron leached from it. Mica is
present in nearly all shales and in some clays is the most -
abundant mineral impurity. The plastic white clays of the
Cretaceous of Georgia all contain mica as a mineral impurity
and it very often exceeds quartz in amount. On account of
its usunal fineness and ease with which it floats, it is difficult
to eliminate it from clays by washing.

Mica acts as a flux in clays at high temperatures. How-
ever, it is stated by one investigator that if muscovite is
ground extremely fine that it will vitrify sufficiently to
produce a non-absorbent body below cone 4.! In the case of
some micaceous brick clays, as those of the Piedmont Platean,
the mica flakes retain their individuality and appear on the
burned brick as glistening scales, where the brick are not
burned to vitrification. The fusing point of muscovite mica,
when not in an extremely finely divided state, is about that
of cones 7 and 8, and under certain conditions scales of mica
may appear in a body burned even to this temperature.
When iron bearing micas are present they exert some color-
ing action upon the burned clay. In the examination of the

'R. T. Stull, Transactions Amer. Cer. Soc., Vol. IV, p. 225,
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fire clays of Georgia, the writer found that when the clays
did not contain over 2 or 3 per cent. of mica, their refractory
qualities were not appreciably affected. Likewise, the pres-
ence of a small amount of muscovite mica in a kaolin does
not materially detract from its value.

~ LimonITE.—Limonite is a hydrous oxide of iron having the
chemical formula 2Fe,0,, 3H,0; or Fe,0,, 85.5 per cent. H,O
14.5 per cent. It is the most common iron compound in clays;
it is yellow, yellow-brown, or even black in appearance, and
occurs in clays disseminated in fine grains, and then gives a
uniform color to the raw clay, or, it may occur in the form of
accretions or concretions and limonitic crusts and layers. It
is not an original constituent of igneous rocks and when pres-
ent in clays, has resulted from the alteration of other min-
erals. It has both a coloring and fluxing effect in the burn-
ing of clays. The presence of less than one per cent. is often
sufficient to produce a noticeable color effect in a burned clay
and hence is an injurious constituent of kaolins, which are
required to produce pure white bodies. On the other hand
for the production of lower grade clay produects, as common
brick, paving brick, sewer-pipe, etc., it may be a desirable
constituent in clays on account of its coloring and fluxing
action.

In many residual and alluvial clays, limonite is present in
the form of small black or brown accretions about the size
of buckshot or small marbles, and these if not finely crushed,
affect the appearance of the burned product by causing a
cracked or rough surface and fused, black splotches. Such
concretions are especially noticeable in the alluvial clays of
the Chattahoochee, Flint, Ocmulgee and Savannah rivers in
the Piedmont Plateau and near the Fall Line.

Hemarire.—Hematite is the anhydrous sesquioxide of
iron, Fe,0,. It is distinguished from limonite by its red
color and streak and greater hardness. It readily alters to
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limonite. It produces both a coloring and fluxing effect in
clays. ’

Mae~ETITE.—Magnetite, Fe;0,, magnetic iron ore, is not
common in clays. Magnetite is an original constituent of
igneous rocks and is no doubt present in residual clays
derived from igneous rocks. It has been observed in the
form of minute black grains in some of the plastic sedimen-
tary kaolins of Georgia, and may be partly the cause of the
minute black specks observed when these clays are burned.
It is, however, rarely present in clays in sufficient amount to
materially effect the value of the clay.

SiperITE.—Siderite, the iron carbonate, FeCO;, occurs in
some shales, either in concretionary masses or disseminated.
It has been observed in some of the Coal Measure shales in
Georgia. In burning, the siderite would be converted into
iron oxide, with the expulsion of CO,, carbon dioxide.

Pyrire.—Pyrite the iron sulphide, FeS,, is very frequently
found in clays and shales and is an injurious ingredient. It
is pale yellow to brass color, has a metallic lustre and occurs
in cubes or nodular lumps. In burning, the pyrite may be
converted into iron oxide and sulphur dioxide, SQ,, which
latter uniting with steam forms sulphurie acid, H,SO,. The
sulphuric acid may unite with lime and magnesia compounds
producing soluble sulphates which appear on the burned
product as an efflorescence. 'When scattered grains occur,
it may produce a splotched or speckled effect, similar to that
produced by manganese. ‘

Pyrite occurs in some of the shales of northwestern
Georgia and is often very noticeable in the black and gray
clay-marls of the Cretaceous and Eocene formations in the
Coastal Plain. ‘

Lime CarBonaTE.—Lime carbonate, CaCOy,, occurs in clays
in erystals as calcite, in the form of nodular concretions, or
as fragments of limestone. Calcite is a soft, translucent to
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opaque mineral, and occurs in rhombohedral crystals. Lime
carbonate when present, as much as 3 or 4 per cent. may be
detected by its effervescence with acids, or even with strong
vinegar. Lime carbonate is found both in residual and trans-
ported clays—ecrystals of calcite are observed in shales and
their metamorphosed equivalents, while calcareous concre-
tions and fragments are found in residual and alluvial clays.
Lime carbonate in clay acts as a flux, and when present in any
large amount produces a very rapid vitrification and hence is
objectionable in clays used for sewerpipe and paving brick.
‘When burned it is converted into quicklime which slakes upon
exposure and causes a cracking of the ware. If the lime car-
bonate is disseminated through the clay. or finely crushed it
will not injure the clay for ordinary wares.

Concretions and fragments of lime carbonate were
obgerved in the alluvial clays at Abbeville and Albany, where
they have given some difficulty in the manufacture of brick.
A rather unique occurrence of the coneretions is at Union
Point, where they occur in a residual clay derived from an
igneous rock. In this case the lime carbonate was probably
derived from the carbonation of hornblende, a silicate of lime,
magnesia, and iron.

GypsuM.—Gypsum is a hydrous sulphate of lime; it is a
soft mineral and ¢an be scratched with the finger nail. It
has a pearly lustre and occurs in plate-like crystals or in a
fibrous form, and does not effervesce in acids. It is not of
wide-spread distribution in clays, but when present is an
injurious ingredient. Gypsum is not an original constituent
of igneous rocks but is formed as a chemical precipitate from
the ocean and salt lakes or lagoons. It may be of secondary
origin in clays and is formed by the action of sulphuric aeid
upon lime carbonate. This mineral is most likely to be found
in Coal Measure shales where conditions were more favorable
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for its formation; it does not occur in alluvial clays nor has its
‘presence been noted in kaolins.

It was observed by the writer in small amounts in the
sandy clay-marls of the Cretaceous of Georgia, but was not
seen in appreciable quantity in any other clays.

RuriLe.—Chemical analyses show that titanium dioxide is
almost universally present in clays and the source of this is
commonly attributed to rutile, TiO,. Rutile occurs in cry-
stalline rocks and is a common secondary mineral in the form
of microlites or minute needles. It has a hardness of 6 to
6.5 and would be very resistant to weathering and to abrasion
in transportation. Rutile in the form of needles has been
observed with certainty in some shales and schists. All of
the analyses of Georgia plastic kaolins and fire clays and
bauxitic clays showed percentages of titanium dioxide rang-
ing from 0.08 to 9.25 per cent., though no rutile or any other
titanium bearing mineral has yet been positively identified
in them. Ground rutile mixed with a white burning refrac-
tory clay lowers the fusing point of the clay. According to
experiments made by Mr. H. Ries?, it was observed that one-
half per cent. of rutile lowered the fusing point of the clay half
a cone, and that 5 per cent. of rutile lowered it 2 cones. It is
also known that ground rutile produces a yellow coloration in
kaolins at low temperatures.

In testing the Georgia plastic kaolins and the kaolins
associated with the bauxites, the writer was unable to detect
any appreciable color effect or lowering of the fusing points
of the clays, due to the percentages of TiO, shown in the
analyses. It is highly probable that the titanium dioxide of
these clays is not derived entirely from rutile.

Hor~NBLENDE AND PyroxENE.—These minerals are silicates
of calcium, magnesia, and iron and are original constituents
of igneous rocks, and may occur in the residual clays derived

*Clays of N. J., Geol. Surv. of N. J., p. 70,
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from these rocks. The decomposition of hornblende is the
cause of the deep red color of some of the clay soils of North
Georgia. Either the hornblende or pyroxene if present in
clay in any large quantity would be active fluxes. It is not
improbable that some of the minute black specks observed
in the white clays of the Coastal Plain are due to unaltered
particles of hornblende or pyroxene.

Gravconite—Glauconite is a hydrated silicate of potash
and iron, and occurs as green, sandy grains. It fuses at low
temperatures and hence has a fluxing effect in clays; it also
produces a color effect on account of the iron. Glauconite ap-
pears in the clays of the Upper Cretaceous and Lower Eocene
in Georgia, but none of these clays have yet been utilized for
manufacturing purposes.

Bavuxite.—Bauxite is a hydrous oxide of alumina, probably
having the chemical formula Al,0,, 2H,0. It is a valuable
ore of the metal aluminum. It forms a varying percentage
of the bauxitic clays of Northwest Georgia and is also closely
associated with clays at the newly discovered localities in
Wilkinson county. Bauxite is very highly refractory and
-increases the fusing points of clays. It lessens the plasticity
of a clay and causes it to crack in burning on account of the
high percentage of combined water which it contains.

Ma~canese.—Oxides of manganese were observed in
Georgia clays, but not in quantity to exert any appreciable
chemical or physical effect in the working or burning of the
clays. Manganese oxide, probably pyrolusite, occurs as
stains along joints and occasionally in small lumps in the
white clays of the Cretaceous. It would be an injurious

ingredient in those clays used in the manufacture of white
ware.
Tre CEEMICAL ANALYSIS OF CrLAYs

There are two commercial analyses made of clays—the
ultimate and the rational. In the ultimate analysis the con-
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stituents of a clay are given as oxides of various elements,
although the mineral components of the clay may exist as
carbonates, silicates or sulphides. The rational analysis is
an attempt to resolve a clay into its mineral components. The
chemical analysis is of practical value to the clay worker when
rightly interpreted, but an opinion as to the value of a clay
is liable to error if based entirely upon it, and the analysis
should be supported by physical tests. The rational analysis
is of value only in the case of those clays used in the manu-
facture of the higher grades of clay wares.
The following is the form of the ultimate analysis:

Constituent Formula Percentage
Silica, SI0; vivriviiiir i _—
Alumina, ALO; tvviiiiiit ittt ieenns
Iron (Ferric), FeOz vovvnenrviinnnnriiarennnns
Iron (Ferrous) FeO .ieiiriiriiininiinennnnnss
Lime, Cal it e
Magnesia, MO e
Soda, NaO vvvverreirnteiiiiienecnens
Potash, KiO toeieniienineneennneronnnas
Titanium dioxide, TiO, ......cvvviiiiiiiiiiiine.

Water (combined), H,O ...ovvniiveiniiiiiiiiiien,
Moisture, HiO iiiveireiiienenctenenasans

In the rational analysis only three constituents are deter-
mined: :
Clay subStance .....coveieeiinerrerieneronnenannes
QUartz .. ...ttt i i ettt
Feldspar . ovvveerenniineiannseetoneeeesocneenenns

Siica Si0,.—Silica is given in most clay analyses as
‘‘combined’’ and ‘“free.”” By ‘‘combined’’ silica is meant the
silica in combination with kaolinite, or the clay base, and the
gilica of other silicates, which may be present, which are
decomposed by sulphuric acid. Quartz and other silicates are
given as free silica or sand.

The amount of silica shawn in analyses of clays presents
wide variations. Theoretically pure clay or kaolinite would
contain 46.3 per cent. silica. The range in 125 analyses of
Georgia clays was from 25.83 per cent. to 85.00 per cent.
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Brick clays usually contain the highest percentage of total
silica since they generally contain a large amount of free
silica or sand.

The effect of quartz or free silica in clays has been dis-
cussed. Other silicates as hornblende, mica, garnet, feldspar,
etc., may be the source of a part of the total silica of the
analysis. These minerals, if present in appreciable quan-
tities, may lower the fusibility and the shrinkage of clays.
The ultimate analysis, however, does not determine the par-
ticular varieties of silicates present. v

Avumina, AlL,O,—The alumina of the analysis is con-
sidered as the alumina of the clay base. In clays containing
feldspars and other aluminous silicates, however, it is very
probable that these yield a part of the Al,O,, of the analysis.
In some clays, bauxite, Al,O;, 2H,0, is present. The range
of alumina in Georgia clays was from 7.34 per cent. to 48.22
per cent., the lowest in a fuller’s earth the highest in a clay
from Rome, containing free bauxite. The percentage of
alumina in pure clay, commonly regarded as kaolinite, would
be 39.8 per cent.

Iron.—Iron is given in the ultimate analysis usually as
the ferric oxide, Fe,0,;, but the ferrous iron, FeO, is also
frequently determined. This iron is derived from the iron
minerals in clay, as limonite, hematite, pyrite, siderite, ete.,
and the silicates, biotite, hornblende, garnet, glauconite, ete.

Iron is a strong coloring agent both in the raw and
unburned clay. It produces a great variety of colors in
burned clay—from very faint cream to yellow and buff, all
shades of red, brown, blue and even black. The amount of
iron as shown by the ultimate analysis is not always by any
means an index as to the depth of color which the burned
clay will show. As an example a clay from Wilkinson county
showing 11.73 per cent. Fe,O; in the analysis, did not burn
to as deep a color as an alluvial brick clay from Georgetown
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showing only 3.74 per cent. of iron. The Wilkinson county
clay is a natural mixture of almost pure kaolin and iron
oxide, while the Georgetown clay is a very sandy, alluvial
clay. Aside from the quantity of iron oxide present, various
factors affecting the color which it will produce are: 1. Tex-
ture and distribution of the iron in the clay; 2. Form of the
iron; 3. Kiln conditions in burning, whether oxidizing or
reducing, and temperature; 4. Chemical combination with
certain other constituents of the clay which neutralizes the
color effect of the iron. In the first case, it is readily seen
that the color effect produced will be quite different, when the
iron is in a finely divided state and intimately disseminated
through the clay and when it exists in coarse grains and
unevenly distributed. It is also important to know whether
the iron exists in the clay in a ferric or ferrous form, whether
for example as limonite, or as some ferrous silicate as biotite
or hornblende. In burning, the kiln atmosphere may be
either oxidizing or reducing. In the former case the iron is
converted into the ferric form and in the latter case to the
ferrous, with different shades of color resulting. The effect
of differences in temperature may be observed in the burning
of any ferrugineus brick clay in the ordinary updraft kiln.
The brick may vary in color from pale salmon at the top, to
red in the centre and purplish and black near the eyes of the
kiln.

The combination of iron oxide and lime in the burning of a
clay is known to produce a buff or yellow color. As to
whether the formation of alumina-iron compounds takes place
in burning an neutralizes the red color of iron seems to be
debatable. The writer observed, in the investigation of
Georgia clays, that certain bauxitic clays from Northwest
Georgia did not show as great a tinge of color as some of the
plastic, white clays from the Cretaceous, though having a
higher iron content. This fact, however, can not be attri-
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buted with certainty to the higher alumina content in the
bauxitic clays. As a laboratory experiment, a mixture of
clays was made in which the content of iron oxide, Fe,0,, was
kept constant, 5 per cent., and the amount of alumina in the
mixture increased, by the addition of pure aluminum oxide,
from 36.78 per cent. to 50.18 per cent. Bricklets were made
of the mixture and burned as near as possible under the
same conditions to cone 4. The result was a very perceptible
increase in depth of color from the highest alumina to the
lowest, the shades ranging from the faintest pink to buff.
The same series was burned at cone 11, and all burned to a
rather leathery buff with no decisive differences in the depth
of color. A rather interesting result of the experiment was
that under certain conditions a clay mixture containing as
much as 5 per cent. of Fe,0, may be burned at a high tem-
perature and show scarcely any color. Analyses of the sep-
arate mixtures were not made, but the chemical composition
of the three constituents was known and the percentage of
iron thus calculated.

Iron compounds in clays exert a fluxing action, not only
because their individual melting points are lower than that
of the clay base, but because it is believed that iron oxide
enters into combination with silica forming an easily fusible
silicate.

Iron in clays may be either a desirable or an undesirable
constituent. In the lower grades of wares it is of value both
as a fluxing and coloring agent, while the presence of less
than one per cent. in kaolins may impart sufficient color to
destroy the commercial value of the clay. ‘

Lime.—The lime of the chemical analysis does not exist
in the clay in the form of an oxide, but is derived from the
lime minerals of clays such as calcite or limestone, dolomite
and gypsum, and the lime silicates, as feldspar and horn-
blende, may contribute a small amount. Lime is an active
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fluxing agent in clays and when in excess of iron may unite
with this latter mineral and neutralize its color effect.

The amount of lime in 125 analyses of Georgia clays ranged
from 0 to 13.89 per cent. Common brick clays may contain
a very high percentage of lime without their value being
materially affected, provided that the lime, if in the form of
the carbonate, is in a finely divided condition. It is injurious
in paving brick and sewer-pipe clays if in large quantity, since
it produces rapid vitrification.

Maenesia.—The magnesia, MgO, of the ultimate analysis
is derived mainly from magnesian silicates of crystalline
rocks, such as hornblende, biotite, etc., and the double car-
bonate of magnesia and lime, dolomite. It is rarely present
in clays in large quantity. The amount in 125 analyses of
Georgia clays ranged from nothing to 5.86 per cent.; the
average in 52 kaolins and fire clays was only 0.07 per cent.

Magnesia exerts a fluxing action in the burning of clays.
The work of a German investigator, Mackler, and in this
country of Mr. Adolph Hottinger! has shown that magnesia
is a less powerful flux than lime and in clays carrying mag-
nesia, the vitrification and melting points are farther apart
than in lime clays. Also that kaolin with magnesia gave a
denser body at the same temperature than with lime.

In view of these experiments it can hardly be considered
an injurious ingredient of clays, except in the case of fire
clays where it is in sufficient amount to exert a fluxing action.

Sopa anp Porasa.—Soda and potash, in the clay analysis,
are given as the oxides, Na,0 and K,O. It is doubtful
whether the compound Na,O exists; K,0, may be produced
artificially, but does not exist in nature. Soda and potash
are derived mainly from the silicates, feldspar and mica. In
some Tertiary and Cretaceous clays of the Coastal Plain,
potash may be derived to some extent from glauconite, a sil-

1. Trans. Amer, Cer. Soc.,, Vol. V, p. 130.



MINERALOGICAL AND CHEMICAL COMPOSITION OF CLAYS 47

icate of potassium and iron. The feldspars are silicates of
alumina and potash or lime and soda; orthoclase, the potash
feldspar, contains 16.9 per cent. of potash, while the lime-soda
feldspars, oligoclase, andesine and labradorite contain from
4.5 per cent. to 14.2 per cent. of soda. Albite, the soda feld-
gpar, contains 11.8 per cent. soda. Muscovite contains 11.8
per cent. of potash; paragonite is a soda mica, but has not
been observed in clays.

Soda and potash, commonly termed alkalies, are regarded
as the most powerful fluxes in clays. Brick clays usually
contain the highest percentage of alkalies and in such clays,
if in the form of silicates, the alkalies are a desirable con-
stituent. In fire clays, if the alkalies exceed one or two per
cent., the fusing points of the clays are apt to be materially
lowered. The presence of a small per cent. of soda and pot-
ash in kaolins is not necessarily injurious, and when derived
from feldspar would on the other hand be desirable. The
average amount of soda in 52 Georgia kaolins and fire clays
was .09 per cent.; the average amount of potash was .16 per
cent. The average in 123 clays of all kinds was soda .27 per
cent., potash, .83 per cent.

Treantom.—Titanium in eclays is in reality of common
occurrence, though it is often regarded as an uncommon con-
stituent. From data collected by H. Ries!, the common
oceurrence of titanium in clays is shown by the following list:

Twenty-one New Jersey clays.......c..c...... 1.06 to 1.93 % .
A series of Pennsylvania clays............... 0.85 to 4.30 %
Eleven Qhio coal-measure clays.......c.o0nu. «. 0.16 to 1.68 %
- Fire clays from St. Louis.................... 1.00 to 1.91 %
- Thirty-five clays from Virginia............... 0.00 to 1.88%
One hundred Texas clays, ....ccvveeenionnnss 0.00 to 212 %
To this list may be added:
Seventy clays from West Virginia............. 46 to 2.82%*
Twenty-two 8. Carolina fire clays and kaolins. .37 to 1.82%*
One hundred and seven Georgia clays.......... 04 to 9.25%

1. Clays, Occurrence, Properties and Uses, p. 84, John Wiley & Sons.
2. West Virginia Geol. Surv., Vol. ITI, 1905.
3. 8. C. Geol. Surv. Bulletin No. 1.
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The average of the 107 Georgia clays was 1.33 per cent.;
in 52 kaolins and fire clays the average was 1.64 per cent.

Rutile, TiO,, and ilmenite (TiFe),0,, are regarded as the-
most probable sources of the titanium dioxide of the chemical
analysis. Other possible sources are from titanite, CaO,.
Ti0,, Si0,=Silica, 30.6 per cent., titanium dioxide, 40.8 per
cent., lime, 28.6 per cent., and perovskite, CaTiO,=lime 41.1
per cent., titanium dioxide, 58.9 per cent. Brookite and -
octahedrite are of the same composition as rutile. ‘

Many of the plastic kaolins of the Cretaceous contain
more titanium dioxide than all of the other impurities com-
bined. Microscopic examination was made of these clays to-
determine if possible the source of the titanium. However,
no titanium bearing minerals were identified with any cer-
tainty. Dr. T. L. Watson' made examination of the bauxites:
of Northwest Georgia, which contain high percentages of tita-
nium, and no titanium bearing minerals were recognized. It
seems likely that the titanium is connected with the origin of
the bauxites which are of chemical origin. '

The writer ventures to suggest that some of the titanium
of the analyses of the white Cretaceous clays is in chemiecal’
combination with the aluminum silicate or clay base and does:
not exist as a free oxide.

Ground rutile mixed with kaolins is known to produce a
fluxing effect and a yellow coloration at high temperatures.
The writer was unable to.observe in the investigation of the-
Georgia kaolins, that the percentages of titanium dioxide-
shown in the chemical analyses, appreciably affected either
the color or the fusing points of the clays.

‘Water.—Water is given in the analysis as moisture or
hygroscopic water and combined water. Water absorbed’
from the atmosphere is retained in the pores of the clay but
is not in chemical combination and is expelled from the clay
at 100° C. In the natural state clays may contain as much:

1. Geol. Surv. of Ga., Bull. No. 11, p. 52.
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as 15 or 20 per cent. of water and in some exceptional cases
as much as 50 or 60 per eent. without becoming soft mud.
In air drying, the moisture is evaporated, and in making the
analysis it is desirable to have the clay dry, so that the
analysis generally shows less than one per cent. of moisture
or not more than one or two per cent. Some fuller’s earths,
such as that from Twiggs county, will retain as much as 7 or
8 per cent. of moisture under ordinary conditions of air dry-
ing. This is due to the extreme minuteness of the pore
- spaces of the earth.

The combined water is that which is in chemical combina-
tion with certain minerals forming the clay, and which is not
expelled from the clay except by heating at temperatures
above 100° C. The chief sources of the combined water of
clays is from the clay base, kaolinite, which contains 13.9 per
cent. combined water; limonite, and muscovite mica, contain
145 per cent. and 4 to 5 per cent. of water respectively.
Bauxite in some of the Georgia clays increases the amount of
combined water since it usually contains about 30 per cent. of
combined water. A high percentage of combined water indi-
cates that the clay is likely to crack during the early stages of
burning. ‘

Loss on IanITION in an analysis includes combined water
and carbon dioxide, sulphur and organic matter which may be
present.



CHAPTER III

- PHYSICAL PROPERTIES AND TESTS OF CLAYS

The physical tests of greatest practical importance to the
clay worker are those on plasticity, strength, air shrinkage,
burning and fusibility, fineness of grain, slaking and specific
gravity. Much of the information given in this and the
preceding chapter is of a general character and is familiar
to clay technologists, but not to the average clay worker or
to those proposing to invest in clay industries and who have
not made a scientific study of clays. These chapters are
essential to a correct understanding of the tests given in a
subsequent part of the report. In writing this part of the
report the author as much as possible has given concrete ex-
amples and specific allusions to Georgia clays.

- PrasTIcIiTY

Plasticity in clays is the property which they possess, when
mixed with water, of being moulded into desired shapes and
of retaining their shape after moulding. A number of theo-
ries have been advanced in explanation of this valuable prop-
erty of clays, but clay technologists are not yet agreed upon
the cause of it. Likewise, no practical method has been
devised of measuring plasticity, and the loose terms used to
describe are of little value for comparative purposes. The
description of the plasticity ‘of clays is a matter of judgment
and will vary with the individual. Plasticity is expressed in
such terms as plastic, very plastic, or highly plastic, of medium
plasticity, or poorly plastic. Very fine grained, plastic or
unctuous clays are described commonly as ‘‘fat,’” while coarse
grained, sandy clays, or those lacking in plasticity, are termed
“‘short’’ or ‘‘lean.”” These terms, however, can at best but
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convey a hazy idea to the mind, until one has a wide experience
with different kinds of clays from widely separated localities
and can form a comparison from mental pictures of clays with
which he is familiar and which are types of different kinds of
plasticity. The soft white clays of Dry Branch may be con-
sidered the most highly plastic clays in the State. Some
rough estimate of the plasticity of a clay may be obtained by
rolling out in the hand a small eylinder of the wet clay 15 or 1
inch in diameter, and noting the degree to which it can be bent
without rupture and breaking. ‘

The amount of water required to develop the plasticity
of a clay is of much practical importance. The finer the
grain and the greater the pore space, the more water is
required to develop maximum plasticity. Ordinary brick
clays and shales require 15 to 30 per cent. of water; the
plastic kaolins of (teorgia required 30 to 45 per cent. to
develop their maximum plasticity. As an exceptional case
the fuller’s earth from Attapulgus, Decatur county, requires
90 per cent. of water to develop what poor plasticity it pos-
sesses.

Brick clays are not required to possess as much plasticity
as some clays used for other wares, and often very sandy or
“lean’’ clays possessing but very little plasticity are used.
Where brick are made by the stiff mud process it is not neces-
sary to develop the maximum plasticity of the clay. Fire
clays are often very lean or non-plastic and it is necessary to
mix a plastic clay with them. Clays used for sewer-pipe,
drain tile and roofing tile should have good plasticity, and
this is also an essential property of pottery clays. Residual
~ kaolins have only poor plasticity, the sedimentary kaolins,
like those of Georgia, and ball clays are highly plastic.
Sedimentary clays, with the exception of some metamor-
phosed shales, are generally more plastic than residual clays.

Plasticity generally bears a relation to air shrinkage and
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drying qualities of clays—those clays which are most plastic
have the highest air shrinkage and are more likely to erack
in drying. There are exceptions to this, however. Some
Georgia clays approaching fuller’s earths in composition
were observed to have excessive air shrinkage, yet were only
moderately plastic; also, some of the white clays of the
Coastal Plain, are observed to be very plastic, but show much
lower shrinkage in drying than would be expected.

STRENGTH

The air dried strength of a clay is a very important prop-
erty in the manufacture of clay products. The water mixed
with the clay to develop its plasticity, is expelled by drying,
and as the water is evaporated the clay particles are drawn
closely together, and the cohesion of the grains gives the
clay strength. The strength of some clays is thought to be
partly due to an interlocking of the clay grains. The cement-
ing power of colloidal matter (jelly-like or glue-like sub-
stance) formed by the action of water upon clay particles
will perhaps be found to be the chief cause of strength.

The air dried strength of clays enables them to be handled
and to resist shocks before burning, without serious loss from
breakage. Clays must also possess air dried strength in
order to stand compressive weight without crushing as in
the case of brick and sewer-pipe. Strength tests are always
given as tensile strength, although it might seem more desir-
able to determine the compressive strength, but the tensile
strength, however, will be found to bear a close relation to
compressive strength. The strength of a clay also gives some
information as to the amount of non-plastic matter which a .
clay will stand. In the use of some clays for certain pur-
poses it is often necessary to add sand or other non-plastic
matter to them.

In the laboratory, tensile strength is determined by
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measuring, in a machine, the power required for pulling apart
air dried briquettes of one inch cross section. In making the
tests on the Georgia clays a Fairbanks cement testing machine
was used, and the clay to be tested was made into briquettes
similar to those used in cement testing. The clays were
worked up to their best placticity and carefully moulded to
prevent flaws; it was found that the best results were obtained
by taking a single piece of clay a little larger than the mould
and pressing it firmly into the mould and then trimming off
the excess with a sharp spatula. The clays were first air
dried in a closed room, special care being taken to prevent
too rapid drying and to prevent the cracking and warping
which highly plastic clays are subject too. Before breaking
in the machine the briquettes were further dried in an air
-bath at 212° F. Ordinarily only 5 or 6 briquettes of each
clay were broken, but when a clay was likely to show great
variation in the strength tests, as many as 12 or 15 briquettes
were made and broken.

The strength of the Georgia clays tested ranged from 10
pounds (or less) to 320 pounds per square inch. The plastic
kaolins and purer fire clays ranged from 10 pounds and less
to 150 pounds per square inch; the indurated fire clays or
flint clays did not exceed 20 pounds; the bauxite clays of
Northwest Georgia were very low and crumbled before their
strength could be measured. The brick clays other than
shales give from 40 to 320 pounds; the shales of the Paleo-

© zoic region, from 20 to 75 pounds. Some of the plastic white
clays of the Cretaceous formation showed very high strength;
a white clay of high purity from Griswoldville showed a
. maximum of 135 pounds-per square inch. High strength in
clays of such purity is very unusual. The shales of Georgia
are much lower in strength than those of the Coal Measures
of Ohio, Indiana, Towa, Missouri and other States which are
extensively used for brick and other purposes.
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Tests on clays from various States have ranged from
0 to 487! pounds per square inch. Kaolins are usually low in
strength and in using them in the manufacture of porcelain
and chinaware, it is necessary to mix ball clays with them to
increase their plasticity and strength. The sedimentary
kaolins have greater strength than the residual kaolins; in two
Georgia kaolins the tensile strength exceeded 100 pounds.
Brick clays should have a strength above 50 pounds and pre-
ferably 100 pounds. Clays showing less than 50 pounds are -
used for brick purposes, but the loss encountered from break-
age 1s often serious. The tensile strength of paving-brick clays
should be as high or higher than that of common brick; pot-
tery clays should have a strength of 100 pounds, though clays
of lower strength are used; sewer-pipe clays should possess
a strength above 100 pounds. Clays used in the manufacture
of fire clay products will vary according to the particular
product. Clays having a strength not exceeding 20 pounds
are used, while for some purposes a high strength or bonding
power is requisite.

DryiNG SHRINKAGE

The diminution in volume of clay, due to the loss by
evaporation of the water used in developing plasticity, is
termed its air shrinkage or drying shrinkage. The latter
term is perhaps preferable, since clay products are not so
generally dried in the open air as formerly, but are now
dried by artificial heat. In those products where exact and
uniform sizes are required the importance of a knowledge of
the shrinkage of the clay being used is readily apparent.
Even in the case of clays used for common building brick, it is
essential that the brick-maker have at least some knowledge
of the approximate drying shrinkage of his clay. The shrink-
age is very often an index as to the rapidity with which a

1. H. Ries, Clays, Occurrence, Properties and Uses, p. 123,
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clay can be dried—a high shrinkage generally denotes a plastic
or ‘‘tender’’ clay which is liable to crack and warp if dried
rapidly, while low shrinkage indicates a ‘‘lean’’ or coarse
sandy clay which can be, dried rapidly or placed in the kilns
before completely dry, without danger of cracking.

The shrinkage measurements given in this report are lin-
ear measurements, made upon small bricklets 4 inches in
length. Lines were drawn with the sharp point of a pen knife
and measured to 1/100 of an inch, before and after drying
and the shrinkage expressed in terms of the wet length.
Comparative shrinkage measurements with a standard size
brick 8x414x23) inches, and the small bricklet used in the
laboratory tests showed no appreciable differences. The
shrinkage measurements obtained in the laboratory will gener-
ally be found slightly greater than those obtained in actual
practice. In making the shrinkage tests each clay was run
through a 40 mesh sieve, worked to its best plasticity and
dried at 100°C. in order to obtain results of value for com-
parison. In the practical working of a clay it may be either
finer or coarser grained, smaller percentage of water used in
mixing and worked to greater density by machine moulding,
all of which would produce variations in shrinkage.

The shrinkage of the Georgia clays tested ranged from less
than 1 per cent. in very hard flint clays and coarse sandy
brick clays to 17 per cent. in a very fine grained, minutely
porous fuller’s earth. If the shrinkage is above 5 or 6 per
cent. it may be considered high, if above 10 or 12 per cent.
it is excessive. The Georgia plastic kaolins and fire clays
of the Coastal Plain ranged approximately from 3 to 9 per
cent.; the bauxite clays showed low shrinkage, 2 to 6 per
‘cent.; the brick clays, other than shales, showed from 1 to
17 per cent.; the shales of the Paleozoic area gave from 1
to 7 per cent.
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It often becomes necessary to reduce the shrinkage of a
clay in order to successfully utilize it in the manufacture of
clay products. The most common anti-shrinkage agent is
sand or sandy loam. Coarse sand is more effective than fine
sand, and when the sand is extremely fine, no appreciable
lessening of the shrinkage takes place unless a very high per-
centage is added. The addition of sand or other non-plastic
material to a clay, reduces its plasticity and strength, and
makes the burned product more porous, so that the amount
of non-plastic material which can be safely added will be
determined by the peculiar properties of the clay.

Burxixng Trsts

In making burning tests on clay, tests and observations
should be made for fusibility and degree of fusion at various
temperatures, shrinkage at different temperatures, color
under various conditions, and other phenomena which clays
might exhibit, as swelling, warping, etc., which it would be
necessary to know in forming an opinion as to the value and
uses of a clay.

In making tests on Georgia clays a small gas-fired labora-
tory kiln was used for low temperatures and the Deville
furnace, fired with coke, was used for determining the fusibil-
ity of refractory and semi-refractory clays. For testing,
small bricklets 314x114x14 inches and 314x114x1 inches were
used. It is to be regretted that large samples could not be
burned and that the tests could not be made under conditions
more closely approximating those in actual practice, but
neither the time nor equipment was available.

For obtaining temperatures, the series of pyrometric
cones, manufactured by Prof. Edward Orton, Jr., Columbus,
Ohio, were used. The following is a table giving the approx-
imate temperatures of fusion of the cones in Centigrade and
Fahrenheit:
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FUSION POINT FUSION POINT

No. of Cone. . Cent. Fahr. No.of Cone. Cent. Fahr.
022 590 1094 8 1290 2354
021 620 1148 9 1310 2390
020 650 1202 10 1330 2426
- 019 680 1256 11 1350 2462
018 710 . 1310 12 1370 2498
017 740 1364 13 1390 . 2534
016 770 1418 14 1410 2570
015 800 1472 15 1430 2606
014 830 1526 16 1450 2642
013 860 1580 17 1470 2678
012 890 1634 18 1490 2714
011 920 1688 19 1510 2750
010 950 1742 20 1530 2786
09 970 1778 21 1550 2822
08 990 1814 22 1570 2858
07 1010 1850 23 1590 2894
06 1030 1886 24 1610 2930
05 1050 1922 25 1630 2966
04 1070 1958 26 1650 3002
03 1090 1994 27 1670 3038
02 1110 2030 28 1690 3074
01 - 1130 2066 29 1710 3110
1 1150 2102 30 1730 3146

2 1170 2138 31 1750 3182
3 1190 2174 32 1770 3218
4 1210 2210 33 1790 3254
5 1230 2246 34 1810 3290
6 1250 2282 35 1830 3326
7 1270 2318 36 1850 3362

Fusmsmiry.—During the early stages of the burning of a
clay, the hygroscopic water or moisture and the combined
water and volatile elements, as sulphur dioxide, carbon diox-
ide, and organic and carbonaceous matter are driven off.
This takes place at a temperature below 1000° C. After the
volatile elements are driven off the clay is in a more or less
porous condition and no shrinkage has taken place, but on
the contrary there may be a slight expansion. At low tem-
peratures, a fusion or melting of some of the more fusible con-
stituents of the clay takes place; this fusion of the mass
gradually increases until it becomes glassy or vitrified and
only coarse quartz grains can be recognized. Beyond the
vitrification stage, with increase of temperature, the clay be-
comes viscous and flows or is completely melted. In the man-
ufacture of clay wares, it may be necessary to burn the clay
only to the point at which there is a partial fusion, or merely
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a sufficient fusion to bind the mass together while the greater
part of the mineral constituents are unfused, as in the case of
soft burned brick; or for other wares it may be necessary to
effect sufficient fusion to make the product steel hard, or to
bring the mass to such a state that it is more or less glassy
and the mineral constituents have lost their identity, or to
vitrification. ,

The fusion of a clay, or the temperatures required to bring
the clay into such a condition as the use of the product made
from it demands, depends upon a number of variable factors,
as the mineralogical and chemical composition, texture or
size of the grains composing the clay, conditions of firing and
rate of firing. In general those clays having high percent-
ages of fluxes as shown by the ultimate analysis will have low
fusing points, as for example we know that a brick clay will
fuse at a lower temperature than a kaolin or fire clay. How-
ever, an opinion as to the burning properties of a clay based
upon the ultimate analysis alone, is liable to grave error, since
the analysis gives no indication of the texture of the clay and
the manner in which the oxides are combined, or its mineral-
ogical composition and its homogeneity, or the distribution of
compounds in the clay, all of which affect its fusion. It has
been observed in numerous instances that clays of nearly the
same chemical composition may have widely separated fusing
points. .

In regard to effect of conditions of burning it is also be-
lieved that fusion is brought about at a lower temperature in
an oxidizing atmosphere than in a reducing one. It has like-
wise been observed that fusion can be effected at a lower tem-
perature by long continued slow firing, than by very rapid
heating. Co ‘

The points at which clays will completely fuse or melt
ranges from approximately cone 07 in the case of very im-
pure shales to cone 36 in the case of kaolins, while it is prob-
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able that some clays containing a percentage of bauxite will
exceed cone 36.

It is only in the case of fire clays that it is essential to test
for high refractoriness and the useful properties of burned
clay products is developed at vitrification and the lower stages
of fusion. The following is a table given by H. Ries! of the
approximate cones used in the burning of various clay prod-
ucts in the United States:

Cones
Common briek ........c.iiuiiiinieiiniinsneannes. 012—01
Hard-burned, common brick...............ciiuienn. 1— 2
Buff front brick ................. e 5— 9
Hollow blocks and fireproofing...................... 03— 1
Terra Cotta .. .vniirennnenneeennnennenecanennnnn 02— 7
Conduits .....ooriiiivi it iiriiinitanneenasnans 7— 8
White earthenware ..........voeieieiniienrennanns 8—9
Fire Dricks ....iveniieniiiii ittt ienerennsonananas 5—18
Porcelaln ......c.iiiiiiieiiiiit ittt 11—13
Red earthenware ...........cceiiinieriinrnnnnnnnn. 010—05
BtomewWaTe ...t i i it it e 6— 8

In the laboratory testing, the clays were burned at tem-
peratures approximating those used in practice and the effect
at the different temperatures noted. Thus a brick clay might
be burned at cones 07, 05, 01, 2, and 5, and at these different
cones would be observed to change from a soft salmon at
cone 07 to bright red and steel hard at cone 01, and complete
vitrification at cone 2, and viscosity at cone 5.

e SmriNkaGE.—After the combined water and volatile
elements in a clay are driven off, it is left more or less porous,
in addition to its porosity caused by the grains composing
the clay, not fitting closely together. As fusion begins, the
pore spaces are closed up by the melting of the constituent
grains of the clay, thereby causing a gradual shrinkage in
volume, until the point of vifrification is reached, when the
mass becomes homogeneous and non-porous. Beyond vitri-
fication there may be expansion due to the volatilization of
the clay.

1. Clays, Oceurrenée, Properties and Uses, p. 153.
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The amount of fire shrinkage shown by clays ranges from
less than one per cent., in very coarse sandy brick clays, to as
high as 20 per cent. in a very porous fine-grained clay. High
shrinkage is usually accompanied by warping or cracking.
Shrinkage above six or seven per cent. may be considered
high. Kaolins and the purer clays generally show the high-
est fire shrinkage, though some impure clays, in the nature of
fuller’s earth, in Georgia, showed shrinkage exceeding 20
per cent.

In the manufacture of encaustic tile, electrical porcelain
or any other ware where exact and uniform sizes are required,
the control of fire shrinkage becomes an important problem.
Sand and grog (ground brick, saggers, etc.) are mixed with a
clay to reduce fire shrinkage.

In measuring the fire shrinkage of the Georgia clays the
dried bricklet was measured to 1/100 inch before and after
burning and the fire shrinkage expressed in terms of the
length of the dried bricklet. Since shrinkage begins at incip-
ient fusion and increases to vitrification, the bricklets are
drawn from the kiln at different temperatures in order to de-
termine the amount of shrinkage and the rate of shrinkage.

Covror 1N Burnineg.—Since color plays such an important
role in the value of clay products, observations on color are
an essential part of clay testing. Iron compounds both in
the burned and unburned clay are the chief coloring agents,
but neither the shade nor depth of color in the raw clay nor
the amount of iron shown by analysis is any sure index to the
burned color. In general one may be reasonably certain that
a clay which is yellow, red or brown in nature will burn to
some shade of red under oxidizing conditions in the kiln and
‘at temperatures approaching vitrification, also that a clay
containing more than three or four per cent. of iron oxide;
Fe,0,, in the analysis, will burn some shade of red providing
there is no excess of lime to neutralize its coloring effect.
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The ultimate analysis gives us neither the form in which the
iron exists nor its distribution. _

Temperature in burning plays an important part in pro-
ducing color effects. Generally the depth of color increases
with the temperature. For example, some white clays may
show no trace of color at cone 4, but develop a decided eream
color at cone 9. It is most often in the examination of white
clays which are likely to prove suitable for the higher grades
of clay wares, that predictions of the burned color are based
upon the amount of iron shown by the chemical analysis, but
the errors are offen as serious as in other clays.

The kiln conditions likewise affect the color, whether
oxidizing or reducing. The iron is converted into ferric form
under oxidizing conditions and in this form its red color effect
is stronger, while reducing gases tend to convert a red color
into a bluish or bluish-black.

TEXTURE

The size of the grains composing clay varies from that of
small pebbles to particles so extremely minute as to remain
in suspension in water for several days and be beyond the
measurement of the highest power microscopes. The coarse-
ness or fineness of grain in clays plays an important part in
their plasticity, strength, fusibility, shrinkage and color.
The clay grains may be of a comparatively uniform size or
there may be a variation in sizes. In examination of the
plastic kaolins of the Fall Line of Georgia, it was observed
that in some cases above 95 per cent. of the clay passed a 200
mesh sieve, and upon being agitated in a large beaker of
water a sufficient amount of the clay remained in suspension
to make the water milky for a period of a week and over.

SLAKING

The slaking of clays is the property they have, when dry,
of crumbling and disintegrating into pulverulent mass when
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placed in an excess of water. Slaking has some practical
bearing upon the utilization of clays. The ‘‘weathering’’ or
slaking of shales increases their plasticity and facilitates tem-
pering, and those clays used in the manufacture of paper as a
filler should slake readily, since clays that become finely pul-
verulent have greater plasticity and spread more evenly,
while those which are lumpy leave ‘‘clay spots’’ on the paper.
Thus the property of slaking may be of especial interest to
clay miners in Georgia, since large deposits of paper clays
exist and are mined and sold in extensive quantities. Slaking
also has a bearing on the washing of a clay, since washing is
facilitated by the ready disintegration of the clay.

In slaking, the water first fills the pore spaces of the clay;
then the partioles of clay are entirely surrounded by a film of
water, being separated from each other by thickness of the
film thus causing an increase in the volume of the clay. When
an excess of water is added, the clay grains become so far
separated from each other that the clay mass crumbles. The
process seems to be entirely physical and it is doubtful if any
disintegration is due to chemical action, as in the slaking of
quick lime. Thus it may be perceived that a clay which has
undergone a considerable degree of consolidation, as shales,
or those which are cemented by lime, iron or silica would slake
very slowly. Soft kaolins slake completely within a few
minutes, while some shales and very hard flint clays slake with
extreme slowness or not at all. '

In order to make comparative tests on the slaking of clays,
one inch cubes were dried in air bath at 212° C. and were im-
mersed in 250 CC. of water at 25° C. and the time noted for
plete disintegration. The degree and time of slaking depend
upon the mass of the clay, freedom from moisture, the tem-
perature of the water and the purity of the water. The
rapidity of slaking increases directly as the temperature of
the water up to the boiling point. Any substance which in-
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creases the density of the water, retards the slaking of the
clay—alum and common salt placed in the water produced
a very marked retardation. Tests are of no value for com-
parison unless the samples are free from moisture, as the
presence of a small amount before immersion retards the
slaking. When the clay is perfectly dry, and is immersed in
water there is a hissing sound, and the expulsion of the air
frequently takes place with such force that drops of water are
blown from the vessel containing the water.

The following are comparative slaking tests made upon
Georgia clays:

Spaking TEesT

Time  Degree of slaking

Paper clay, Georgia Kaolin Co....... 6 min. fine powder
Paper clay, American Clay Co....... 3 min. fine powder
Paper clay, Atlanta Mining &
Clay Co..ovvviiiviiieinnan... 5 min. fine powder
Paper clay, Albion Kaolin Co........ 4 min. fine powder
Flint eclay, Gibson.................. .. .... mno slaking
Paper clay, Butler................... 4 min. pulverulent
Plastic white clay, Gibson........... 5 min. flaky
White eclay, Perry.................. 21 min. lumpy
Fire clay, Copperas Bluff............ 214 min. eoarse granules
Fire clay, Carr’s Station............ 7 min. flaky
White, plastic clay, J. T. Hatfield.... 7 min. granular
‘White clay, Rico mine.............. 4 min. complete
Pottery clay, I. Mandle.............. 10 min. slightly mealy
Shale, Chatsworth .................. 4 days very slight disintegration
Bauxite clay, Hampton mine, Cave
Spring ... 4 min. coarse, angular
Fuller’s earth, Twiggs county........ 20 min. very fine flakes
White elay, Van Buren ............. 6 min. fine powder
White elay, Carswell, McIntyre ..... 31 min. slightly granular
‘White clay, Chalker ................ 5 min. coarse granules
White clay, Byron .................. 5 min. coarse flakes
Terra cotta clay, Aragon............ splits into coarse flakes, but
does not show complete dis-
integration.
Shale, Calhoun ..................... only very slight disintegration

The specific gravities of the following clays were deter-
mined by the pyenometer® method:

1. The determinations were made by Dr. Edgar Everhart, chemist of the
Geological Survey of Georgia.
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SeecrFIo GrRAVITY

Washed kaolin, Griswoldville.......c.ooevusoescreeceens 2.62°
Plastic kaolin, Griswoldville........cooeeeeenrrreerrones 2.39
Bauxitic kaolin, Rome.......ccovveeviiireniiisnctanns 2.45
Bauxitic kaolin, Rome.......oviiiieeennnrennassnnns . 2.34
Fuller’s earth, Attapulgus......cccvviiviinnnnnranannns 2.21
Fuller’s earth, Bibb eounty.....coeevnerranucaaeranes .. 217
Plastic kaolin, Atlanta Mining & Clay Co.....covvvvnene 2.61
Plastic kaolin, Georgia Kaolin Co......... eedesaareneas 2.61
Plastic kaolin, MeIntyre.....cocveennssicrascsccasennses 2.48
Plastic kaolin, I. Mandle & Co.....cccovvuirnenenns veees 252
Stained kaolin, N. T. Carswell............ N reess 2.64
Flint clay, Gibson.....cvvvvneriurnniiinensiesnesonnas 2.43
Plastic kaolin, Gibson........eviivieennnns B . 2,69
Bauxitic kaolin, Hermitage.......ccveuereencrsnasvenes 2.45
Roofing-tile clay, Ludowici....cvueeeerveerernenrennass 250
Fire clay, Fort Valley.......coiiiiiniernacrcanannanns 2.59
Brick clay, Telfair county......ccoveeiiiieeriivecannns 2.60
Brick and pottery clay, Turin, Chas. T. Moses.......... 2.50
Fire and terra cotta clay, Aragon......covevvvunneennsn 2.62

Bauxitie kaolin, Cave Spring........covveevivnniennnes 2.54
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CHAPTER IV

THE GEOLOGICAL DISTRIBUTION OF THE CLAYS
OF GEORGIA

The clays of Georgia of commercial value have a wide
geological distribution, ranging from the pre-Cambrian
igneous and metamorphie rocks to the alluvial deposits of the
Pleistocene. The following is a table of the successive geo-
logical formations found in the State.

TABLE oF (E0L0GICAL FORMATIONS

Pleistocene { Columbia

r Pliocene { A%?:;ﬁ:e (1)

Miocene '
Tertiary < on Chattahoochee group
Oligocene { (undifferentiated)
Vieksburg-Jackson
_ Eocene ¢ Claiborne
' Midway-Sabine
( Ripley

Cretaceons Upper Cretaceous { Butaw
) Lower Cretaceous (Tuscaloosa)

‘Walden sandstone

Lookout sandstone

Bangor limestone
L

Carboniferous Oxmoor sandstone
Floyd shales
Fort Payne chert
Chattanooga shale
Devonian Frog Mountain sandstone

Armuchee chert
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Rockwood formation
Rockmart slate

Silurian Chickamauga limestone
Knox dolomite (upper part)
Knox dolomite (lower part)
Conasauga shale

Cambrian Rome formation

|

4
Beaver limestone
Weisner quartzite

Pre-Cambrian Igneous and metamorphic rocks

THE PLEISTOCENE

The Columbia! formation has two distincet phases in Geor-
gia, an alluvial or ‘‘second bottom’’ phase, and an inter-
stream or sand-hill phase. The Columbia alluvium is typi-
cally developed in the upper part of the Coastal Plain along
the larger streams, the Chattahoochee, Flint, Ocmulgee,
Oconee and Savannah rivers. This alluvium was deposited
during the late inundation stage when the large streams of the
Coastal Plain were converted into estuaries and their upper
courses flooded. The formation is confined to the courses of
the large streams, and in the lower part of the Coastal Plain
may merge into the earlier sand phase of the Columbia.

Good exposures of the ‘“‘second-bottom’’ alluvium may be
seen at Columbus, Macon and Augusta on the Fall Line. It
consists mainly of irregularly stratified, loamy sand and
small gravel, with pockets or lenses of plastic and sandy clays.
It probably does not exceed 40 feet in thickness at any point.
The clay lenses do not exceed 15 or 20 feet in thickness and
the average is 6 or 8 feet along the Fall Line. The general
section in the clay pits examined. at Columbus, Macon and
Augusta, is in descending order:

1. The name Columbia was applied by W. J. McGee. 12th Ann, U. 8.
G. 8., part L.
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Loam and sand. ....coenvrieieeinennenianenn. 1 to 2 feet
Yellow or brownish clay, usually with black,

iron oxide aceretions ..................... .
3 Bluish, stiff, plastic elay............c...i0t. _—
4 Fine sand and gravel..........c.covunnn. OV

Lo =

The sand is usually yellow or red from iron oxide, but may
be in places almost pure white. '

The alluvium was mainly derived from the crytalline rocks
of the Piedmont region, but the character of the material
along the lower courses is affected to some extent by the Cre-
taceous and Tertiary marls and limestones over which the
streams flow. ' ‘

'
e

Fig. 3.—Longitudinal Section of an Alluvial Plain bordering a Coastal

Plain River. The Horizontal Lines represent Clay; the Dots, Sand. :
The clay of the Columbia alluvium is ‘plas,tic, possesses
good strength and is red burning. It is generally non-calca-
reous or contains only a very small percentage of lime; iron
oxide is the principal fluxing impurity. It is being success-
fully used for common and repressed brick, sewer-pipe, drain-

tile and roofing-tile. S A _

. Locavrries.—The following are the principal localities
where the Columbia alluvium may be seen and is being util-
ized: Columbus, banks of the Chattahoochee River, and G. O.
Berry and Shepherd Brothers brick yards; Macon; used ex-
tensively for common brick, sewer-pipe and drain-tile; Mil-
ledgeville, J. M. McMillan; Augusta, used extensively for
common brick; Ludowici, used for roofing-tile; Lumber City,
Mount Vernon, Omaha, Georgetown, Bainbridge. There are
extensive undeveloped deposits in the ‘‘second bottoms’’ of.
the large rivers of the Coastal Plain. The alluvial belt along

these large rivers varies from one-half mile to five miles in
width.



68 THE CLAY DEPOSITS OF GEORGIA
CoLumMBia SanD

The Columbia sand is older than the alluvium above de-
scribed. In distribution it forms a thin mantle over the
greater part of the entire Coastal Plain and laps over, in
places, into the Crystalline area. It consists of gray or
brown, fine sand, containing rarely small pebbles, and is
loose and unconsolidated, and seldom shows lines of stratifi-
cation. In origin it is a shallow water or beach deposit; on
account of its fine and loose texture it has been shifted by
winds and shows in places a wind structure. The sands consists
mainly of quartz, stained by iron oxide, and small amounts of
mica and other minerals derived from igneous rocks. It
varies in thickness from 0 to 50 or 60 feet, with the average
over the entire Coastal Plain not exceeding 10 feet, and prob-
ably much less. The Columbia sand overlies unconformably
all of the Cretaceous and Tertiary formations, in places en-
tirely concealing them. The sand-hill or Fall Line phase of
the formation is typically represented in the vicinity of
Augusta and near Butler and Howard in Taylor county. In
the southern and southeastern parts of the Coastal Plain, it
generally forms a flat featureless plain, but it is often heaped
up into hills or dunes along the stream courses. The forma-
tion is prominent as a loose, gray, surface sand in the counties
of Charlton, Camden, Chatham, Effingham and other counties
in southeastern Georgia. It is not clay bearing, and hence is of
but little interest to the clay worker, except in its relations to
other clay bearing formations. ‘

In Chatham and Glynn counties small deposits of plastic
clays were observed, evidently of Pleistocene age,—probably
later than the Columbia sand. Recent oyster shells were ob-
served in some of these deposits, which show them fo be of
marine origin. These deposits are usually small in area, and
as far as explored are only a few feet in thickness, though in
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an exceptional case near Savannah, 22 feet of clay was found
by boring. These marine, Pleistocene deposits in the coast
counties may be of value for common brick purposes. The
only locality where they are at present used, is at Pooler, nine
miles west of Savannah.

TERTIARY FORMATIONS

LAFAYETTE

The Lafayette formation has not been closely discriminated
in Georgia, and the exact status of the term Lafayette in this
State has not been firmly established. No attempt has here-
tofore been made to differentiate the formation from other
formations of the Coastal Plain and map it in detail. W J
McGee! studied the Lafayette in Georgia and regarded it as
an extensive, superficial formation overlying the whole Coas-
tal Plain, and in a general map of southeastern United States
gives its distribution in Georgia. It is believed that hereto-
fore certain red sands and gravel of the Kocene and Creta-
ceous formations, closely similar, have been confused with the
Lafayette, and that the Lafayette, as described by McGee, and
the Altamaha formations are equivalent in the Southern part
of the State. The red loamy sand and coarse gravel capping
the hills at Columbus, Macon and Augusta, and described by
MecGee? as Lafayette, can not be recognized on the divides
between the Chattahoochee, Flint, Ocmulgee, Oconee and
Savannah rivers, and do not overlie the intervening country
between the above cities. The deposits flanking the large
streams, may be a later estuarine phase of the extensive
Altamaha formation. The writer proposes that the term
Lafayette be retained for these deposits. The formation con-
tains no fossil criteria for determining its age; it is younger

1. T. 8. Geol, Surv, 12th Ann, part I.
2. TU.S8. Geol, Surv, 12th Ann, part 1.
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than the Altamaha and is perhaps Pleistocene rather than
Tertiary.

The Lafayette capping the second terraces and mantling
the higher hills at Augusta, Macon and Columbus on the Fall
Line, is a bright red, loamy sand, crossbedded and rudely
stratified, and coarse quartz and quartzite well-rounded peb-
bles, which may attain a diameter of 4 or 5 inches. The form-
ation rests unconformably upon the lower Cretaceous or Tus-
caloosa strata, from which it may be readily distinguished by
its greater coarseness and higher iron content. The thickness
of the formation has not been accurately determined, but it is
not great. The formation as here described, contains no com-
mercially important clay beds. It may overlie the valuable
clays of the Cretaceous formations and should be distin-
guished from that formation.

Artamaaa FormaTION

The Altamaha formation, as. here described, undoubtedly
includes much that has heretofore been classed as Lafayette in
South Georgia. The Altamaha formation as studied by R. H.
Loughridge! and W. H. Dall? was.classed as Miocene; but later
investigation by the writer, Prof. S. W. McCallie, and others,
would tend to pldce it in the Pliocene. The Altamaha forma-
tion is the most extensive in the State, covering as it does
about 3/5 of the entire Coastal Plain. From the Atlantic coast
and the Florida boundary line, the formation extends north-
ward into Burke county, thence going in a southwestward
course, its northern extent is marked by the towns of Tennille,
Dublin, Hawkinsville and Vienna to Flint River. West of
Flint River no formation has been identified with certainty as
the Altamaha; in Decatur county in the extreme southwest
corner of the State there is a probable occurrence. The areal

1. Tenth Census, Georgia.
2. TU.S.G.S. Bulletin 84, p. 81.
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extent of the formation is approximately represented by the
post Eocene color on the geological map accompanying this
report. It is possible that in future work, the extensive area -
above bounded, will be further differentiated.

The formation is of much importahce on account of its
contained clay beds. Throughout much of southern Georgia,
it is the only geological formation present, and furnishes the
only source of clay for brick purposes. The Altamaha as a
whole, is a great mantle of sand, gravel and clay which over-
lies nearly all of the earlier Tertiary deposits. As a whole,
it is homogenous and consists of yellow and red sand and both
massive and stratified layers of gritty clay, with local areas
of indurated grits or sandstone and clay. It attains a maxi-
mum thickness of 350 feet or more. The surface aspect which
is peculiarly characteristic throughout the terrane, is a mot-
tled or ‘“calico’’ effect, which is due to the unequal weather-
ing and oxidation of iron minerals. The formation is a
marine or estuarine deposit and the material composing it
was derived from the crystalline rocks of the Piedmont
region.

The sand of the formation is usually coarse quartz sand,
red and yellow or orange in color and has occasionally a
brownish tint; it is always more or less argillaceous, and
contains layers of small quartz and quartzite pebbles. The
grit or sandstone feature is a gray or greenish, aluminous
sandstone, more or less mottled and stained by iron oxide.
The percentage of clay in the indurated rock varies from 5
to.10 per cent. to such a high percentage, that the rock is an
indurated clay rather than a sandstone. The rock may be
very hard and even glassy and quartzitic in appearance, but
is generally soft and friable.

The clay of the Altamaha formation is fairly uniform in
texture and composition throughout the area. It is greenish
or drab.in color, very fine grained and plastic- and always
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more or less sandy. - It occurs as irregular pockets or lenses
and in thin layers or leaves, never persisting as individual
beds over any large area. A tolerably characteristic appear-
ance throughout is a greenish clay full of coarse angular
quartz pebbles and subangular, decomposed feldspar. The
clays may be locally indurated, and then are lacking wholly in
plasticity. The clays are generally red burning, but at a few
points white clays have been noted which contain only a small
percentage of iron oxide. The clays are interstratified with
friable sand and may occur as thin layers or leaves, not more
than an inch thick. The strata lie almost horizontal and are
in no place disturbed by faulting or folding. As above men-
tioned, there is no individual clay bed which persists over a
large area, but the clay occurs in pockets of irregular thick-
ness which may grade into or be replaced by sand and sand-
stone. The formation is predominately a sand formation,
and it is not at every point that sufficient clay occurs near the
surface for the establishment of brick plants.

The clay does not vary greatly in chemical composition
and physical properties throughout the area. Iron oxide is
the chief fluxing impurity, and it is low in lime, magnesia and
the alkalies. The clay is never carbonaceous and is free from
pyrite and lime concretions, but frequently contains small
flattened nodules of silica. It is generally necessary to mix
sand with it to improve its working qualities and counteract
excessive air shrinkage and prevent cracking in drying. It
possesses good air-dried strength, attaining as much as 275
pounds per square inch. The burned product is usually por-
ous on account of the high sand content. The clay does not
give promise of being sunitable for any other products than
common building brick.

Locavrries.—The clay of the Altamaha has been utilized at
only a few localities.  There are many undeveloped' deposits
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F16. 1.—Saxp Pir, Ccr.umBiA SAND, HOWARD, GEORGIA.

F16. 2.—SAND STREAM, CRETACEOUS, NORTHERN PART OF MARION COUNTY.
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which could be used to supply a local demand for common
brick. The following are points where this clay is being
utilized: Waynesville, Waynesville Brick Company; Odessa,
common brick; Douglas, common brick. The clay occurs in
abundance convenient to railways in Decatur and Grady coun-
ties; both soft and indurated clays of the formation are prom-
inent in Laurens county south of Dublin; good exposures of
the sand and clay of the formation may be seen in the cuts
of the Southern Railway in Telfair and Dodge counties; also
in the cuts of the Seaboard Air Line Railroad in Toombs,
Montgomery, Dodge and Wilcox counties, and along the At-
lantic Coast Line Railroad in Worth, Tift and Coffee counties.
There are also numerous exposures in the railroad cuts in
Emanuel county.

MI0CENE

The Miocene in Georgia has not been closely studied and
has not been differentiated from other Tertiary formations.
It has been recognized in the bluffs of the Altamaha River at
Doctortown where it is overlain by 30 feet of sand belonging
to the Altamaha formation. It probably has a limited
~occurrence along the Atlantic coast. Exposures are rare, as
it is largely concealed by Pliocene and Pleistocene sands. It
is not known to contain any valuable clays.

OLIGOCENE

The Oligocene in Georgia is of wide areal distribution,
though but little detailed information about its character and
extent has been published.

Rocks of the Chattahoochee group are well exposed in the
gorge northwest of Faceville, in Decatur county, and in the
sink at Forest Falls, Grady county. The Chattahoochee group

1. Scienee, N, 8., XH, pp. 873-75, Dee. 7, 1900.
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was formerly considered Miocene, but by the labors of Dr. W.
H. Dall, the nomenclature has been revised and Oligocene sub-
stituted for the ‘‘old Miocene,’’ since he was able to correlate
the fauna of the Miocene with the Antillean Oligocene. By
the work of Dr. T. W. Vaughan' of the U. S. Geological
Survey in Decatur county, Georgia, the lower Chattahoochee,
has been correlated with the Oligocene of the island of Anti-
gua. The formation consists mainly of limestone and marl.

Fossils collected by the writer from a shell marl and sandy
clay near Traders Hill in Charlton county, were submitted to
Dr. W. H. Dall, who regarded the formation here as probable
Oligocene.

The section exposed in the bank of the St. Marys’ River
about three miles above Traders Hill, is as follows:

1 Greenish and drab massive sticky clay............ 6 feet
2 White plastic laminated elay................ ..., 2 ¢
3 Clay marl full of shells...........coieviivvnennn, 2 <
4 Soft, argillaceous limestone...........covvvvnunen 1«
5 Greenish and white plastic clay with a few fos-

sils, to water’s edge..........oiviiiiniiiininn, 3 ¢

On the Withlacoochee River, 13 miles south of Valdosta,
there are exposures of bluish and greenish stiff clay contain-
ing flint fragments and silicified corals, and beds of siliceous
limestone. From fossile collected by Prof. S. W. McCallie and
submitted to Dr. T. W. Vaughan, the formation here has been
referred to the Oligocene.

The fuller’s earth formation of Decatur county is con-
sidered as being of Upper Oligocene age and the equivalent
of the Alum Bluff beds!.

The Oligocene as far as examined by the writer, does not
contain any valuable clay beds. The fuller’s earth of Deca-
tur county, while excellenf, as a fuller’s earth, is not of value
for clay products.

1. T. W. Vaughan, U. 8. G. S. Bulletin 213, p. 392.



GEOLOGICAL DISTRIBUTION OF CLAYS OF GEORGIA 75

VICKSBURG-JACKSON

The Vicksburg-Jackson formation underlies a large area
in the western part of the Coastal Plain of Georgia. It is a
limestone, sand and clay formation. The type localities of
“the formation are at Vicksburg and Jackson in Mississippi,
from whence it has been traced eastward into Alabama and
Georgia. It is the equivalent of the St. Stephens formation
of Alabama. The formation has not been regarded as divis-
" ible upon paleontological grounds.

In Georgia, the Vicksburg-Jackson underlies the greater
part or all of Pulaski, Sumter, Lee, Randolph, Dougherty,
Early, Terrell, Calhoun, Miller and Baker counties. The
lower part of the formation as exposed at Rich Hill in Craw-
ford county, and south of Perry in Houston county, is a soft
or ‘‘rotten’’ limestone, and thinly bedded clays and some
glauconitic clay and sand; the upper part consists of flinty
limestone and semi-consolidated sand, bearing some clay.

The following is a section at Mossy Hill, three miles
southeast of Perry, Houston county. The section is in
descending order:

1 Flint fragments in red, clayey soil.............. 10 feet
2 Soft, fossiliferous limestone..................... 4 ¢
3 Laminated clay or claymarl......ocovvvunninnnn, 12 ¢
4 Soft limestone ............ N 4
5 Laminated, silty clay, containing thin, calcareous
layers and calecite nodules..................0. 15 ¢«
6 Ash-colored marl, very fossiliferous.............. 5 ¢¢
7 Softlimestone .........ccevvuiierniieciniieneann 4 ¢
8 BSoft, yellowish ‘‘rotten’’ limestone or marl....... 6 ¢¢
9 Hard, compact limestone...........ceevvueens A
10 Massive bedded, soft, gray limestone............. 15 ¢«
11 Greenish, fine grained, laminated clay............ —

Fossils! from this locality have been identified as Jackson-
ian.
The upper Vicksburg limestone is white or gray in color

1. Fossils collected by Prof. 8. W. McCallie and identified by T. W.
Vaughan, See Geological Survey of Georgia, Bulletin No. 15, Underground
Waters of Georgia, p. 352. -
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and generally flinty, the flint having replaced the limestone.

At some localities the limestone, however, is almost pure

calcium carbonate and has been used in the manufacture of

lime. Overlying the limestone there is a bright red or orange

sand which is conspicuous in Sumter, Lee, Randolph, Terrell.
Dougherty and other counties. The bright red color is a sur-

face phenomenon, and at depths the sand is lighter in color.

The sand may contain clay layers, but these do not give

promise of .commercial value so far as observed. This sand

is of variable thickness; from data from well records, it may

reach a thickness of 100 feet or more. The red sand of this

region has been regarded as Lafayette in previous literature,

but the writer ventures the opinion that it will be found to be

Eocene in age. It bears no close resemblance to the Alta-

maha sands and clays and can not be correllated with that

formation on lithological grounds. It has been observed con- .
taining flint fragments of the Vicksburg limestone, which
have resulted from the carrying away in solution of the lime-
stone in which they were contained and much of the red clayey
sand overlying the Vicksburg formation is doubtless residual.
No unconformity between the sand and the underlying lime-
stone has been observed.

CLATIBORNE

The Claiborne group is a marine deposit which consists
of laminated clays, sand, limestone, and marl. The forma-
tion occupies a small area in the northeastern part of the
Coastal Plain, east of the Ocmulgee River. It underlies parts
of Twiggs, Jones, Wilkinson, Washington, Glascock, Jeffer-
son, McDuffie, Columbia, Burke and Richmond counties. It
overlies the Tuscaloosa clays and sands and laps over in a few
places into the Crystalline area. The formation itself con-
tains some commercially valuable clays and is of further
interest on account of its relations to much of the valuable
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white clays of the Cretaceous—directly overlying these clays
and constituting their overburden.

A small, narrow area of the Claiborne also occurs along
the Chattahoochee River in Early county. It consists of
sand, sandy limestone, quartzite and some calcareous clays,
and reaches a thickness of 250 feet.

The Claiborne in the northeastern part of the Coastal
Plain is, in its lower part, a laminated clay or fuller’s earth
and limestone, while the upper part is a sand formation. The
group will probably be found divisible upon lithological char-
acter, if not upon paleontological grounds. From a well rec-
ord at Louisville, in Jefferson county, the formation reaches
a total thickness of 350 feet. Its maximum at any point will
hardly exceed 400 or 500 feet.

The fuller’s earth phase of the formation consists of lami-
nated or thinly bedded clays, which may reach a thickness of
100 feet or more. These clays are generally gray, greenish
or drab in color, soft, and contain frequently calcareous nodu- -
lar layers. The clay is distinguished by its low specific grav-
ity and peculiar physical properties. It is soft and unctuous,
jointed, and breaks with a smooth, conchoidal fracture. Thin
layers are often observed which are tough and waxy and
highly colored red, yellow and purple by iron oxides.

It may occur as thin leaves or lamin® only a half inch or
an inch thick, alternately stratified with equally thin layers of
sand. It frequently contains calcareous nodules and may be
largely replaced by vari-colored sands. A good exposure of
- the formation may be seen on the Marion public road, 10
miles south of Macon on the old Tharpe place, where there

is 80 feet of fuller’s earth and fuller’s earth-like clay, over-
lain by 50 feet of red sand; and also on the Macon, Dublin

and Savannah Railroad, near Pike’s Peak in Twiggs county,
where it is seen unconformably overlain by red sand. The
fuller’s earth formation is continuous from Bibb and Twiggs



78 THE CLAY DEPOSITS OF GEORGIA

counties northeastward into Richmond and Columbia coun-
ties. A small area of lignitic clay occurs in Columbia county,
and thin-bedded, shale-like aluminous sandstone was observed
in Jefferson and Glascock counties lying in contact with the
Cretaceous sediments.

Limestone and marl appear at a number of localities,
though they form only a small percentage of the whole forma-
tion. Thin layers of soft limstone frequently occur in the
fuller’s earth clay, but are not of large extent areally. The
greatest thickness of Claiborne limestone and marl occurs
at Shell Bluff on the Savannah River, Burke county. The -
bluff is capped with 15 to 20 feet of red unconsolidated sand,
beneath which there is 100 feet of gray and yellow sandy marl
of varying degrees of hardness, containing shell beds. Near
the water’s edge there is 12 feet of large oyster shells, Ostrea
Georgiana, unconsolidated.

The sand of the Claiborne is generally highly ferruginous
and at the surface a bright red in color, and is full of small
black accretions of iron oxide, but where there are unweath-
ered exposures the sand is yellow, purplish and white. It
is unconsolidated except in a few localities where it contains
pebble beds which have been cémented by iron oxide. It con-
tains thin limonite crusts, and may also contain thin clay
leaves or laminz and small patches of fossiliferous quartzite.
In the Dry Branch region and at other localities Claiborne
sand lies directly above the white clay beds of the Tuscaloosa,
and constitutes their overburden. The sand is conspicuous
. at the surface throughout the Caiborne terrane, forming the

upper member of the Claiborne formation, and has been mis-
taken for the Lafayette. It is unfossiliferous, except for the

patches of quartzite which it contains and occasional fossil-
bearing clay layers. - ‘

ProperTiEs oF THE Crays.—The clays of the fuller’s earth
phase of the Claiborne are red or buff burning, have only
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moderate plasticity, and show a tendency to crack badly in
drying and burning. The samples tested showed high air
shrinkage, from 10 to 18 per cent., and required a high per-
centage of water for mixing. Their air dried tensile strength
is high, giving as much as 300 pounds per square inch. Used
alone, they do not give much promise of value for clay pro-
ducts, but may be used with other clays. The fuller’s earth
is being mined and placed upon the market at Pike’s Peak by
the Continental Clay Company, and the material offers possi-
bilities of an extensive use for this purpose.
Locavrries.—Clay of the Claiborne formation is being util-
ized at the following localities: 1. Campania, Georgia Vitri-
fied Brick and Clay Co.; 2. Stevens Pottery, mixed with fire
clay. A number of localities of undeveloped deposits are
described in detail in subsequent pages of this report. The
clays of the Claiborne directly overlie the white clays of the

Tuscaloosa at the mines at Dry Branch; they are prominent
in Wilkinson county south of Gordon; other localities where

they are exposed are: Roberts Station, Jones county; Cars-
well property, three miles east of McIntyre; and at Grove-
town, Columbia county.

Mipway FormaTION

The Midway formation is a marine deposit of sands, clays
and limestones of Lower Eocene age. The formation is cap-
-able of several subdivisions, but these have never been
mapped, and it is here considered as a unit. The Midway
is a narrow belt of rocks, 10 to 15 miles in width, extending
from Fort Gaines on the Chattahoochee River northeastward
to Montezuma on the Flint River; and it is probable that it
will be found extending some distance in to Houston county,
and further northward, than at present mapped. It lies in
contact with the upper Cretaceous sands and marls and occu-
pies parts of the counties of Clay, Quitman, Randolph, Stew-
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art, Webster, Schley, Sumter and Macon. It can be corre-
lated with the Midway group and Chickasaw (Wilcox) group
of Alabama and Mississippi. The thickness of the Midway
in Georgia along the Chattahoochee River is estimated by
J. W. Spencer! as 618 feet, while its thickness probably
diminishes northeastward.

GenERAL CHARACTER.—Along the Chattahoochee River, the
formation consists of loose sands, calcareous and argillaceous
sand, laminated clay and soft, white, chalky limestone. The
equivalent of the Midway in Mississippl was named the Lig-
nitic on account of its lignitic character, but in passing east-
ward from Alabama into Georgia, its lignitic character is not
conspicuous. The following section of the river bluff at
Fort Gaines, made by the writer, gives an idea of the ehar-
acter of the strata along the Chattahoochee.

Bluff at Ft. Gaines, 200 Yards Below the Wagon Bridge

1 Red sand with small pebbles at the base,
(capping the bluff).........covviiiieniiinnns 15 feet
2 Laminated, silty clay.........ccoiviiiivenniinn. 8 ¢
3 Yellow and gray sand......covovvenvnivnnnnnons 12 ¢
4 Non-indurated, gray, caleareous sand ‘‘marl’’... 20 ¢¢
5 Drab, laminated, silty clay..........cccovvvnunnn 4 ¢
6 Hard, fossiliferous clay layer................... B R
7 Gray and black, sandy marl. Contains thin nod-
ular limestone layers, and some carbonaceous
material ... i i 20 ¢
8 Black and slate-colored mudstone, hard and joint-
= 12 ¢
9 Gray, calcareous and argillaceous sands......... 6 <
10 Nodular limestone ........coeviiiiiiienennnnas 2 ¢
11 Ash-colored, sandy marl..........cciiviiinnnnnn 8 ¢
12 Gray, calcareous sand..........cvvnvneviinenns 2 ¢
13 White, massive-bedded limestone................ 20 ¢

In Stewart and Randolph counties, the formation is com-
posed principally of friable sands and clays. The sand is
vari-colored and is generally highly ferruginous, containing
thin limonitic crusts and hollow limonite concretions.

Hollow limonitic concretions with polished and botryoidal
interiors, are rather characteristic of the sands of the Mid-

1. Geol. Surv. of Ga., First Rep’t Progress, 1890-91, p. 49.
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way. It is very often glauconitic; it contains, also, pockets
of light colored and white fire clays. Beds of fuller’s earth-
like clays occur. These latter are thin-bedded, jointed, and
fossiliferous; they may contain small siliceous nodules and
are often glauconitic.

The strata show some slight crumpling and tilting which
is rarely observable in the Coastal Plain sediments. KEast-
ward the formation is mainly vari-colored sand, with thin
beds and pockets of light colored massive clays. An exposure
of the Midway sand may be seen in a cut of the Atlanta,
Birmingham and Atlantic Railroad, a short distance east of
Montezuma. The sand is here about 50 feet in thickness; it
is generally very fine in texture and shows crossbedding. It
is white or light yellow, becoming red at the surface. Under-
lying the sand there is an exposure of three or four feet of
black clay and sand containing iron pyrites, which has been
altered to iron sulphate, copperas. In the southern part of
Macon and northern part of Sumter counties, extensive beds
of white clay occur. '

TreE Crays oF THE Mipwav.—The clays of the Midway
formation have not been utilized, though there are some local-
ities where they give promise of considerable value for clay
products, and will probably be of future commercial import-
ance. The extensive beds of white clay occurring at Kelly
Mill and Copperas Bluff in Sumter county are number one
fire clays in point of refractoriness. They are described in
detail in a subsequent part of this report. In Stewart, Ran-
dolph and Quitman counties white clays oceur in the sands.
These clays are in the form of lenticular beds or irregular
pockets in the sands and do not persist over any large areas
in continuous strata. They occur much as do the white clays
of the Cretaceous. These clay pockets were observed reach-
ing a thickness of 12 or 15 feet and are probably in some
instances much thicker. The white clays are massive-bedded,
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not laminated, and contain only a small amount of sand.
They do not reach the degree of purity that the Tuscaloosa
clays do, but are otherwise similar in their properties. They
have good plasticity, high burning shrinkage, low air dried
strength, and are highly refractory. They do not give
promise of being suitable for white ware. During field work,
white clays were noted at a number of points in northern
Randolph county, notably on the property of E. J. Moye, 5%
miles northeast of Cuthbert; in a cut of the Lumpkin-Cuth-
bert public road, 814 miles south of Lumpkin, and in the rail-
road cuts between Hatcher and Georgetown in Quitman
county.

The more impure clays of the formation do not have any
immediate prospect of value. They are gray, or drab, sandy
laminated clays in the nature of fuller’s earth, such as may
be observed at Fort Gaines, north and west of Cuthbert and
at other localities, and there are some Dblack, laminated,
highly micaceous clays; and south of Lumpkin and southwest
from Richland a greenish-yellow, very tough, waxy clay was
noted.

THE CRETACEOUS

The Cretaceous system in Georgia has been divided into:

Ripley

Upper Cretaceous { Eutaw

Lower Cretaceous Tuscaloosa (Potomac)

The above formation names were first adopted by Dr. E.
W. Hilgard! in a study of the geological history of the Gulf
of Mexico. The type locality of the Ripley is at Ripley, Miss-
issippi, and the Eutaw and Tuscaloosa are typically exposed
at Eutaw and on the Tuscaloosa River in Alabama. The for-

1. Proec. Am. Assoc. Adv. Sci,, Vo. XX, p. 222, 1871; also Am. Jour. Sci.,
3rd ser. Vol. IT, p. 391.
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mations have been studied in some detail in Alabama, and
have been traced eastward to the Chattahoochee River.

In Georgia the Cretaceous has been studied along the
Chattahoochee River by D. W. Langdon? and by Dr. J. W.
Spencer®. However, but little has been done toward attempt-
ing to trace the formations eastward and defining the boun-
daries of the Eutaw and Tuscaloosa, and the Eutaw and Rip-
ley. From field work by the writer, it has been found that
the character of the Eutaw and Ripley strata changes greatly
in passing eastward from the Chattahoochee River, and that
the Eutaw and Ripley are quite similar lithologically, and the
boundary between the two but vaguely defined and the divis-
ion doubtfully warranted. Inland from the Chattahoochee
River no detailed descriptions of the Ripley and Eutaw strata
have been published. The Upper Cretaceous strata extends
eastward to the Ocmulgee River. .

Beyond the Ocmulgee, it has not been recognized, though
it doubtlessly occurs, but is concealed by Tertiary strata.
The Tuscaloosa lies in contact with the crystalline rocks of
the Piedmont region and extends entirely across the State
from Columbus to Augusta.

The Cretaceous system in (Gteorgia forms a belt lying in
contact with the Crystalline rocks and extending entirely
across the State, and forming the northern margin of the
Coastal Plain. This belt reaches its maximum breadth along
the Chattahoochee River, where it is 50 miles in width; it
thence extends eastward to the Ocmulgee River, with a
breadth of 20 to 25 miles measured southward from its con-
tact with the Crystalline rocks of the Fall Line. East of the
_ Ocmulgee only a belt of the Tuscaloosa formation ocecurs,
which has been largely overlapped by Focene sediments, and
has a width ranging from nothing to fifteen miles.

TrIcKNESs.—The total thickness of the Cretaceous along

2. Geol. Surv. Ala, Rep’t on the Coastal Plain.
3. Geol. Surv. Ga. Rep’t of Progress, 1890-91.
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the Chattahoochee River, was estimated by Langdon® as 1,645
feet. The writer is inclined to think, however, that the total
thickness of the Cretaceous in western Georgia, will exceed
these figures and be nearer 2,000 or 2,500 feet. The record of
an artesian well sunk four miles south of the city of Colum-
' bus, showed a thickness of 400 feet of strata without encoun-
tering any crystalline rock. This would indicate that the
crystalline floor is sloping southward at the rate of 100 feet
per mile. There is no evidence, however, that this slope is
constant for any great distance. The full thickness of the
Cretaceous has not been penetrated by wells at any point, and
its thickness can be estimated only by the dip of the strata,
which is found to be variable.

-The Tuscaloosa east of the Ocmulgee River will vary from
" 50 or 60 to probably 500 or 600 feet in thickness.

TaE Riruey ForMaTiON

GeENErAL CHARACTER.—The Ripley is a marine deposit con-
sisting of unconsolidated sands, clays, clay-marls and a small
amount of limestone. Its areal distribution in western
Georgia is greater than that of either the Eutaw or the Tus-
caloosa. According to the work of Langdon, it extends from
Fitzsimmon’s Landing on the Chattahoochee to the mouth of
Sand Creek in Clay county, a distance of nearly 40 miles. It
extends eastward to the Ocmulgee River, but it has not been
differentiated from the underlying Eutaw, and its northern
boundary has not been definitely determined. The two for-
mations are similar lithologically, and the difficulty of dif-
ferentiating the two, is further increased by the presence of
superficial Columbia sand. It is rather doubtful whether the
Eutaw, either by the lithological character of its strata or by
fossil evidence, can be traced east of Marion county, and the
great thickness of the Upper Cretaceous sands and clays lying

1. Geol. Surv. Ga. Report of Progress, 1890-91, p. 27.
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in Taylor, Schley, Macon and Houston counties is best classed
as entirely Ripley.

Along the Chattahoochee the Ripley is composed mainly of
gray, calcareous, micaceous sands, black clay-marls, and thin
layers of nodular, fossiliferous limestones. The limestones
are gray in color and form thin beds rarely more than two or
three feet in the calcareous sand, and black clay-marl. The
black clay-marls are very fine grained, micaceous laminated
clays often full of white comminuted shells and sharks’ teeth.
They may contain iron pyrites and sometimes disseminated
gypsums, and are lignitic. The gray, calcareous micaceous
sands predominate. They are generally unconsolidated ; they
often contain fragile fossils and may carry thin layers of
calcareous nodules. They also carry laminated sandy clay
layers. The following sections will indicate the character of
the Ripley strata along the Chattahoochee.

Section at Old Blufftown, Stewart County

1 Red and yellow quartz sand, unconsolidated and
containing small pebbles and thin, limonite crusts 100 feet

2 @Gray, calecareous, friablesand.............ceiun, 50 ¢«
3 Dark-colored limestone layer................co... 4 ‘¢
4 Gray, calcareous sand.........coiiiiiiiiiiiiina, 20 ‘¢
5 Nodular limestone, containing Exogyra........... 115 ¢¢
6 Gray, calcareous sand, containing fragile fossils... 12 ¢¢.
7 - Ash-¢olored, nodular limestone...........ovuuunn. 2 ¢
8 Gray sand .......ciiiiiiiiniiiiiiiiiiiiaas 3 ‘¢
Section of The Bluff at Florence, Georgia

1 Crossbedded sand and gravel............. ... . 10 feet
2 Black, laminated sandy clay-marl, containing frag-

ments of shells.........oooieiiiiiiiiieans, 18 ¢«
3 Limestone Iayer ........cvovevniivrinnnnnnnnnn. 1«
4 Black clay ....oiiiieriiiiiiiiiieiiieiiieiiiian, 2 ¢
5 LimestOne ...vuivuvrrieenrneereenacnossassannns 134 ¢¢
6 Friable, brown sand, slightly phosphatic......... 4 ¢
7 Lignitiesand ........coviiiiiiiiiiiiiiiiiiieanen 5 ¢
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Sectiow at ‘‘ The Narrows’’ Near the Mouth of Pataula Creek,

Clay County
1 Yellow and red clay soil (altered clay-marl)....... 5 feet
2 Laminated clay-marl .......ccoivnerniiiieniannns 2
3 Nodular, siliceous limestone............cevmievnens 2 ¢
4 TUnconsolidated, calcareous sand...............:.. 6 ¢
5 Caleareous sandstone ..........c.oiviiuinianeiinnees 1
6 Gray and black clay-marl...............cooiuuans, 5 ¢
7 Coarse-grained, gray calcareous sandstone, fossili-
ferous .....iiiiiiiiiiii i it 5
8 Gray, micaceous 8and......covinuirniiiiiniannnen 5 ¢
9 Layer of calcareous sandstone.................... 1 ¢
10 Black, clay-marl, very fossiliferous............... 3 ¢

The following subdivisions of the Ripley will hold in a
general way in the counties of Chattahoochee, Stewart,
Marion and Quitman. The divisions were made purely upon
lithological character and not upon paleontological evidence.

Thickness
Upper sand (Providence) unconsolidated........ 150 feet
Ripley Upper (Renfroes) marl ...............cccvvinen 500 ¢¢
Middle (Cusseta) sand (unconsolidated)........ 250 ¢¢
Lower (Blufftown) marl ...................... 200 ¢¢

The thickness given is only tentative. There is no sharp
line of contact between the divisions given, and they will be
found grading into each other. Also the division will doubt-
less hold eastward, although the upper marl formation can
be traced eastward to Ideal on the Atlanta, Birmingham and
Atlantic Railroad in Taylor county, and may be found on the
Flint River, and in Houston county.

The upper sand is exposed best in the deep gullies at
Providence, eight miles west of Lumpkin, where 150 feet of
yellow, white, red and purplish crossbedded sand may be seen.
In the bottom of some of the gullies, the black lignitic and
pyritiferous clays of the upper or Renfroes marl appear.
From the black clay to the overlying sand, there is a gradual
transition, with no unconformity observable, showing that the
sand and marl are only phases of one continuous deposition.
The Cretaceous sand is overlain by a bright red sand, in
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which, at a few localities, bowlders of fossiliferous, siliceous
limestone are found, and which are probably Eocene.

The upper marl formation consists of massive, gray,
micaceous, calcareous sands, with layers of nodular lime-
stones; black plastic clays fossil-bearing; and various colored
sands with layers of laminated, silty clays. The formation
may be seen east of Louvale, in the vicinity of Hichitee, north-
east of Buena Vista, between Buena Vista and Tazewell, and
in the railroad cuts of the Atlanta, Birmingham and Atlantic
Railroad near Ideal. This marl belt is probably not at any
point more than 4 or 5 miles in width; the soil produced by
it is more fertile than that of the sand members, and when
not obscured by superficial sand, the area underlain by it can
almost be traced by the character of the vegetation, which it
supports. It weathers into a red or yellow ‘‘sticky’’ clayey

. soil. ;

The following is a detailed section of the upper marl for-

mation as it occurs at Johnston Hill, 4 miles north of Lump-
kin:

1 Unconsolidated red sand.........ccovvveiienennn 30 feet
2 Drab, laminated elay..........cceoviiiiii.t. 6 ¢
3 C(Calcareous clay, containing lime coneretionms..... 10 ¢
4 Limestone layer ...........ciiiiiiiiinniinnne. 1 <
5 Clay-marl ... ..ieeiiiiniiiniiirnteeeresnasarans 3 ¢
6 Limestone ........ceiuuiiiiiiernnnisiiieeeinnan 1 «
1 32 1 ¢
8 Nodular limestone ................ccciivennn.. 1 ¢
9 Gray, sandy, micaceous and argillaceous marl.... 20 ¢¢
10 Nodular limestone ...........coiiiviiiiinnnnnns 1 ¢
11 Claymarl ... iviiiiiiiiiiiiiiiiiiiiiiennieenn 4 ¢
12 Limestone .......cecvveenvecinnncoscotsanenons 10 inches
T - 5 feet
14 Nodular limestone ..........ccoviiiiiiinnnnnnes 1 ¢
15 Black and gray sandy marl..................... 20 ¢¢

A good exposure of the upper marl may be seen along the
Tazewell public road, 314 miles northeast of Buena Vista.
About 75 feet of fossiliferous calcareous sands and clays are
exposed. The thin nodular limestone layers which are com-
mon to the westward do not appear. The beds are mainly
gray argillaceous sands and black lignitic clays.
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Underlying the upper or Renfroes marl there is a great
thickness of non-calcareous sands and clays. These sands
are well exposed in the vicinity of Cusseta, and the formation
name, Cusseta, is provisionally adopted. The sands are made
up of quartz and mica, are unconsolidated, vari-colored, and
generally fine grained in texture. They are unfossiliferous
except for lignitized and silicified wood, and they are often
very ferruginous, containing ‘thin crusts and layers of silic-
eous limonite and limonitic nodules. In the sands are pockets
of white, drab, and black, massive-bedded clays, and also thin
lenticular layers of laminated clays. A good exposure of a
clay lens in the Cusseta sand, occurs in a gully along the
Tazewell road 6 miles northeast of Buena Vista. The clay
is both light and dark colored and massive bedded; it con-
tains well preserved fossil leaves and minute cubes of pyrite.

The clay feature, however, is subordinate, and the forma-
tion is predominately loose, crossbedded, vari-colored sand.
In the absence of the Eutaw formation, the great thickness
of sands and clays in the southern part of Taylor, northern
part of Macon, and northern part of Houston counties, may
be referred to this formation. In Macon and Houston coun-
‘ties the sands contain pockets of very pure, white clays.
Extending eastward from Cusseta to the Ocmulgee River, the
sand formation has a width of from 5 to 15 miles. It may
reach a maximum thickness of 600-800 feet.

The lower mar] formation of the Ripley, here, provision-
ally named the Blufftown marl, is similar in its lithological
character to the upper or Renfroes marl, and is composed of
black, lignitic clays, gray, calcareous and argillaceous sand
and thin layers of nodular calecareous rock. It occurs in the
bluffs of the Chattahoochee River, and is seen in a cut of the
Seaboard Air Line Railroad, three miles north of Cusseta.
It 1s not of as wide areal distribution as the upper marl, and
can not be traced eastward with any certainty since it becomes
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indistinguishable from the Eutaw and the overlying sands of
the Ripley. The two marl formations probably merge, below
Florence, in Stewart county. .

Tee Cravs oF THE RipLeEy Formarion.—The Ripley for-
mation contains clays suitable for a variety of uses, but these
have remained undeveloped, partly on account of the thinly
settled condition of the country and absence of good market
conditions, and partly from lack of knowledge concerning
their occurrence and possible uses.

The marl formations contain black, laminated, micaceous
and sandy clays which could doubtlessly be used for building
brick and other common clay products. These clays are
black or ‘‘blue,’’ very fine grained, tough and have an unctu-
ous or greasy feel. They frequently contain disseminated
and small nodules of iron pyrites, and always contain car-
bonaceous material in varying amounts. The less sandy por-
tions possess good plasticity, air dried strength and are red
burning. These clays are abundant throughout the marl
areas of the Ripley.

The lower or Cusseta sand formation of the Ripley bears
deposits of white clays which are highly refractory. These
clays occur much as do the white clays of the Tuscaloosa
along the Fall Line, that is in pockets of comparatively small
areal extent and in lenticular layers of variable thickness
which may grade into and be split by tongues of sand. The
clays in question, are massive and show no bedding or lamina-
tion. They may have a thickness of as much as 20 feet.
They are similar in their chemical and physical properties to
the Tuscaloosa white clays. Iron oxide is the chief impurity;
they have good plasticity, but poor air dried strength, and
will burn generally to a faint cream color or light buff. In-
a subsequent part of this report, laboratory tests are given
on white clays of the Upper Cretaceous, from the following
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localities: Fort Valley, Perry, Marshallville, Maverick,
Bonaire.
TeE Euraw ForMaTiON

The Eutaw formation consists of sands, laminated clays,
and calcareous sands and clays. It is predominately, how-
ever, a sand formation. Along the Chattahoochee River and
in Chattahoochee county it does not differ greatly lithologi-
cally from the Ripley formation, the calcareous sands and
black or dark colored, laminated clays of both formations
being quite similar. This division is based upon paleontolog-
ical differences. The FEutaw, however, presents marked
differences from the underlying Tuscaloosa, in being calcare-
ous, fossil bearing and of marine origin. The formation is
perhaps more lignitic than the Ripley and also contains large
silicified logs and trunks of trees.

The Eutaw is not of wide areal distribution in Georgia.
It underlies the northern part of Chattahoochee county and
a small area in the southern part of Muscogee county. East-
ward in Marion county, it becomes largely unconsolidated
red and brown sands which contain fragments of wood and
large silicified logs; there are also deposits of dark colored,
laminated clays, with sand partings, which carry fragments
of lignitized wood. The formation becomes quite similar
lithologically to the sands of both the Ripley and the Tus-
caloosa, and the difficulty of tracing it is further increased
by a covering of superficial Columbia sand.

The following is a section by D. W. Langdon,® of the

Eutaw series as exposed along the Chattahoochee River:

1 Dark-gray ecalcareous sand, pyritous, and econtaining nodu-
lar masses, 6 to 12 inches in diameter, with calcite nuelei,
These nodules are arranged in strata, about two feet apart,
and terminate in an indurated stratum, about 12 inches
thick. Small fragments of lignite are seattered about
through this stratum, and one or two large masses filled
with calcified teredos are found. The only other fossils
seen were an Anomia and an Ezogyra, probably the young
of E. costata, Say. The fossils are all poorly preserved.
Dip at this point 40 feet to the mile, southward.......... 15 feet

1. D. W. Langdon, Geol. Surv. Ala. Rep’t on the Coastal Plain, p, 439.
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2 Gray sand, of the same nature as the preceding, only no nod-
ules were seen; and the shells increase in quantity, particu-
larly in the lower part. The upper part of this stratum
becomes argillaceous and contains many fossil casts,
mainly lamellibranchs; causes landslides in the banks,
like the Black Bluff clays, which they resemble somewhat,

91

physically. These sandy clays give rise to Uchee Shoals..100 ¢¢

3 Laminated, dark gray clays, with masses of yellow sand dis-
tributed, at irregular intervals, throughout the stratum;
best developed just above the mouth of Uchee Creek, Ala-
DAMA oieverninetriineeesonoetocsnsestasesesssansaansas

4 7Yellow and white sand, with thin seams of lignitic sand, and
an occasional ‘‘bunch’’ of gray, laminated eclay. These
sands are exposed in a bluff about 100 yards from the
river, just below the mouth of Rooney’s Mill Creek, Ga..

5 Quartzose conglomerate, much like that at Havana, Hale
county, Alabama; forms the shoal at Beden’s rock, and
the bluff at Hatcher’s lower landing; merges gradually into
ayellow sand.....cooiiieiiii ittt e

6 Yellow sand and gray clay, containing bits of leaves. This
stratum and the following are seen at Chimney bluff, Ga..

7 Light yellow and white sands, containing beds of well round-
ed quartzoze pebbles, sométimes 20 feet thick. Lignitized
logs can be seen protruding from the bluffs. The sand
contains a small Exogyra at rare intervals. The supposed
top of the Eutaw group........oovvvviiiiieiniiiiens.

95 ¢

50 (X1

50

60

(X1

(X3

45 ¢¢

A good exposure of the Futaw strata may be seen in the

bluff of Upatoi Creek, near the Seaboard Air Line Railroad

bridge, 7 miles southeast of Columbus.

The lower 50 feet of

the hill consists of gray calcareous and argillaceous sand;
overlying this are 20 feet of black clay marl and impure nodu-

lar imestone.

This latter formation is very fossiliferous, and

contains pyrite, lignite and gypsum. The upper 30 feet con-
sists of brown and gray calcareous sands.

The section in the bed and bluff of the creek at Ochille is:

Brown or yellow unconsolidated sand (at top)..............
Blue or black laminated, sandy clay, ‘¢‘marl’’ .............
Sandstone ..........iiiiiiiiii e e i
Dark gray, caleareous sandstone. In places the bed is com-

posed almost entirely of shells.........cocovuiiienninnn..
Black and gray micaceous, caleareous sand, contains poorly

preserved shells-and lignite.............. ..ot

S AN

Eastward in Marion county the formation is largely
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brown, red and yellow crossbedded unconsolidated sand. A
few exposures of dark colored laminated clays were noted.

Crays or THE Butaw.—Black and dark colored laminated
clays with sandy partings occur in the formation and may
be suitable for building brick, though they offer no prospect
of immediate value. No white clays or clays approaching
kaolin in composition were observed.

TaE TuscaLoosa ForMaTIiON

The lowest member of the Cretaceous system is the Tus-
caloosa (Potomac). It consists of coarse grained cross-
bedded, generally unconsolidated sands, and white and
stained kaolins and fire clays. It is the most important clay
bearing formation in the State, containing the valuable kao-
lins and fire clays of the Fall Line. In his study of the Fall
Line clays of Georgia, Dr. G. E. Ladd! used the formation
name, Potomac for the Lower Cretaceous and this term is per-
haps more familiar to the people of the State than Tuscaloosa.
The latter term, however, is retained in this report for geo-
logical reasons. The formation is the equivalent of the Tus-
caloosa formation of Alabama and Mississippi and can be
correlated with the Hamburg? formation of South Carolina.
The age of the formation in Georgia is determined only by
its stratigraphic position and has not been established by
any fossil evidence, either plant or animal.

The Tuscaloosa rests unconformably upon the eroded sur-
face of the ancient metamorphic and igneous rocks of the
Piedmont Plateau, and there is an enormous time interval
between the ages of the two. In the western part of the State
the Tuscaloosa is overlain with doubtful unconformity by
Upper Cretaceous strata; east of the Ocmulgee River, the
clays and red sands of the Claiborne group rest upon its

1. Geol. Surv. of Ga., Bulletin No. 6-A,
2. E. Sloan, Bulletin South Carclina Geol. Surv.
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eroded surfaces and may entirely obscure it. It is question-

ably overlain by the Lafayette at any points except near

Columbus, Macon and Augusta or at points along the larger

rivers entering the Coastal Plain, the Lafayette not occurring

on the divides between the rivers. It is generally overlain

by the Columbia sand (Pleistocene) with a thickness of 5

to 50 or 60 feet. The Columbia is a mantle of brown or gray,

incoherent, structureless sand, and is easily distinguished
from the Tuscaloosa and the Tertiary sands.

CmaractER OoF THE StrRATA.—The Tuscaloosa formation
consists entirely of sands, gravel and clays, generally uncon-
solidated. The formation has not yet been subdivided into
minor formations, and this will be found difficult on account
of the variability of the strata and lack of persistency of
individual beds. However, as the formation is studied more
in detail, and the commercial development of its clays pro-
ceeds, local classifications of beds will doubtless be made.
On the whole, the formation is homogeneous, and the charac-
ter of the material composing it, is generally similar through-
out its area in Georgia.

The sands and clays of the formation are intimately
mixed and grade into each other, though for convenience of
description they will here be discussed separately. The sand
of the Tuscaloosa is composed principally of quartz in small
angular particles; muscovite mica is next the most abundant
mineral, and small amounts of hornblende or augite, garnet
and magnetite have been observed. Feldspar in various
stages of decomposition oceurs, while the sands are often col-
‘ored by iron oxide, limonite and hematite. The sand is gen-
erally coarse grained, and near the contact with the crystalline
rocks, beds of gravel and large subangular fragments of
quartz occur. The sand possesses but little structure, and
there has been but little disturbance of the strata since its
deposition. It is crossbedded and unconsolidated except at
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a few local points. It forms the greater part of the forma-
tion, on a broad estimate 75 per cent. of the whole.

The clays are white and stained, massive bedded and
approach kaolins in chemical composition. They are fine
grained, and vary greatly in the amount of their sandy impur-
ities. The clays will be described in more detail subse-
quently.

TraickNEss.—The Tuscaloosa formation will vary in thick-
ness from only a few feet near its contact with the crystalline
rocks of the Piedmont Plateau, to 500 or 600 feet. The
character of the formation is such that its thickness can not
be determined from geological exposures, and well records,
when at hand, are relied upon. In the vicinity of Columbus
the formation is known to reach a thickness of 400 feet; in
Crawford and Bibb counties it will probably reach a thick-
ness of 400 to 600 feet, and east of the Ocmulgee River, it
will vary from 50 or 60 to 500 or 600 feet.

Distrisurion.—The Tuscaloosa forms a narrow belt
extending entirely across the State from Augusta to Colum-
bus. It lies in contact with the erystalline rocks of the Pied-
mont Platean and its northern margin is the northern mar-
gin of the Coastal Plain. West of the Ocmulgee River, the
belt is from 3 or 4 to 8 or 10 miles in width; east of the Ocmul-
gee it is largely overlapped by the sands and clays of the
Claiborne group and superficial sand, so that in many places
it may not appear at the surface at all. It is best exposed
along the streams, which have cut through and eroded the
overlying formations. It is seldom seen outeropping more
than 15 miles south of its contact with the crystalline rocks.

Oricin.—The material composing the Tuscaloosa forma-
tion was derived from the disintegrated and decomposed
rocks of the Piedmont Platean. The formation is of fresh-
water origin, being deposited in bodies of fresh water lying
off shore or inland.
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OcourReNCE OF THE CrLays oF THE Tuscaroosa.—The clays
occur as pockets or lens-shaped beds enclosed by sand and are
of comparatively small extent; and in the upper part of the
formation, as thick, extensive horizontal beds lying in contact
“with later sands and clays. The small lens-shaped beds are
often of remarkable purity but are of small thickness and may
grade into sand abruptly. The thickness of the clays will
vary from a foot or two to as much as 35 feet, and their extent
will vary from a hundred yards to several miles.

Fig. 4.—Generalized Sketeh Showing Lens-Shaped Beds of Clay in Sands,
which is characteristic of the Clays in the Tusealoosa
Formation in Georgia.

In the eastern belt of the Tuscaloosa or that part lying
east of the Ocmulgee, the clays are found to reach the great-
est thickness and occur in the greatest quantity. In the
lower part of the formation or that nearest the contact with
the crystalline rocks, the clay beds will be found generally
lenticular in shape and of small extent, though in commercial
quantities. Good examples may be seen in the railroad cuts
at Carr’s Station and Griswoldville. At these places, the full
extent of a clay bed may be seen within the length of the cut.
The bed will have a maximum thickness in the middle and
taper to points at each end. These beds may reach a maxi-
mum thickness of 8 to 10 feet and then thin out completely.



96 THE CLAY DEPOSITS OF GEORGIA

Their upper surfaces are often undulating and gullied, hav-
ing been eroded during the deposition of the overlying sands.

In the Dry Branch region and in the vicinity of Gordon
and MecIntyre in Wilkinson county there are clay beds of
great thickness and areal extent. They do not thin out
rapidly and are more uniform in texture and thickness than
the lower clay beds. Variations in thickness may occur, how-
ever, due to old erosion gullies, formed previous to the deposi-
tion of the overlying Eocene sands, and the beds may vary
from 10 to 35 feet in thickness. The white clays are sharply
contrasted with the overlying Eocene red sands and clays, but
below, may change gradually or abruptly into sand, but the
contact between the lower or Cretaceous sand and the clay is
never sharp.

The white clay beds of the western belt of the Tuscaloosa
are similar in their occurrence to those of the eastern belt,
though the beds are not as thick and individual beds are
not as extensive areally.

The structure of the clay beds is quite simple. They occur
in massive layers which represent a continuous deposition
and do not show lines of stratification or lamination as are
usually seen in clays and shales of sedimentary origin. The
beds lie almost horizontal and show no appreciable faulting
or fracturing, facts of considerable importance in the mining
of and prospecting for the kaolin and fire clay, since a bed
may be easily traced by levels and the amount of overburden
and the quantity and position of the clay estimated with some
certainty. The beds are but little disturbed from their orig-
inal positions and only purely local movements have taken
place.

Jointing is prominent in the more massive beds as at Dry
Branch and Hephzibah. There is, however, no system of
jointing and the joints are really irregular cracks which
seem to be due to tension caused by the shrinkage from loss
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F16. 2.—CRrETACEOUS STRATA, PATAULA CREEK.
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of water, and partial consolidation of the clay. The joint
cracks may be oblique, vertical or horizontal; in the soft
clays the joint cracks do not extend for any great distance

either horizontally or vertically and the jointing is not close,
" but there may be considerable space between joints. The
jointing is an efficient aid in the mining of the clay. In the
hard and semi-hard clays, the jointing may be minute, and
‘the clay will break into small angular blocks only a few inches
square. The joint crack may vary from 1/100 to 14 inches
in width and are usually filled with limonite deposits and
manganese oxide scales, which have been deposited by infil-
trating waters from the overlying sands.

Slickensided, or smooth, polished and striated surfaces are
noted along the joint planes. This phenomenon is due to
.the movement of one mass of clay over another. Water
enters the joint cracks and acts as a lubricant for the already
unctuous or ‘‘greasy’’ clay, while the movement is effected
by the downward pull of gravity. Slickensided surfaces were
especially observed in the pits of the Georgia Kaolin Com-
pany at Dry Branch.

A nodular or concretionary structure in the clay has been
observed at a few localities. Nodular white clay was
observed on the Z. T. Miller place in Wilkinson county, and
a pitted structure due to the weathering out of clay nodules
occurs in the clay at O’Connor Hill near Grovetown. This
is a secondary structure due to an alteration of the clay
after deposition. The alteration has proceeded so far at one
locality, 3 miles northeast of McIntyre, that a rather extensive

deposit of pisolitic bauxite has resulted.
Taeory or OrIGIN aAND DeposiTiON?

The white clays of the Tuscaloosa in Georgia are clearly
of sedimentary origin, and were derived from the northward

1. The theory as here given is essentially as previously published by the
author in Economic Geology, Vol. III, No. 2.
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from the crystalline rocks of the Piedmont Plateau. The
greater part of the Piedmont Plateau from which the Lower
Cretaceous was derived, is composed of granites, gneisses
and feldspathic schists, cut by basic trap dikes, and diorite
intrusions. The basic dikes and basic diorite intrusions form
only a small part of the whole area and the latter are them-
selves cut by granite intrusions and pegmatites. The region,
then, is on the whole a highly feldspathic ome, and the
weathered residue of its rocks is consequently highly argil-
laceous. The red soil, so characteristic of the Piedmont
Platean, is after all, only a surface phenomenon; and, with
the exception of certain small areas, which are underlain
entirely by basic eruptives, it is underlain by gray or white
decomposed and disintegrated rocks, the feldspars and other
aluminous minerals of which have altered to kaolinite or
allied minerals.

The greater part of the Piedmont region has been a land
surface since the close of Cambrian time, and the amount of
weathering of its rocks, effected during the great intervals of
time represented by the Silurian, Devonian and Carboniferous
epochs, was perhaps as great during the Cretaceous period
as at present. Subsequent to the deposition of the Carboni-
ferous strata and just before the beginning of the Cretaceous,
the Piedmont region suffered a great uplift with a tilting to
the southeast. The result of this movement was a rejuvena-
tion of the drainage, the direction of which was essentially
the same as at present; and the streams set rapidly to work
carrying the weathered residue down to the Cretaceous sea.

The steepness of the slope of the ancient Piedment region
may in a measure be inferred from the steepness of the
crystalline floor now overlain by Coastal Plain sediments.
This floor slopes southeastward 50 to 75 feet per mile; the
altitude of the land during the Cretaceous must have been
much greater than at present. As a result of steep gradient,
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streams were very active, perhaps torrential in character,
which is indicated by the frequent coarseness of sediment
and evidences of rapid deposition, and the deeply weathered
material of granites and gneisses in the main was picked up
and dumped on the shore of the Cretaceous ocean as alluvial
fans or at the mouths of streams as deltas, the delta of one
stream mingling with and overlapping that of another. An
enormous amount of sediment rapidly dumped at the mouths
of streams resulted in the formation of sand flats, in the
formation of fresh water delta lakes, and possibly in the
enclosing of areas of sea-water by sand barriers, which were
at once freshened by the inflow from land streams. In the
deeper and quieter waters of off-shore lakes and sounds, the
fine clay particles were deposited in non-persistent and len-
ticular beds of pure white clay, while in the shallower water
under conditions of shifting currents, the crossbedded sands
and, occasionally, beds of pebbles were laid down. Con-
ditions, however, did not remain uniform for any great length
. of time. One set of barrier lakes formed were filled up and
other lakes formed. Layers of sand and clay were laid down,
subsequently subjected to the action of currents, partly eroded
and redeposited. The evidence of this is the abundance of
clay pellets, pebbles and large angular chunks of white clay
mingled with sand and superimposed unconformably upon
white clay beds.

Fig, 5—8ketch Showing an Frosion Unconformity between Clay and Sand.
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The entire absence of marine conditions supports this
theory. No marine shells or any animal remains whatever
have been found in the Tuscaloosa in Georgia. Also, very
strangely, there is so far as is known at present, an absence
of plant remains in the Tusealoosa. This fact is difficult
of explanation, since clays are favorable for the preserva-
tion of plants and since an abundant flora has been found in
other States in formations which are regarded as synchron-
ous with the Tuscaloosa in Georgia; and when it is known
that the beds of the Upper Cretaceous which closely succeeded
it in deposition are lignitic and contain abundant plant
remains. The Upper Cretaceous directly overlies the Tus-
caloosa and succeeded it in deposition without any interval
during which there was uplift or land period. In the Lower
Cretaceous there are no lime nodules or even calcareous lay-
ers .of any description, no traces of sulphides (pyrites) or
sulphates have been observed either in the sand or clay;
manganese nodules which indicate marine conditions, are not
‘found as an original constituent in the Tuscaloosa; no trace
of gypsum which might indicate brackish water or lagoons,
is found. In short, the chemical composition of the Tus-
caloosa strata as a whole is the composition of the residue
of weathering of the Piedmont Plateau. Much of the
material of the Tuscaloosa is arkose, the deposition of the
Piedmont residue without sorting.

The remarkable purity of the kaolin, as indicated by the
following analysis, is difficult of explanation. The analysis
“is from a sample of kaolin from one of the mines at Dry
Branch, and represents the condition of the clay in a state of
nature, the sample having received no washing or other
mechanical treatment,

el

Moisture at 100° C.....viiiiii ittt .93

Loss on ignition............c.ccoiiiiiiiiiiiiiiinn 13.73
I 1 44.97
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Ferric 0Xide . vcveveinriereeearsnrnenersonsesesnsnnns 51
Manganese 0xXide ..... ... i .00
B 7 Y-S PN .00
Magnesio ...coeeereeeeetanctiiieinionnneseiaas .16
Sodium 0Xide ...veernen ittt iiiraearrenssnnsan trace
Potassium oXide ...cvviniiiiiiriiinii ittt trace
Titanium dioxide ... ivierriiniiiineerinnnorennnes 1.36
SulPhUr oottt i ettt it .00
Phosphorous pentoxide .........coiiiiiiiiiiiiniian .00

L TET 7Y Ut 100.17

Rational analysis:

Feldspar.............. .00 ]

QUATEZee v s 33 § Sand.....ccieieininaann 33
Clay substance .......cooiiiiniiiiinnans. ereaeaas 99.67
17 1 IR 100.00

It is not to be assumed that the entire thickness of a
kaolin bed is as pure as the above sample, for the beds as a
whole, contain impurities, and the higher grades of clay are
selected in mining, though the whole thickness of a bed may
be white and comparatively of great purity.

~ In explanation of this remarkable purity, it would seem
that nature opérated a clay washing plant on a grand scale.
The process was in the main that employed in washing a
‘residual kaolin. The Piedmont Plateau was a vast residual
kaolin deposit; to be sure the greater part of this deposit
consisted of impurities such as particles of quartz, mica and
smaller amounts of other minerals found in igneous rocks,
which were subject to disintegration and decomposition by
weathering agencies. The kaolin or kaolinite was derived
mainly from the decomposition of the feldspars, though
doubtless other minerals contributed to the amount in no
small way. In the separation process, much of the coarser
material and large rock fragments was dropped by streams
in transit to the ocean, or at the debouchure of the streams,
while the finer material, clay and sand, was carried further
outward. Separation of the kaolin from the mass was
effected by the specific gravity of the minerals, and the fine-
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ness of grain, the latter having perhaps greater influence
than the former. The specific gravity of quartz and kaolin-
ite, for example, is nearly the same, 2.6, but the quartz never
reached the degree of fineness of the kaolinite particles.
Mica, because of the nature of its crystallization and the
degree of fineness which the particles reached, remained in
suspensioen easily, which accounts for its being such an abund-
ant sandy impurity in the clay beds. Biotite and other iron-
bearing minerals must have been largely altered by leaching
before their deposition, since they are comparatively rare -
either in the sands or clays of the Tuscaloosa.

On account of the brilliant red color of the soil of the
Piedmont Plateau, the clay derived from it would be expected
to have a high percentage of iron and be colored, and the
whiteness of the kaolins is perplexing. The iron bearing
minerals, silicates and magnetite, have generally a higher
specific gravity, and never reached the degree of fineness of
the clay, and, hence, did not remain as readily in suspension,
and the absence of any high percentage of iron in the kaolin
may be thus partly accounted for. Also, the red color of
the Piedmont hills is due in the main to a coating of red iron
oxide over quartz and other mineral particles, and often a
decidedly smaller percentage, of iron oxide is present in the
residual clay than would be imagined from a casual examina-
tion. The following analysis® of a Piedmont red residual
clay will illustrate:

1. T. L. Watson, Geol. Surv. Ga. Bulletin 9-A, p, 87.
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This is described as a bright red residual clay derived
from a biotite-granite. It will be observed that the per-
centage of Fe,0; is only 1.91 per cent.

Compared with the depth of residual decay, the red color,
as mentioned above, is only a surface phenomenon, extending
only a few feet in depth, and the great mass of underlying
decomposed and disintegrated material is a mottled, gray or
even white color. It was principally from this great mass
of gray or white residue that the kaolin beds were derived.
The clay particles being finest and of low specific gravity
were carried furthest and dropped in the deepest and stillest
water of the off-shore bodies described above. The impuri-
ties in the clay, as thus deposited, were only the very fine
sand and some iron oxide, which may have formed a coating
over the clay particles or fine sand grains. The greater
part of the fine red and yellow iron oxide was dropped with
the coarse sand grains, over which it formed a coating, or
with which it was intimately mixed and not easily separable.

The entire absence of or only a small percentage of lime
 and magnesia is due to the fact that only a very small percent-
age of the lime and magnesia bearing minerals, of the igneous
-and metamorphic rocks of the Piedmont Plateau, reached a
sufficient degree of fineness to be deposited in the stiller water
with the clay. The Lower Cretaceous is not a marine deposit;
there is no evidence of animal remains, and conditions were
not favorable for chemical deposits of lime or magnesia car-
bonates and sulphates.

There is no evidence whatever of impurities having been
leached from the clay beds after deposition. On the con-
trary, the beds are probably more impure now than at the
time of their deposition, on account of the infiltration of
impurities from the overlying Tertiary formations.

CreMicanL anp Pavsican Properrries.—The clays of the
Tuscaloosa are white and stained clays, comparatively pure,
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and approach kaolins in chemical composition. Selected
samples show as high as 99 per cent. clay substance. The
purest clays, kaolins and high grade fire clays, run from
40 to 50 per cent. silica, and 34 to 40 per cent. alumina. Iron
oxide, is the chief impurity and varied in the samples an-
alyzed from .51 per cent. to 2.11 per cent.; lime and magnesia
are entirely absent or occur in only very minute amounts; the
percentage of alkalies is always very small—potash usually
exceeds soda. Titanium dioxide is always present, some-
times as much as 1.5 and 2 per cent., but as far as the writer
was able to ascertain in the laboratory, it produces no notice-
able coloring effect, and its fluxing effect is inappreciable.
Sulphates and organic matter are rarely present.

In texture, the Tuscaloosa clays are’ themselves very fine
grained, but they may often contain rather coarse sand
grains. Sieve tests on some samples of the crude clays
showed about 95 per cent. passing a 200 mesh sieve. In hard-
ness the clays vary from very soft, cheese-like, to semi-hard
or slightly mealy, and very hard or flint clays which can not
be scratched with the finger nail. Good examples of the
soft and semi-hard clays occur in the mines at Dry Branch
and Hephzibah, while the hard clay on the Glover place near
Gibson is an example of the flint clay. With the exception
of the flint clays all of the Tuscaloosa clays develop good
plasticity, but usually have low air dried strength. In some
notable exceptions, however, pure clays, were found which
showed a maximum air dried strength of 135 pounds per
square inch. Most of the clays will show from 10 to 20 or
30 pounds per square inch. ;

The air shrinkage is usually low, while the fire shrinkage
is high and the clays show a strong tendency to crack and
check in burning. ILeaving out the exceptionally ferruginous
clays, the Tuscaloosa clays burn pure white, cream color or
buff, depending upon a number of variable factors. The
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- fusing points of the better clays are high, ranging from
cone 30, 3,146° F., to cone 36, 3,362° F.

Locanities.—The following are localities where the Tus-
caloosa strata may be seen and where their clays are being
mined or utilized. The development of the clays has hardly
‘begun and they are certain in the future to be the basis of
large industries. ‘

The clays are being mined extensively in Twiggs county
in the vicinity of Dry Branch. The following companies
are engaged in mining kaolins and fire clays: Georgia Kao-.
lin Company; Atlanta Mining and Clay Company; American
Clay Company; I. Mandle and Company. Good exposures
showing the mode of occurrence, and character of the clays
may be seen in the pits of the above named companies.

The clay is also being mined at Hephzibah in Richmond
county, by the Albion Xaolin Company and excellent
exposures of both hard and soft clays may be seen here.

At Carr’s Station, on the Georgia Railroad in Hancock
county, the full thickness of the Tuscaloosa strata at this
point may be seen, as well as their relations to the underlying
crystalline rocks and the overlying Columbia (Pleistocene)
sand. The mode of occurrence of the clay is also clearly
revealed.

In the railroad cuts at Griswoldville, the occurrence of
the clays is revealed and deep erosion unconformities and
the relation of the Tuscaloosa to the red argillaceous Eocene
sands are displayed.

At Butler in Taylor county, white clays reach a thick-
ness of 20 feet and have been mined at one locality. The
clays of the Tuscaloosa are being utilized for fire brick, sewer-
pipe, etc., at Stephens Pottery, by Stevens Brothers and
Company.

Other localities where clays are known to occur of good
quality and are accessible are: Lewiston, Gordon, McIntyre,
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Toomsboro, Chalker, Gibson, Grovetown, Thomson, Byron,
Rich Hill, and Butler.

CARBONIFEROUS

The Carboniferous strata are confined to the Paleozoic
area or to the northwestern portion of the State. The fol-
lowing are the subdivisions of the system as mapped in the
Ringgold, Rome and Stevenson (Alabama-Georgia) folios of
the U. S. Geological Survey:

(" Walden sandstone
Lookout sandstone
. Bangor limestone
Carboniferous { Payne chert
Floyd shales

L Oxmoor sandstone

The Walden sandstone and the Lookout sandstone form
the Coal Measures, and the remaining formations the Lower
Carboniferous or Mississippian series.

‘WALDEN SANDSTONE

The Walden sandstone forms the uppermost Carbonifer-
ous rocks in Georgia. The formation overlies the Lookout
sandstone and caps, and is confined in its areal distribution
to Lookout, Sand, and Pigeon mountains, in Dade, Walker
and Chattooga counties. The formation consists of con-
glomerate, sandstone, and shale, with several seams of coal.
The shales of the formation are highly sandy and micaceous
and may pass into pure sandstones. The formation attains
a maximum thickness of 930 feet.! '

Crays oF THE WALDEN SaNDsTONE.—The shales of the
‘Walden sandstone on account of their generally highly silic-
eous character and their inaccessibility, offer no immediate

1. C W. Hayes, Ringgold Folio, U. S. Geol. Surv.
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prospect of being of value for clay products. The so-called
¢fire clays’> underlying the-coal seams have mnot been
thoroughly tested, but are of doubtful refractoriness. At the
few localities examined by the writer they were very sandy
micaceous and a yellow or drab in color and contained bits
of plant remains. A sample from the Durham Mines was
tested for its refractoriness, but its fusing point was found
to be quite low.

The conglomerate and sandstone phases of the formation
yield no clays likely to be of value.

The following is a section! of the strata of the Walden
sandstone.

1 Coarse-grained, heavy-bedded sandstone........... 40 feet
2 Sand shale (partly concealed)..........cevenunnns 50 ¢¢
3 Sandstone ........iiiiiiiiiiiiiiiie i 40 ¢¢
4 Shaly sandstone (partly concealed)............... 120 ¢¢
5 Black shale, with thin parting of coal............ 12 ¢
6 Sandstone ........cciiiiiiiiiiiiiiie it 10 ¢
A O 4 inches
8 Sandstone, crossbedded ........ciiviiiiiiinin 60 ¢«
9 Bhale ....viiieiii it i it tae e 20 ¢«
B T 22 ¢«
J1 Shale t.iiivenieineeeenenieeoreeasasnsnsnmesansss 8 ¢«
B2 - ) S 20 ¢«
13 Fire clay .ovviiiiiiiii ittt iiiiiieienanens 2 feet

LookouT SANDSTONE

The Lookout sandstone. consists of sandstones, con-
glomerates and shales, with a few thin layers of limestone.
The formation directly underlies the Walden sandstone, and
is folded into the broad syneclines of Lookout, Sand and Pig-
eon mountains. The formation reaches a thickness as esti-
mated by Hayes? of 550 feet. The total area underlain by
the formation is quite small—aside from the small areas on
the slopes of the above mountains there are two small isolated
patches capping Rocky and Little Sand mountains east of
Taylor Ridge.

1. 8. W. McCallie, Ga. Geol. Surv., Bulletin 12, p. 39.
2. Ringgold Folio, U. 8. Geol. Surv.
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The upper part of the formation, attaining a thickness of
100 feet or more, consists of a coarse, crosshbedded sandstone
and conglomerate; underlying are sandy and argillaceous
shales and thin bedded sandstone. Some thin beds of dark
colored, argillaceous shales occur in the upper sandstone.
Prof. S. W. McCallie! in his study of the coal deposits of Geor-
gia speaks of these beds containing iron carbonate in the
form of nodular concretions. The shales of the Lookout for-
mation are perhaps more argillaceous and of greater thick-
ness than those of the Walden sandstone. No attempt has
been made to utilize the shales for clay products. Inaccess-
ibility and difficulties of mining will be deterring factors in
their development. Where not too sandy the shales of the
coal measures will probably be found more plastic than those
of the older formations since less metamorphism through fold-
ing and crumpling of the strata has taken place.

The following sections of the Lookout sandstone forma-
tion will illustrate the character of the beds and the relation
of the shales to the sandstone, and the stratigraphie position
of the shales.

Section of Lower Coal Measures Along The Durham and
Chickamauga Railroad?

1 Massive sandstone and conglomerate (top of the
Lookout sandstone) ........covvviivnininnn.. 150 feet

2 Thin-bedded sandstone ........covvvvevvenrenn.. 60 ¢
3 Sandshale ......ciiiiiiiiiiiiiiiitiiiiiiaea, 10 ¢
4 Blacksghale .....iiiiiiiiiiiiirtiiiineitacanns 15 ¢
5 Sandy shale ......civeiiiiiiiieieicrraionnanns 50 ¢¢
6 Gray shale ....c.cveiiiinirenestencssnnncannenn © 50 ¢
"81 Thin-bedded sandstone .......coeevvinnranncaans 40 ¢

BhaleS iivssiesrerssersnscsssccocsssosasasse

1, Geol. Survey of Georgia, Bulletin No. 12, Coal Deposits of Ga., p. 19.
2, 8. W. McCallie, Georgia Geol. Surv.,, Bulletin 12, Coal Deposits of
Georgia, p. 45. R
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GENERAL VIEW AT THE CrLAY MINES OF THE ATLANTA MINING AND CrAy CoMPANY, Twicas COUNTY, GEORGIA.
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Section of Pigeon Mountain Above Bronco®

1 Sandstones of variable character................ 10 feet
2 Sandy and ordinary shales.................c.... 90 ¢
3 Yellow sandstone ..........covviiiiiiininenaa.: 10 €€
4 Sandy shales, mostly concealed.................. 10 ¢
5 Sandstones in thick, but with false bedding...... 155 ¢¢
6 Shales and sandy shales................cco0nun.. 260 ¢¢
7 Sandstones with some conglomerate in thick

beds, dipping 5° to 10° westward............. 40 ¢¢

Baxcor LIMESTONE

The Bangor limestone formation consists principally of
blue and gray, heavy-bedded limestone. Both the top and
the base of the formation are shaly and it passes into the
shales of the Coal Measures on the one hand and into the
Fort Payne chert series on the other. Its thickness is given
by Dr. C. W. Hayes as varying from 300 to 800 feet. It is of
small distribution areally and is mainly confined to the flanks
of Lookout, Sand and Pigeon mountains, while small isolated
areas occur in White Oak, Rocky and Little Sand mountains.
The formation may be largely concealed by talus and debris
from the mountains.

Crays.—The formation weathers into deep red clays,
which when sufficiently free from fragmental rocks may be
used for building brick. The shale feature of the formation
has not been closely investigated, but from what is known,
the shales do not give promise of being of any especial value
for clay products. There are no clay industries utilizing
the clays of the formation.

Froyp SmaLEs

The Floyd shale formation consists of shales, and thin-
bedded limestones and sandstones. The shales are both
argillaceous and calcareous and contain interbedded lime-
stones and sandstones. The argillaceous shales are black,

1. J. W. Spencer, Georgia Geol. Surv., Palezonic Group, p. 137.
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bluish-gray and umber colored; they are often very carbon-
aceous. The thickness of the formation is given by Dr. C. W.
Hayes as 1,200 feet. It occupies an extensive area mnorth-
west of Rome, and forms small synclinal valleys in Taylor’s
Ridge and east of White Oak Mountain in Whitfield and
Catoosa counties, Its distribution is shown on the map
accompanying this report.

TrE Cray Smaares.—Some of the shales of the formation
are suitable for the manufacture of clay products, but have
up to the present remained undeveloped. The shales will
generally be found less metamorphosed than those of the
older Silurian and Cambrian formations. Tests on a sample
of the Floyd shale from 114 miles east of Ringgold are given
in a subsequent part of this report. The greater part of the
formation is inaccessible to railway lines, though the belt
northwest of Rome is crossed by the Southern Railway, and
the Western and Atlantic Railroad crosses the synclinal valley
east of White Oak Mountain.

Fort PayneE CHERT

The Fort Payne chert formation consists mainly of chert
with small amounts of limestone, and reaches a thickness of
200 feet. It forms a thin band paralelling Lookout, Sand
and Pigeon mountains, and forms ridges adjacent to the
Floyd shale areas in Floyd, Walker, Whitfield and Catoosa
counties. The areas underlain by it are easily recognized by
the abundance of cherty material at the surface.

Crays.—The formation bears a highly siliceous fire clay
of residual origin. This clay has not been developed in
Georgia, but is being mined in the vicinity of Valley Head,
Alabama, on the Alabama Great Southern Railroad, just
across the Georgia-Alabama State line, and occurrences
similar to that in Alabama will doubtless be found in Geor-
gia. In Dade county, small deposits of halloysite oceur near



GEOLOGICAL DISTRIBUTION OF CLAYS OF GEORGIA 111

the base of the formation. Some of the deposits may be
of value for adulterating and other purposes. Halloysite
occurs near Rising Fawn and Trenton, and an occurrence was
reported by Dr. J. W. Spencer* near Subligna in Floyd county.

DEVONIAN

The Devonian formation of northwest Georgia has been
divided by Dr. C. W. Hayes into the Chattanooga shale, Armu-
chee chert, and Frog Mountain sandstone. The formation
names are themselves explanatory of the character of the
rock. The Devonian is generally inconspicuous, and of small
areal distribution. N

'The Chattanooga shale is a black, highly carbonaceous
shale which has been often mistaken for coal. The forma-
tion reaches a thickness of only about 10 feet. The lower
part is a rather thick bedded, stony shale with an odor of
petroleum and sulphur. The upper part bears a layer of
phosphatic concretions and clay. The formation occurs only
in the northwest part of the State and exists as a narrow band
underlying the lower Carboniferous formations.

On account of its small areal distribution and its hlghly
bituminous and stony character, it does not give any promise
of being of importance for use in the manufacture of clay

products. It has been used to a small extent as a filler for
commercial fertilizers.

"The following is an analysis® of the shale from near
Estelle, Walker county:

Bituminous shale, Devonian, from Dug Gap, near Estelle,
Walker county.

1 (0 51.03
7 N 0 13.47
20 U 8.06
. 4 O T 1.15
102 L N 78
L X 0 41

‘1. Geol. Survey of Ga., The Paleozoic Group, p. 212,
2. Bull. 248, U. 8. Geol. Surv., p. 343.
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O 3.16
HoO itiiiiinineesonenseronnneenennsaneensnessesnnns .81
POy ittt ittt ettt et i e 31
S TP P 7.29
Fixed earbOD o .iiiiiiiiiiiiirneenereecenoasasssnsnnns 13.11
Volatile hydrocarbons . ......covvevieneererrrrsarnnans 8.32

102.90
88 Om=8 L. iiiiiiiiiii i itiie ettt at it 2.74

100.16

Rockwoop ForMATION

The Rockwood formation forms the uppermost division of
the Silurian system. It consists of massive and thin bedded
sandstones with thin beds of fossil shales. It also contains
beds of hematitic or fossil iron ore which are of great com-
mercial importance. The formation in Georgia varies in
thickness from 600 to 1,500 feet. It is not of wide areal
distribution; the strata are highly inclined, and form nar-
row ridges. It occurs in White Oak Mountain, Dick and
Taylor ridges and other ridges and mountains in Floyd,
‘Walker, Whitfield and Catoosa counties. It also forms nar-
row belts skirting Lookout and Pigeon mountains.

The clay shales of the formation may in some places be
of considerable value for clay working purposes. The shales
are brown or yellow in color, fine grained, fissile or minutely
jointed. They may be of great thickness, but are interbedded
with sandstones and very sandy shales. Where near the fos-
sil iron ore bed, they are dark red and highly ferruginous..
In their physical properties they have the same general dis-
advantage that nearly all of the shales of the Paleozoic area
have, namely, low plasticity and strength, and are for this:
reason most suitable when somewhat decomposed by weather-.
ing. They are red burning, and burn to dense compact
bodies at low temperatures. They contain only very small
percentages of lime, and are free from pyrite, and carbon-
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aceous material. Shales of the formation are accessible to
the Chattanooga Southern and Alabama Great Southern Rail-

roads.

RooKMART SraTe

The Rockmart slate formation consists mainly of slates
but also contains some limestone, shale and conglomerate.
According to Hayes it has a thickness of 2,500-3,000 feet, and
at the base consists of a great thickness of slates, which have
resulted from the metamorphism of calcareous shales; the
slates are overlain by a limestone conglomerate and this in
turn by a series of shales and limestones with some sand-
stone and chert. In its distribution it is confined to the
‘southern part of the Paleozoic area and to Polk county. The
best exposures in the formation are seen in the vicinity of
Rockmart.

The slates are minutely jointed, and through pressure a
slaty cleavage has been developed, and the original bedding
of the shale has been destroyed. The rocks have a strong
dip to the southeast and through extreme metamorphism
are contorted and crumpled. The slates are essentially the
same as shales in composition, but by metamorphism have
a stony character and have lost their property of plasticity.
By weathering, the slates change into brown or yellow
material and then show some plasticity. The so-called Caen
-stone at Rockmart is a weathered product of the slates. The
fire and terra cotta clays at Aragon and Rockmart are due
to a weathering and leaching of metamorphosed shales of
this formation. ‘

Weathered shales of the formation together with residual
clay resulting from them are being used in the manufacture
of Portland cement and common brick at Rockmart.
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The following is an analysis of the slate at Rockmart!:

Silica, SI0; «ovverevenenirioeeriiiserisoansasssensans 58.20
Alumina, ALOg .vviiiineniernntiiitienioeseenssnannns 18.83
Iron oxide, Fe05 +vererrnrniereriinssorseorencennnns 5.78
Lime, Ca0 ..uvveeriineeerntneestonncsarsscssosesones 4.35
Magnesia, MO ....ccviiniiriniiiiiiiiiisecscncananen 3.51
Alkalies, (B;0, Na,0)eetviiiiineiiiinsianesnacnnnnas 3.20
Sulphur, 8 tiieiiiiiiiietiiterttiiaiettoanrateoiaenn 49
Carbonm, C ..vvieriineenenennconnnnnnns teeseeesrearne .82
Carbon dioxide, COz cvvveiiirrreiisiesrenenaaenaanans .60
1 7 U R X1

Total .ovvieinieenieerennineesesesnnnneocercannes 99.85

CricAMAUGA LIMESTONE

The Chicamauga limestone formation consists of thinly
and rather evenly bedded, bluish, gray, dove colored and
earthy limestone. It has a rather wide distribution in the
Paleozoic area and according to Hayes? reaches a thickness
of 1,800 feet on the western side of Chattoogata Mountain.

The following are analyses of limestone of the formation:

I II

= Pt .06 .04
Loss on ignition....o.viviiiiiiiiiiiniionnnn, 42.27 37.96
BIO; vivivererrninneainantiiitantiiennan 2.50 14.22
ALO, } .................................... 64 1.13
Fe,0,
Cal .. iviviiienninennnen Neeesaiaesrsanaanns 52,50 33.74
5 o T 1.42 9.66
Undetermined .....vvvvvviienveininncencenss .61 3.25

Total tivvriiiniieieneeesenssnsnroennans 100.00  100.00

I. and II. Limestones from Davitte, Polk county, Dr. Edgar
Everhart, analyst.

The limestones of the formation are used for lime mak-
ing, building stone and in the manufacture of Portland
cement. -

In weathering, the limestone produces a red, or bluish and
yellow residual clay. The residual clays of the formation,

1. TU. 8. Geol. Surv., 18th ann. pt. 5.
2. TU. 8. Geol. Surv,, Ringgold Folio.
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" where sufficiently free from undecomposed rock fragments,
méy be used for clay products, but no attempt has been made
to utilize them for this purpose. In the upper part of the
formation a stiff, greenish residual clay has been noted and
is mentioned in subsequent parts of this report.

Kxox DoroMITe

The Knox dolomite is an extensive and uniform forma-
tion and consists of 3,000 to 5,000 feet of heavy bedded bluish
and gray magnesian limestones. It forms low, rounded
ridges, and a characteristic of the formation is the great
abundance of nodules and layers of chert which it contains.
Economically, it is a very important terrane on account of
the large number of economic mineral products associated
with it—bauxite, iron ores, manganese, road building
material, clays and limestone for building and lime making
purposes.

It forms a broad belt in the northern part of Polk, the
eastern part of Floyd and western part of Bartow counties,
while cherty ridges of the formation having a northeast-
southwest trend and from 1 to 5 miles wide occur in Walker,
Chattooga, Catoosa, Gordon, Whitfield and Murray counties.

The formation is extensively weathered, weathering hav-
ing taken place to a depth of 100 feet or more, and bears some
valuable residual clays. The residual clays, however, are
highly siliceous, cherty, since they have resulted from the
carrying away in solution of the limestone, and are themselves
the clay originally contained in the limestones and which is left
as a residuum after the removal of the limestone. There are
extensive pockets of white or light colored highly siliceous
clays which are of value for fire clays. A pocket of this clay
is now being utilized at Mission Ridge in Walker county. The
formation also produces a red residual clay, but this is of
little value to the clay worker on account of the great quantity
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of chert fragments that it contains. Other valuable clays
associated with the formation occur in connection with the
bauxite deposits of northwest Georgia and the iron ores in the
vicinity of Cedartown. These clays are discussed in detail
in subsequent parts of this report.

CAMBRIAN

CoNasauGA SHALE

The Conasauga shale formation is of Middle Cambrian
age and consists mainly of fine clay shales, which contain in-
tercalated beds of limestone, while the formation is also sili-
ceous and may contain sandstone and very sandy shales. It
has been found quite variable in character in closely adjoin-
ing regions. Its thickness is variable, but always great and
reaches 4,000 feet. The formation is of wide distribution
and underlies an extensive area in the Coosa and Conasauga
valleys. Its areal distribution is shown on the sketch map,
accompanying this report. The formation is everywhere
highly folded and faulted, and the shales are crumpled and
contorted. Near the Cartersville fault or the contact with
the crystalline schists of the Crystalline area, the shales may
be highly metamorphosed and schistose or slaty in character.

‘Weathering has been extensive throughout the Conasauga
terrane and the formation is obscured by red or yellow clay
soils. Near the surface the shales are minutely jointed and
break down into small chips or angular fragments.

The shales of the formation, though having some very
objectionable properties, are of value for brick purposes.
They are generally lacking in plasticity and strength, but
burn to dense bodies at low temperatures. They are gener-
ally fine in texture, and free from carbonaceous matter and
iron sulphide.
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The following analyses will indicate the chemical character
of the shales:

I I m IV
8i0; ..vennnns ereeeeereeaae, 5431 57.31 55330 52.82
MOISEUTE «vvveerernenennnnnns 2.00 102 0420 023
IGAtION oeuenveveeesennnnnns 659 528 4712  7.00
810, (880A) .vvevvrnnnnnennn 19.87 32.88 28,000

21.52 22,006 26.17
7.65 5.950 9.46
0.04 trace reene
0.22 0.490 trace
2.47 1.568 1.08
1.29 821 0.20
2.70 7.128 2.71
1.10 1104 .....

ceees 0.068

100.60  99.597  99.67

I. Shale from Lafayette, Edgar Everhart, analyst.
II. Shale from Chatsworth, Edgar Everhart, analyst.

III. - Shale from Rome, Edgar Everhart, analyst.

IV. Shale from Cartersville, J. M. McCandless, analyst.

The shales are within themselves non-calcareous, though
the Conasauga formation does contain limestones, and is
described as calcareous. - Potash and iron are the chief flux-
ing impurities.

There are only two localities where the shales of the Con-
asauga formatiorr are used for brick making, namely, Calhoun
and Rome. Residual clay from this formation is utilized for
common brick at Adairsville.

Rome ForMaTioN

Underlying the Conasauga formation, there is a great
thickness of sandstone and sandy shales which have been
given the name, Rome formation. The formation reaches a
thickness of 3,000 to 4,000 feet. It consists of red, purple and
variegated thin bedded sandstones and sandy shales. As
mapped in the Rome folio of the United States Geological
Survey it occupies a narrow belt extending from Cave Spring
in a northeast direction through Rome and lying to the west
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of the Southern Railway to Plainville and Oostanaula. It
also forms a north-south belt, in which are located Catoosa
Springs and Tunnel Hill, in Catoosa and Whltﬁeld counties,
and extends into Walker county.

On account of the very sandy and stony character of the
shales of the formation, they are of no value for clay working
purposes.

Beaver LiMESTONE

The Beaver limestone formation is of Lower Cambrian
age, and is composed of gray, magnesian limestone 800 to
1,200 feet in thickness. It is known to occupy a small area
at the base of Indian Mountain in Polk county and in the
vicinity of Cartersville. It is deeply weathered and pro-
duces a red clay, which is, however, usually filled with frag-
ments of quartzite derived from the Weisner quartzite forma-
tion.

‘WEISNER (QUARTZITE

The Weisner quartzite is regarded as the lowermost
Cambrian of the Paleozoic area. It forms Indian Mountain,
and occurs in a belt about 15 miles in length in contact with
the crystalline schists of the metamorphic belt in the vicinity
of Cartersville. It is composed mainly of a great thickness
of quartzite with some sandstone and sandy shales. The
formation does not produce any clays of importance.

IGNEOUS AND METAMORPHIC ROCKS

Forming the Crystalline area of the State, is a great
complex of igneous and metamorphic rocks differing markedly
from the sediments of the Coastal Plain and of the Paleozoic
area. The Crystalline area, which includes the Piedmont
Platean and the Blue Ridge, comprises the entire northern
part of the State, with the exception of ten northwest counties,
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and forms an area of about 18,000 square miles. The rocks
of this area are intrusive and eruptive granites, diorites, dia-
bases and basic magnesian rocks, together with ancient, highly
metamorphosed sandstones, limestones and shales. The
whole region has undergone intense dynamic movements, and
the rocks have been profoundly altered from their original
condition. The sediments have been so metamorphosed that
little trace of their original texture remains. Fringing the
Paleozoic area there is a belt of mica schists, which were
ptrobably originally sediments. The igneous rocks have also
often been converted into gneisses and schists. The rocks
have been intensely folded, crumpled and faulted and exten-
sively eroded.

The non-decomposed rocks of the Crystalline area do not
furnish material suitable for clay products, but by the agency
of weathering some valuable clays have been formed. The
rocks of this region have been subjected to atmospheric agen-
cies for enormous lapses of time, and by the action of rain,
frost, wind, and by the chemical action of gases in the atmos-
phere, and by plants and animals, the rocks have decomposed
to great depths. The feldspathic and other aluminous min-
erals have formed clay, and the more stable minerals, as
quartz, form mechanical detritus.

As a result of decay from weathering of highly feldspathic
granites and pegmatites, deposits of residual kaolin have been
formed. Throughout the Piedmont region the rocks have
weathered into a conspicuous red clay soil.  The residual
clays resulting from rock decomposition have been taken into
suspension by rainwater and transported to the foot of

slopes and thence into small ravines or branches and into
“larger streams where they are partly dropped, forming allu-

vial clay deposits. Residual kaolin is mined at only one
locality in the Crystalline area, but occurrences have been
noted at a number of other localities. Alluvial and colluvial
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deposits of clay in the Crystalline belt furnish some excellent
material for common brick, earthenware and terra cotta.
The metamorphic schists and their weathered product are
being used at two localities for clay products. The residual
clays of the region are unimportant within themselves, but
are used in mixtures with other clays. ‘

Crays Derivep From r1HE Granites.—The main granite
areas lie in the Piedmont Plateau, but throughout the entire
Crystalline area, there are small intrusive masses, sheets,
veins and pockets and pegmatite dikes. The principal gran-
ite areas are: 1. The Stone Mountain-Lithonia area, which
extends southwestward through Campbell county, and under-
lies a great part of Coweta, Troup and Meriwether counties;
2. The Elberton-Lexington area; 3. An area stretching from
Washington through Greensboro to Eatonton; 4. A narrow
belt extending from Milledgeville along the Fall Line almost
to the Savannah River. In addition, during field work the
writer observed numerous small masses, dikes and sheets in
Paulding, Cherokee, Pickens, Towns, Union, White und
Rabun counties.

‘The granites are composed essentially of quartz, feldspar,
mica (muscovite and biotite) while smaller amounts of acces-
sory minerals as magnetite, apatite, zircon, chlorite and pyrite
occur. The decomposition of pegmatite or highly feldspathic
granites produces residual kaolin deposits. Such deposits
likely to be in commercial quantity were noted at Union Point,
Jasper, and Dallas. The residual clays derived from the
granites are unimportant since they contain such a large per
centage of coarse sand and rock fragments that they are un-
suited for brick or other purposes. The clay from the resi-
dual deposits, however, is washed into small valleys and light
colored plastic clay deposits result. A typical deposit of this
type is that on the property of Chas. T. Moses, near Turin,
Coweta county. This is subsequently described. The follow-
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ing is an analysis by Dr. T. L. Watson?, of a red residual clay
derived from biotite granite, near Greenville:

0 T 51.29
. 0 A 29.69
FO,Op cevvesencenenanessessecssatoscacssnsssoscsnnns 6.33
07T 07
4 0.14
NaO toirerresnecenaensionesninscsnscesosessesssnnns 112
£ 1.50
Tgnition ..ovoeeoieiiiiiiieiiieriiiriiiiiiieieeneiannn 10.36

A 7 100.50

MEeTaMoRPHOSED SEDIMENTS.—Metamorphosed sediments
are being utilized at two points in the Crystalline area for
clay products. Near Bolton, in Fulton county, they are used
in the manufacture of building brick, and at Belair, in Rich-
mond county, they are mined and utilized for sewerpipe and
paving blocks, in mixtures with other clays. The rock at the
two localities mentioned was probably originally shale, but it
has been so completely altered that but little trace of its origi-
nal condition remains. Fringing the Paleozoic area there is
a belt of contorted and highly folded hydromica schists and
slates, evidently derived from sedimentary rocks. They are
nwithin themselves non-plastic and hence of no value to the
clay worker. They are intimately cut by quartz veins and
the soil resulting from them is full of quartz fragments.
There are areas of quartzites, limestones and phyllites
throughout the Crystalline belt, but these do not contain clays
of economic value.

Basic Eruprives axp Scrists.—The basic eruptives, horn-
blendites, and diabases yield upon weathering a deep red clay
soil. This clay is of but small value for clay products. Mica-
schists of obscure origin underlie extensive areas and pro-
duce a stiff red clay, which would be serviceable for brick pur-
poses were it not for the great abundance of coarse quartz
fragments which it contains.

1. Ga. Geol. Surv., Bulletin 9-A, p. 315.
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THE KAOLINS AND FIRE CLAYS OF GEORGIA

InTRODUCTORY STATEMENT.—(Georgia may be divided geo-
logically and physiographically into three main divisions—the
Paleozoic area, the Crystalline belt, including the Piedmont
Plateau and the Blue Ridge, and the Coastal Plain. The Pal-
eozoic area is a region of folded Paleozoic sediments, lime-
stones, sandstone and shales, occupying the northwestern cor-
ner of the State and forming an area of approximately 3,500
square miles.

The Crystalline belt” embraces the north, northeast and
north-central parts of the State, and is a region of granites,
gneisses, schists, basic eruptives and highly metamorphosed,
ancient sediments.

The Coastal Plain embraces all that part of the State
lying south of Augusta, Macon and Columbus, or the Fall
Line. It is underlain by Cretaceous, Tertiary and Pleisto-
cene deposits. ,

All three of the main geological divisions of the State are
known to contain valuable deposits of kaolins and fire clays,
and the clay deposits of these three divisions shall be consid-
ered separately, partly for convenience of description, and -
partly because the deposits of the three regions are unlike
in nature and origin. The clays of the Coastal Plain are the
most valuable commercially, and the description of these clays
will be taken up first.

As above mentioned, the strata of the Coastal Plain are of
Cretaceous, Tertiary, and Pleistocene age. These forma-
tions are of sedimentary origin, and consist mainly of sands,
clays, marls, and limestones, the sand and clay greatly pre-
dominating. The beds lie upon the eroded surface of the
ancient rocks of the Crystalline belt, and have a gentle slope
southeastward. The line of contact between these compara-

tively recent and soft formations, and the ancient crystalline
rocks of the Piedmont Plateau is known as the Fall Line,
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because of the falls and rapids in the streams, which flow from
the Piedmont region, at this line of contact.

The falls result from the difference in character of the
geological formations, the crystalline rocks being hard and
difficult of erosion, while the Coastal Plain formations consist
of loose and unconsolidated sand and clay, easily eroded. The
Fall Line extends in a northeast-southwest direction entirely
across the State, and is marked by the cities of Augusta, Mil-
ledgeville, Macon and Columbus.

Tt is to be remarked here that the kaolins of the Coastal
Plain are of sedimentary origin, and thus differ from much
of the kaolin on the market, which is residual in origin, and
which is derived chiefly from the weathering of pegmatite
granite. No objection can be made to the term kaolin being
applied to these sedimentary clays, inasmuch as they are
white burning, and approach the chemical composition of
kaolinite. They do differ, however, in their physical proper-
ties, being much more plastic and generally having higher air
dried strength than the residual kaolins. The suggestion?!
that they be termed plastic kaolin to distinguish them from
residual kaolins, is a good one.

1. H. Ries, Clays, Occurrence, Properties and Uses, p. 165.



CHAPTER V
CRETACEOUS KAOLINS AND FIRE CLAYS

The most extensive and purest clays are found in the
northern part of the Coastal Plain, and are known as the Fall
Line belt of white clays. They occur in the Cretaceous sys-
tem of rocks, and are confined mainly to the Tuscaloosa
(Potomac) formation. The Tuscaloosa is a belt of cross-
bedded sand, gravel and white clay, lying in contact with the
Crystalline rocks, and extending the entire width of the State.
Deposits of high-grade clays have also been discovered in
the Tertiary formations to the south of the Fall Line. The
general geological features of the Coastal Plain formations
have been discussed in previous chapters, and the discussion
will not be repeated here. The importance, however, of
knowledge of the geological structure, occurrence, and origin
of the clay beds can hardly be overestimated in carrying on
intelligent prospecting for and mining of the clays.

The detailed description of the Fall Line or Cretaceous
clays will be taken up first, and will be followed by a discus-
sion of the,less extensive Tertiary clays.

TWIGGS COUNTY

This county is about the geographical center of the Fall
Line belt of clays. It contains the most valuable and perhaps
the most extensive beds of white clays to be found in the State.
The mining of clays is actively carried on at one locality, bat
there is not a clay manufacturing industry in the county, and
its clay resources have hardly been touched.
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Dry Brance Rruaron

Dry Branch is located on the Macon, Dublin and Savannah
Railroad, 9 miles southeast of the city of Macon. Within the
vicinity of this station four companies are actively engaged
in the mining and marketing of high-grade clays. The clays
mined are kaolins, suitable for pottery and paper trade, and
high-grade fire and sagger clays. ‘

Tae Grorcia Kaorixy CoMPANY

This company operates a mine two miles southeast of Dry
Branch. This is the first of the present companies to engage
-in mining and marketing high-grade clays.  Much credit is
due to the gentlemen forming this company for their faith in
the value of the clay and their persistence in compelling manu-
facturers to recognize its merits.

The clay mined occurs in one massive bed, which, in the
pit that was being worked during 1907, attained a thickness
of 20 feet. This entire thickness is probably as much as 85
per cent. pure clay, and in places the clay oceurs in minable
quantities as high as 98 per cent. pure without washing. The
clay bed'is overlain by variegated, massive sands and impure
clays, and its base is seen to gradate into a micaceous, kao-
linie, quartz sand. Prospecting at other points removed from
the clay pit, has revealed a great thickness of clay, which
is certainly a continuation of the hed that is being worked, and
the quantity of clay available is, without doubt, sufficient to
justify extensive mining operations. The purity of the clay
at points where it is entirely concealed, can not be foretold
with accuracy, though there is no geological evidence to indi-
cate that it may be expected to show any greater amount of
impurities than at the pit.

The following is the vertical scetion exposed at the pit
which was being worked at the time of my visit to the prop-
erty: -
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Feet
1 Massive, fine, red sand, reaching a maximum of 100 feet...... 100
2 Greenish and drab, stratified elay.............coiierininan 15
3 Massive, fine, yellow sand............oocviiunrenruaennneernns 12
4 Soft limestone and limestone and kaolin conglomerate......... 4
5 Massive, jointed and slickensided kaolin..................... 20

The clay, as it appears in the bed and in the moist condi-
tion, is a drab or cream color, but becomes white when dry.
The bed is jointed throughout, and presents slickensided sur-
faces along the joint planes. The clay in the upper part of
the bed is a semi-hard to a flint clay, and may be stained
slightly along the joint planes by manganese and iron oxides.
The manganese is rarely in appreciable quantity and occurs
as a very thin coating or stain, or is often in the form of fern-
like dendrites. In the upper part of the bed there are also
curious ‘‘fingers’’ and ecylinders of sand, penetrating the
white clay. This is a phenomenon observed nowhere else in
the Dry Branch region, and is difficult of explanation. The
“‘fingers’’ of sand are usually vertical or oblique, and are not
more than one or two inches in diameter. The sand in them
is a yellow, coarse quartz, clayey sand, which may be calca-
reous, and has been observed to contain poorly preserved
fossil remains. These ‘‘fingers’’ are not large nor very
abundant, but detract from the value of the clay where they
occur and the upper part of the bed is thrown away as waste,
or sold as fire clay and sagger clay. They are confined to
the upper two or three feet of the bed, and are probably
purely local and may not be found at all in future work.

The lower part of the bed is a soft, white, gritless kaolin
which is pure enough to place on the market without prelimi-
nary washing. ,

The material overlying the clay bed, or the overburden,
consists of loose, red and yellow sands, soft, greenish and
drab clays, and local, thin beds of soft limestone. The sand
and clay are unconsolidated, and can be easily removed by
serapers and steam shovels. The limestone is very soft, and
the beds are not. persistent. In plate X, a limestone bed
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may be seen lying unconformably upon the clay bed. The
base of the bed here is a curious limestone and kaolin con-
| glomerate. In an old pit a few yards to the north, the lime-
gtone bed is not seen, and is replaced by loose sand. The
amount of overburden at present, is 30 feet. This thickness
will gradually increase to a maximum of more than 100 feet,
should the clay hed be worked back to the crest of the hill.

The clay bed outcrops at the bases of the hills and is al-
most horizontal, having only a very small dip to the south-
ward. This fact will be found of great importance in locat-
ing the clay bed and in estimating the amount of overburden
to be removed. Variations in the thickness of the bed may
occur, which are due to irregularities of deposition and to
erosion of the clay bed before the deposition of the overlying
strata. A structural feature which has an economic applica-

.tion, is the jointing. The joints have no definite system or
fixed direction, and may be oblique, vertical or horizontal, and
the bed may be minutely jointed or there may be only large
cracks at wide intervals. The jointing has the appearance of
being due to shrinkage of the clay mass, and not to orogenic
movements. Some movement has taken place along the joint
planes, and slickensided surfaces have been caused by the
gliding of one mass of clay over another. During rainy
weather water penetrates these joints, and acting as a lubri-
cant along the already slick surfaces, masses of clay slip off
from the clay face by gravitation. The jointing has also
affected the purity of the clay, since waters filtering through
the overlying iron stained sands, have taken iron oxide into
suspension and deposited it in the joint cracks of the under-
lying clay beds.
. The clay is mined from open pits. The overburden is
removed from the top of the bed and 15 or 20 feet back from
the clay face or breast, to avoid the possibility of its caving
and filling the pit. The clay is then mined by hand with picks
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and shovels. The jointing is taken advantage of, and long
wooden or steel stakes are driven into the top of the bed near
the edge of the clay breast, and large chunks of clay thus
pried off. The clay is taken from the pit in chunks six inches.
to two feet in length, and hauled in cars by a wire cable to the
air drying sheds.

The Georgia Kaolin Company mines and sells pottery and
paper kaolins and fire and sagger clays, nearly all of which
go to Northern markets. None of the clay receives mechan-
ical treatment other than crushing, but the company is now
making preparations to install a clay washing plant, the ob-
ject being to secure uniformity of product, and to avoid waste
in mining.

Laporatory TEsts.—The following is a chemical analysis
of the kaolin which is mined and shipped for pottery use and
to paper manufacturers. The sample was selected from the -
pit and is believed to represent the average as near as pos-
sible:

Analysms of a Kaolin From the Pit of the Georgia Kaolin

Company
Moisture at 100° C....ocvvvireerrrrnenansnrrncscncans 1.22
Loss on ignition, water......ceiiieiiiiiiessnnneenenns 13.46
Silica, S10; cvvvivreccnsnnnseresosesassssnaans eseaes 44,76
Aluming, ALOs cevvecessnossoroceserncscarssnsscsranes 38.41
Iron oxide, FE,0p «ovcvviinrnieiennnncnannnersnnennes .63
Lime, Ca0 ..i.iveirniirererssocrocarvessnnsorensssans .20
Magnesm, MgO ..iviineeerannnenannesesosssoasannnns .09
Soda, Na,0 .voverriierrereeensnroasesncnescocsannnns .09
Potash, KyO .vvveriveiieerrrersssoanncssaassssennnns 35
Tltanmm dioxide, TiO; cevvevereenrensrnnennnccanas 1.37
Sulphur, S....ieiiiiieieiiiiiiiiiiiiiiiiiiteirreiaea none
Phosphorus pentoxide, P.Os «.ovvvviiiniiiiinininnnnns none
100.58

Rational analysis:

Quartz........eo0uunn. none
Feldspar......ocvvuvee .68 Sand.......... -68
! Clay SUDBEANCE «vvvvvereeenrnenenrnmnvenennnes 99.32
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The amount of water required to work up the clay to its
maximum plasticity, was 44 per cent., based upon the weight
of the dry clay. The clay, however, will develop good work-
ing plasticity with a much smaller percentage of water. The
air shrinkage was low, averaging 4 per cent.; the tensile
strength of the air dried briquettes averaged 28 pounds per
square inch.

Burwing Tests

Cone Fire-Shrinkage Color Condition
1 3.9% white soft
4 7.9% white ........
5 8.3% white — ........,
8 12.0% white shows checking
im . e white steel hard, not vitrified

At cone 8, shows slight checking or cracking, is white, but
shows minute, dark specks. At cone 1 it was pure white, but
very soft. The water absorption was high, owing to the
cracks which developed in burning.

The clay is a high-grade fire clay in point of refractori-
ness, having a fusing point above cone 33, 3,254° F.

Examined under the microscope, the clay consisted princi-
pally of translucent and milky aggregates of a silicate of
alumina, which is the clay substance, very fine flakes of mus-
covite mica, and rarely an angular particle of quartz. There
are also minute particles of black minerals, which have not
been identified positively, but are most probably particles of
hornblende or augite, or possibly ilmenite. Yellow iron oxide
was observed to form a coating over the clay particles and is
in a very finely divided state. Microscopic examination does
not reveal a large percentage of sandy impurities, yet the
quartz and black minerals could be largely eliminated by
washing and the quality of the clay improved. |

The clay shows good slaking properties. A one-inch cube
after being thoroughly dried, was placed in a beaker of clear
water, containing 250 CC. The clay slaked completely in 6
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minutes, to a pulverulent mass. The water was thoroughly
stirred and was observed to be milky, 48 hours after the
stirring, showing the minuteness of the clay particles and
their quality of remaining in suspension in water.

A second sample of clay from this property was tested to
determine its air dried strength. It came from near the
bottom of the clay bed and was slightly darker in color than
the above sample. The clay shows good plasticity, and its
average strength was 46 pounds per square inch. It is not
known in what quantity this clay occurs. However, it is
certain that clays from different parts of the bed will show
variations in air dried strength. :

The clay mined by the Georgia Kaolin Company is used
in the manufacture of white ware pottery, electrical porcelain
and sanitary ware. The combination of white burning quali-
ties and a good air dried strength, together with excellent
plasticity, makes it a very desirable clay. It is also exten-
sively used by paper manufacturers as a filler for paper.
Saggar clay from these mines is shipped as far north as
Canada.

ATraNTA MINING AND CraY CoMPANY

This company operates two pits on the Macon, Dublin &
Savannah Railroad, 2 miles south of Dry Branch. The oc-
currence of the clay here is quite similar to that at the mines
of the Georgia Kaolin Company, just described.

A thickness of 25 feet of clay is known to occur, but at
present only 8 to 15 feet are mined. The clay bed is for the
most part, a soft, plastic, white clay. The clay is massive:
and occurs in a single bed; it is jointed and shows slickensided
surfaces, but presents no definite system of jointing, and is
slightly stained by iron and manganese oxides along the joint
planes. The bed shows variations in thickness, due either to
irregularities of deposition or to erosion. The strata here
are almost horizontal, and are but little disturbed from their
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original positions. The clays in the two pits, about 200 yards
apart, are parts of the same bed. The clay bed becomes mica-
ceous at the bottom, and is underlain by white sand and
gravel.

The overburden consists of unconsolidated sand and im-
pure clays. The soft limestone seen in the overburden at the
pit of the Georgia Kaolin Company does not occur here,
although the strata in both instances occupy the same geologi-
cal position, and the two places are only about 2 miles apart.
The overburden will increase as the clay is worked back into
the hill, and will reach a maximum of 100 feet, this being the
height of the hills above the small valley in which the clay
bed outerops and in which the pits are located. The follow-
ing section made in pit No. 2, shows the nature of the over-
burden:

Overburden at Pit No. 2, Atlanta Mining and Clay Company

1 Fine, loose, red 8and....cvvniiiiiiiniiiiinaeians 3 feet
2 Greenish, laminated, tough elay........coovvuuinn 4 <«
8 Very fine-grained, red sand.......coevvivveennnnen 5 ¢«
4 Dark elay layer....ccovvveirniirennscrrsosennans 1 ¢
5 Red, micaceous sand, containing smutty particles

of & manganese 0Xide.....c.vviovnvscronnnsanns 4 ¢
6 Yellow, ocherous 8and.....cocvvvivueenrononnenses 3
7 8and, containing white clay pebbles............... 3 ¢«
8 White, kaolinic sand.........coviiiiiiiiinennnnns 8 ¢«
9 White kaolin .....cvvuiiiiiiiiininierenneannnnnns 12 ¢

The section in pit No. 1 is as follows:

1 Graysand .....covviiiienierinennccncnssnsannses 4 feet
2 Drab-colored, thin-layered clay.......ocvvvvennnnnn 3 ¢«
3 Yellow clay and sand......ccvvviivennincnncaenen 2 ¢
4 Vermillion colored sand......coevuverennsnennnns 5 ¢
5 Yellow, ocherous sand........ccevevvvncnnnnscannns 8 ¢
6 Greenish, sticky clay sand...........civeiinniui.. 5 ¢
T White clay ...vvvvveriiiirnriioieescnsennnanns 15 ¢¢

It will be observed that the overburden at each of the two
pits is composed entirely of soft rock, and that the two sec-
tions show no material difference. The study of the above
sections also affords a ready explanation of the caving of the
overburden and the filling of the pits with water during rainy
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weather. The overburden is for the greater part loose sand,
and rainwater readily filters through it, and a gradual slip-
ping from gravity results, and when the water reaches the im-
pervious white clay bed, it issues as springs and flows into
the clay pit.

Mining is carried on in open pits, and the overburden is
removed by a steam shovel. The clay is mined by hand and
hauled in large chunks to long air drying sheds. Pottery,
paper and fire clays are mined.

The followmg is an analys1s of the paper and pottery clay
from pit No. 1

Analysis of Kaolin From Pit No. 1, Atlanta Mining and
Clay Company

Moisture at 100° C..vvtiirriiiineriniinrrinnnereenns
Loss on ignition, water....

Silica, Si0; ..cvvviieennnns

Alumina, ALO; ..covvvnnn.

Tron oxide, Fe,0z «cvvvnnnn e iiiiiiiiiiniennennns
Manganous oxide, MnO
Lime, LT 0 N
Magnesia, MgO ....coiviieniniiiectrininnerannnencsans
Soda, Na,0 cvivveirenunncneecensesansssornsocasanaes
Potash, KgQ ...vvvivereneieeecnnnensnesesonnencnones
Titanium dioxide, TiO; .........cvvuune. seesierriaaes 115

Quartz......c.covvennnn 1.57

Feldspar.......oveeen. trace % Sand......c..leennln 1.57

Clay subBtance ......ccevvivesoencerncencscssncsssensns 98.43
13 7 100.00

This clay is a cream color when moist, becoming white
when dry. When moist, it has an unctuous or greasy feel,
and cuts like a piece of cheese. It is almost entirely free
from grit, none being detected by the sense of touch. Under
the microscope, angular quartz particles may be recognized,
and the clay particles may contain a yellow coating of iron
oxide. Minute flakes of muscovite mica probably occur in
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the clay, but are not abundant, and are difficult to distinguish
from the clay.

PaysroarL Tests.—When worked up with 31 per cent. of
water, the clay developed good plasticity, and showed an
average air shrinkage of 5.4 per cent. The tensile strength
of the air dried clay was low, being 16 pounds per square
inch. It slakes readily in water into a pulverulent mass.

Burning Tests.

Cone Fire-Shrinkage Color
4 6.7% . white
9 14.3% white

At cone 4, 2,210° F, the clay burned to a pure chalky white
but the bricklet cracked badly in the burning. At cone 9,
2,350° F., it burned white, steel hard, and showed slight crack-
ing. Vitrification takes place only at very high tempera-
tures. In point of refractoriness, it is a fire clay of the high-
est grade, being unfused at cone 33, 3,254° F.

The foregoing tests are remarkable inasmuch as the clay
has received no mechanical washing or purification. This
clay should be suitable for use in the manufacture of china-
ware, sanitary ware, encaustic tiling, etc., and also for terra
cotta, ornamental building brick, and high grade fire brick.

A white clay sample from No. 2 pit gave the following
* analysis:

Moisture at 100° C....ovvvreinnreenensroronanssnenns .93
Loss on ignition, water...........cooviiiiiiiiiiinnas 13.73
Siliea, SI0; voverrrerierrieronsrrotrstiiaroirsseancans 44.97
Aluming, AlLLOg covivriiineecrnereeacsnsssossroasensans 38.51
Tron oxide, F'e,05 . .evvvinnrenecneesononsarsoasnsians 51
Lime, Ca0 ..civiieerrvnrssonccssnosnessacscssensices 00
Magnesia, MgO ....couivererinnrinnrerensenencsensans .16
80da, Na,0 ..cvvveeeeesancserccsrstascansscssannsans trace:
Potash, KO .....coveveeescncsentossonsascesssncenns trace

Titanium dioxide, TiO; v ..vvvveieersesssraesenocasesns 1.36
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The kaolin contains:

Feldspar.....coeuueene .00

Quarr 35§ Sl 33..

Clay substance ........cieeeveervansccsssvvsnccrancns 99.67
7 100.00

The purity of this clay is remarkable, and so far as the
writer is aware, no other kaolin in the United States, the
analysis of which has been published, equals it in purity.
The common fluxing impurities amount to only .67 per cent.
The presence of the .16 per cent of magnesia, is rather diffi-
cult of explanation, but may have been derived from mica.
The high per cent. of TiO, affords evidence that the titanium
is in chemical combination with the aluminum silicate or
clay, and does not exist as a separate mineral particle.

Of course it is not to be supposed that the entire thick-
ness of the bed will maintain such remarkable purity. The
top of the bed which is in contact with the overlying iron
bearing sands, is more or less stained, and throughout the
bed there are yellowish segregations of limonite. However,
by proper selection, a great quantity of kaolin, approaching
in purity the above sample, can be obtained.

Prysicar. Tests.—With 38 per cent. of water, the clay
was very plastie, and showed an average air shrinkage of
4.6 per cent. The average tensile strength of six air dried
briquettes was 20 pounds per square inch. The clay is soft
and slakes readily in water, but does not seem to remain in
suspension for any length of time.

Burning Tests

Cone Fire-Shrinkage Color
4 5.4% white
9 9.7% white

At cone 4, pure white, without cracking. At cone 9, pure
white, very slight cracking, dense body, steel hard, and white
under a clear glaze.
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The clay is highly refractory, and becomes vitreous at

cone 33.

This clay has been proven very suitable for white ware
pottery.

Cray SampLE No. 3.—In grading for a railroad spur track,
a bed of white clay was encountered, a continuation of the
bed exposed in pits No. 1 and No. 2. A chemical analysis
of a selected sample from this bed shows:

Moisture at 100° C...ovvenvvnnnnns fhecesteraasaaaeans .87
Loss on ignition, water....c.ceeviiierarcrincsencannnss 13.48
Silica, S10; «vvveenriiiiriiiiiiteteteresranssonnranes 45.15
Alumina, ALO; ...vvviiviinrininenrncnncannsesascses 38.10
Tron oxide, Fe,05 cvvvevrneiinniinncennncosscannansans .80
Lime, Ca0 ...vvieiveiioeienrsreseneecatsenssasosonns .00
Magnesia, MgO ...coviiiiinnrieiiirnnincnnecimananss .06
S0da, Na0 tieveuriiiesrnciassreesssnsencconeasassans .02
Potash, K;O .ovvviviernnirensonnsnsssessconnascrnnne .05
Titanium dioxide, TiO; sseeveeveesrsassaceresasennnes 1.38

B4 7 Y 99.91

The kaolin contains:

Feldspar....ceovreooes .00

QUATEZure veonnenesnons .74} Sand.....covvevennanen 74

Clay substance «....eeceeeesvosesesocssscnsscrescanss 99.26
Total .....covvvennne Gsereeesaseecnnnnscnnnennns 100.00

The quantity of this clay available, has not been deter-
mined.

This clay is pure white, very fine grained and free from
grit, and is much harder than the two clays just described.
It is brittle when dry, breaks with a conchoidal fracture,
and has good plasticity, notwithstanding a slightly ‘‘mealy”’
character. It has an air shrinkage of 4 per cent. and an

average tensile strength of 47 pounds per square inch.

Burning Tests

Cone Fire-Shrinkage Color
3 6% white
9 14.3% faint cream

13 14.8% bluish-white or gray
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At cone 3, soft and porous. At cone 9, it showed a faint
cream tinge and cracked badly. At cone 13, steel hard, but
cracked badly.

A laboratory test of a pottery mixture, in which clay No.
3 and No. 2 were employed, was made by the writer. The
mixture consisted of:

NO. 3 ClaYeunveiirsreessatesssonesssessarcnsnsnssnne 40%,
NO. 2 Clay.veeineeieinieoananossssnsonssanoransanns 25%
1S ] 7 25%
FhDE tvreerierennneeoeensesenenanansesosannoannssnns 10%

The mixture was quite plastic and showed a tensile
strength of 30 pounds per square inch. The air shrinkage
was 3.7 per cent. and no cracking was observed in drying.
A sample was burned in a muffle to cone 9. The burned
bricklet was semi-vitreous, tough, and burned white with only
a slight amount of checking.

In the above mixture, using the exact percentages given,
no pretensions are made that it would be successful in prac-
tice. It is intended merely as a suggestion, that a good
porcelain body can be made at the mines without the importa-
tion of any other clays. It is believed that a successful pot-
tery mixture might be only a matter of experimenting by an
intelligent potter. On account of the clays vitrifying only at
very high temperatures, a large per cent. of fluxing material
will be necessary.

Physical Tests on Fire Clay from the Pits of the Atlanta
Mining and Clay Company

This clay is composed mainly of the top parts of the beds
and of the clay which is too impure to be of value for pottery
or for the paper trade. It contains more sandy impurities
than the selected clays.

‘When made up into a good working plasticity, it showed
an average air shrinkage of 3.8 per cent., and a tensile
strength, 140 pounds per square inch.
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Burning Tests

Cone Fire-Shrinkage Color
1 61% dull white
4 6.3% dull white
14 9.4% light buff

At cones 1 and 4 dense bodies, without cracking.

This should be an excellent clay for terra cotta and offers
opportunities for white or buff ornamental building brick.
The clay has good bonding power and will retain 50 per cent.
of non-plastic material and preserve its high strength.

P or TaE Macon Minize Company.—This pit is located
114 miles south of Dry Branch and was formerly known as
the Payne and Nelson Clay Pit. The property is now owned
by the Atlanta Mining and Clay Company. No mining has
been done here since 1903. The clay bed at the time of my
visit was largely covered by debris, but 8 feet of clay was
exposed. The clay appears to be excellent in quality, and
free from iron stains, except at the top. The clay is white,
free from any large amount of grit, soft, and has an unctuous
or soapy feel. Near the top of the bed some of the clay was
observed to be semi-hard and broke with an angular fracture.
The bed was overlain by 20 to 30 feet of unconsolidated
Tertiary sand and clay. Increase of overburden and a prob-
able thinning of the bed were most likely the causes of
abandonment. The clay is reported to have been a high grade
paper clay.

This property was examined by Dr. G. E. Ladd* in 1898,
who gives the following analysis of the clay:

1. Bulletin 6-A, Geol. Burv. Ga., p. 132.
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MOISEUTE vovvienennarenccenssscosasssnosssasssarsans 1.91
Combined WALOT ......covvierrnnnrarsseearanovsssonnns 13.39
Combined SIliCR .v.vvvecenecarecassrossancsamassansss 43.08
Free silica, or sand. .....ovvvvuiiiemnecnrnnnentiannnes 1.94
AIUMING . .iviiiernenresacassosscncsscassssecansacnns 40.63
Ferric oXIde ...vvvveeviiinarcansssssssncsanrsoscnenas 1.01
LiMe ..vieveereeronaronasreconseassnncosocanssannes 16
Magnesia .oovverecnracererereerreeesnsescsasasoanses 00
Potash .......ciiiieiinennneccnsncissnanensonsoances 27
B0d8 tivvivesseresicrenstseaccresscscsancastsncsnone trace

100.48
Clay DABE «.coeereacsnsncssssosseaccacssssssssascnnas 97.00
Fluxing impurities ..........oiviiiiiiiiiiiianenianes 144

The high percentage of alumina is due to the fact that
TiO, is included. It is reported to have burned white to
pinkish, and to crackle in the burning. The tensile strength
was given as 12 to 15 pounds per square inch, and its fusing
point between Seger cones 35 and 36.

The bed here is in the same geological position as the
beds just described at the pits of the Atlanta Mining and
Clay Company, and the Georgia Kaolin Company. The
overburden is similar, and the kaolin itself, does not differ
materially.

AnmEericany Cray CoMPaNY

The pit of the American Clay Company is located on the
Macon, Dublin and Savannah Railroad, 114 miles southeast of
Dry Branch. The clay is a soft, iron stained kaolin, and is
sold entirely to paper manufacturers.

The clay bed is known to attain a thickness of 18 feet, the
upper 10 feet of which is stained more or less yellow by iron
oxide, while the lower part is a soft, gray, micaceous clay.
The condition of the clay bed here, as elsewhere in the Dry
Branch region, is likely to present variations, and a des-
cription can not be permanently applicable in its details.
‘While it is characteristic that the clay beds of this region
present variations in thickness, there is not much likelihood
of abrupt terminations of thick beds; and there can be no
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doubt that there is an enormous quantity of clay available.
The clay here is a continuation of the clay stratum exposed
in the pits of the Georgia Kaolin Company, and the Atlanta
Mining and Clay Company.

At the time of my examination, the clay differed not-
ably in two respects from the clay at other points in the Dry
Branch region. The whole thickness here is remarkably soft
and friable, whereas at other localities there have been hard
and even flint clays occurring. Secondly, the amount of iron
oxide staining, is greater, and the staining is not entirely
confined to the jointing, but may permeate the mass of the
clay to a greater extent than observed at other mines.

The great amount of staining necessitates a careful selec-
tion of the clay, a great deal more ‘‘culling’’ and a conse-
quent increased waste. As a result of the iron oxide, the
clay is a cream color to a light yellow when moist, but it is a
surprisingly lighter color when dry.

The amount of overburden in the present pit, is from 20
to 30 feet, and will reach a maximum of about 80 feet, if
the clay bed maintains its thickness and is worked back a dis-

-tance equal to the distance to the top of the ridge. The
overburden consists of unconsolidated sand and clay, and its
removal presents no special difficulties, except for its caving
during rainy weather.

The overburden contains a peculiar occurrence of white
clay. From four to twelve feet above the top of the main
clay stratum, there is a layer of pisolitic and concretionary
white clay, closely resembling bauxite. The layer is from
six inches to three feet in thickness, and may grade into a
kaolinic sand. So unusual was the form of the clay and so
closely did it bear a resemblance to bauxite (aluminum ore),
that a chemical analysis was made to determine its composi-
tion. The analysis, however, showed that it did not differ
materially in composition from the massive white clays, and
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that the aluminum was in combination as a silicate and not as
an oxide. Veinlets of white, lustrous halloysite are
associated with this concretionary layer.

Mining is carried on in an open pit, which is roughly cir- °
cular and is about 250 feet in diameter. The overburden is
shovelled by hand labor into dump cars which are pulled from
the pit by a steam hoister, and are dumped into a near by
ravine. Water is a constant source of annoyance, and it is
necessary to keep a steam pump in operation to drain the
pit. The clay is mined entirely by hand labor. Stakes may
be driven into the top of the bed and large masses of clay
pried off. This is facilitated by the intersecting jointing, and
is applied only at the top of the bed. The middle and bot-
tom of the bed is picked down with broad pointed, curved
picks. Blasting with dynamite is sometimes resorted to,
although the method has not found much favor. After the
chunks of clay are taken from the face of the bed, they are
sorted into No. 1 and No. 2 grades, determined by the color.
Small, short-handled, hoe-like knives are used for cutting out
the iron stains and thus obtaining the highest grade of clay.

Laboratory Tests on No. 1 Clay from the Property of the
American Clay Company, Dry Branch

The following is the chemical analysis of the No. 1 paper
clay:

Moisturé at 100° C.vevvrerrrerrrsvacncrsocnsesennanns 1.00

Loss on ignition, water........covviveiiernnniinninas 13.86
Silica, 10, . cvveiitiiiiiiriitisiiotisartisisereacens 4467
Aluming, ALOp «.vviveverenenssosrrncsnsncsssosssnnsn 38.76
Iron oxide, F'e;0s «ovvvveviiereincitirtninencnnanennns .85
Lime, Ca0 . ..uiveeinreinssrroeosstoscssessossocscasess - trace
Magnesia, MgO ...crtriiiierorererreannanosocsnasnss .08
80da, Na,0 iveiirurraireriossecsasasssassanessnnaas trace
Potash, K;O ...coiiiiiiiiiiiiiiienerniieasnannnannas trace
Titanium dioxide TiO; vevuviviieveneeerneenrernnenees 1.37
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The kaolin contains:

Feldspar...ccceeeevass tr l

Quartz.....cevnieeeenns tr. Sand.........ccieineen trace

MiCa. . vrsecsoonesnnens tr. )

) A T - U U .85

Clay substance ....cciveiiirvenereennnieerennennonnne 99.15
b 100.00

The above analysis is of the purest clay and does not

represent the average of the clay breast.
- Under the microscope, no minerals can be recognized,
except milky and translucent aggregates of kaolinite, with a
coating of iron oxide. Rarely muscovite and quartz par-
ticles may be detected. _

The clay is very plastic, and may be worked up into a
doughy mass. The average air shrinkage was 4.7 per cent.
and no cracking took place during drying. The tensile
strength was very low, not exceeding 12 pounds per square
inch.

Burning Tests

Cone Fire-Shrinkage Color
4 6.7% white to cream
9 14.4% white to cream

At cone 4, the clay was white with a faint cream tinge,
and developed small cracks. It was soft and friable. At cone
9, it was a white to a faint cream, steel hard, but cracked
very badly. Tested in a Deville furnace it remained unfused
at cone 33, 3,254° I, and in point of refractoriness, is a num-
ber one fire clay.

Snakine.—Its slaking properties are excellent, and it
might be taken for a standard for comparison purposes. A
-one inch cube, thoroughly air dried, slaked completely in
250 CC. of water, in three minutes. It is very fine grained,
plastic or ‘‘sticky,”’ and has good spreading qualities.

The No. 2 clay of the American Clay Co., differs from the
No. 1, only in baving a higher percentage of iron oxide, and
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a consequent darker color. It burns to a light cream color
and is also highly refractory. :

Uses.—The output of the mine is now consumed by paper
manufacturers. In addition to its being a high grade paper
clay, the purest parts of the bed might be used as a china
clay in the manufacture of white ware pottery, tiling, sani-
tary ware, ete.

I. ManDLE AND COMPANY

The property of I. Mandle and Company is located 2 miles
south of Dry Branch, about 114 miles from the Macon, Dublin
and Savannah Railroad. This company mines a high-grade
pottery clay. The clay is hauled by wagon from the pit to
storage sheds on the railroad.

The clay pit is about 100 feet in length, and is located
along a small northward flowing stream. Ten feet of clay is
exposed, and the bed is reported to be 15 feet in thickness.
The kaolin is white, jointed, and very free from ‘‘grit.”” The
whole thickness is semi-hard, and not soft and cheese-like as
at some other localities of the Dry Branch region. It breaks
with an angular and conchoidal fracture, slakes upon weather-
ing, and has a tendency to spall off concentrically.

The clay is for the most part white, but iron staining is
observed at the top of the bed and penetrates the joints.
The staining along the jointing is merely a thin coating, and
does not seem to penetrate the clay mass, and in addition
to the iron staining there are some occasional black stains
and dendrites, probably of a manganese oxide.

The overburden is 10 to 20 feet in thickness, and consists
of loose sand, containing large chunks and pellets of white
clay, a greenish laminated clay layer about 4 feet in thick-
ness, and fine, red sand. The overburden lies unconform-
ably upon the clay bed, that is the top of the clay bed is

_irregular, the clay having been partly removed by erosion
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before the deposition of the overlying beds, so that the over-
burden now fills up these little erosion gullies in the clay.
The result of this pre-Tertiary erosion has been to produce

- . glight variations in the thickness of the clay beds.

There is a small circular pit about 100 yards west of the
pit that is being worked. The clay and overburden in the
two pits seem to be quite similar. No definite information
as to the thickness of the clay in this second pit was obtained.
It may be reasonably expected that the clay on the Mandle
-pi'operty will be of large extent areally, and will not present
any considerable variations in thickness.

The property suffers somewhat from its distance from a
tailroad. The clay is now hauled from the mine in wagons
to storage bins on the railroad, and under the present con-
ditions one team can haul about 3,000 pounds per load, and
‘make five or six frips per day. The distance and the topog-
raphy do not preclude the laying of a spur track from the
main line of the railway.

This company has no drying sheds or crushing machinery,
and the clay is shipped crude and in bulk.

Laboratory Tests on the 1.Mandle Kaolin

The following is a chemical analysis of the unwashed pot-
tery kaolin:

Moisture at 100° C........ @i temerecncensatenesnsnns 1.694

Loss on ignition, water.......... e eiereeeesean, 18.326
Silica, BI0; ..vvvriiiieiiieintiiitiitiretiieiriaians 45,390
Alumina, ALO; voovviiiniiiiniinneennintoreienenes 37.204
Iron oxide, Fe;0p covvvveieinnnrnenenerecnranncnnoas .850
Lime, Ca0 ...vviiiiiriinirenneninnonrocnnannsensas .220
Magnesia, MO ...ovviiinaneeriieninnannessesionans 100
Soda, Na,0 ...oveiiiineinnrenannsscssorscscssnesosnns trace
Potash, K0 ...oiviinnnneerrennneornneorosansseeaans trace
Titanium dioxide, TiO; . .cvvviuerirrrenenronarmnneans 1.546
SBulphur, S..iiiiiiiiiiiiiiriinnresanecnssisnecensas .010
Phosphorus pentoxide, P05 «.cevvverareerasasacsnnas .000

100.340
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The kaolin contains:

QUATEZ & viiieiiiineeruoeaencnnanoonanacsssssanessans 31
Forric oxXide .vvcieveeevseesanarsserosasncnsasnaeases 85
Clay SuUbSLANES . ..v.viviiieeresneerasoseronroassannss 98.84

100.00

It will be observed that this kaolin is very low in fluxing
impurities and remarkably free from sand, indeed, it is diffi-
cult to see how its purity could be appreciably increased by
washing. The percentage of TiO, is high, as it is in all of
the Fall Line clays examined, but it is not believed that it has.
any effect upon the color or the clay at the temperatures at
which it is ordinarily burned. The ratio of silica to alumina
is in excess of that of kaolinite, due probably to the presence
of hydrous silica not in combination.

Under the miscroscope milky and translucent aggregates.
of kaolinite with coatings of yellow iron oxide, are observed;
there is rarely quartz and muscovite mica. No other
minerals could be recognized.

The clay is very plastic, and when made up with 35 per
cent. of water, shows an average air shrinkage of 6.9 per
cent. The tensile strength of the air dried briquettes is high,
the sample tested, averaging 98 pounds per square inch.
This exceeds the strength of the New Jersey and Florida ball
clays which are similar in composition. The tensile strength
of the ball clay from Edgar, Florida, is given by Ries! as
about 65 pounds per square inch.’

Burning Tests

Cone Fire-shrinkage Color Absorption
4 o white 14.2%
9 10.1% white 2.7%
15 13.5% bluish-white 1.2%

At cone 4, the clay burned pure white, but soft and por-
ous, and showed a slight checking. At cone 9 it was steel

1. Prof. Pap. No. 11, U. 8. G. 8., p. 38,
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hard, and showed a slight checking, and at cone 15 it was a
bluish-white or gray in color, but even at this temperature

was not vitrified.
The clay slakes readily in water, but does not compare

favorably in this respect with the softer clays.

Uses.—The clay is now being used successfully as an
ingredient of white ware pottery mixtures in Northern pot-
tery centers. Its high strength, excellent plasticity, and
white burning quality, make it a very desirable clay. It will,
perhaps, be found too hard for the purposes of paper
manufacturers. Clays such as these, combining as they do
high strength, plasticity and refractoriness, can be used alone
or at least form by far the largest per cent. of clay in the
body composition of white ware pottery, electrical porcelain,
tiling, etec. Perhaps the chief objection to the clay is its
tendency to check in burning. Should the clay be used alone,
a high percentage of fluxing material would be necessary.

The following mixture was made up in the laboratory and
burned at cone 9 in a muffle.

Mandle Kaolin . ..vviiiiinineieinrarencssnnscmessncsas 60%
Feldspar ..veeeieriiieneeeiieetansoassocssasassannns 259%
1 N 15%

Total vovvreinnnierriereneoneeosansornnasoossensas 100%

The mixture showed good plasticity, and gave a tensile
strength, air dried, of 93 to 133 pounds per square inch.

The air shrinkage was 6.4 per cent. and the fire shrinkage
- at cone 9 was 12.5 per cent. The sample burned white and

produced) an excellent body but checked badly in the burn-
ing. It is presumed that the checking was partly due to the
very rapid burning to which the sample was subjected.

A second mixture was made, consisting of :

Mandle elay . ovvireriinianinnirnaiicaariienrriiesaens 50%
Feldspar ....viiiiiniiienienieteinerinteiitacitnaenns 25%
P 15%
4T P 10%
TOAL o .ietiernnneenernenenencoeneneenconnanens 100%

10
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This mixture showed good plasticity, and a high air dried
strength. At cone 9 it showed a fire shrinkage of 7.6 per cent.,
burned white, was completely vitrified, and showed no crack-
ing or checking.

E. H. BeckLeYy PrOPERTY

A short distance southward from the Mandle pit, there
is an old pit reported to be the property of Mr. E. H. Beckley.
Clay was mined here several years ago, and a small drying
shed was erected. The pit is filled with debris, and no
detailed information concerning it was obtained. The clay
and overburden, however, are probably similar to that at the
Mandle pit.

Rico KaoLix Mine

The old Rico Mine is located on lot 138, 28th district,
Twiggs county, and about 114 miles east of Phillips Station
on the Southern Railway. Extensive preparations were
made at one time for the mining of clay on this property—
machinery was installed, drying sheds erected, and a spur
track built from the main line of the Southern Railway. The
company in charge failed, however, before any great amount
of mining was done, and the property has been abandoned
since 1903. .

The pit at the time of my visit, 1907, was largely filled
with sand, and the full thickness of the clay bed was not ex-
posed. The section in the pit showed 4 to 16 feet of clay over-
lain by 8 to 10 feet of sand. The clay bed shows variations
in texture and thickness. An auger boring was made in the
pit to determine the thickness and character of the clay. The
first 8 feet was a soft, jointed clay, more or less stained yellow
and red by iron oxide; beneath this was 8 feet of pure white,
gritless clay, which was in turn underlain by a micaceous,
white sand. This sand was penetrated 7 feet. This boring
was made in the east end of the pit, and can be taken as rep-
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" resenting the thickness of the bed only at this point. As will
be seen from the accompanying sketch, the bed is likely to
represent variations in thickness. '

The overburden is soft rock, consisting of sand and clay
and its removal presents no especial difficulties. The over-
burden will perhaps not exceed 30 feet.

In a gully 200 yards southeast of the pit, the clay bed
is exposed naturally, and shows 8 feet of soft white and
'yellew elay, underlain by micaceous sand. An auger boring
was also made 100 yards west of the clay pit, and at about
the level of the clay bed in the pit. This boring showed:

Soft elay, with yellow and red iron streaks........ ... 5 feet-
Boft, white clay, very free from grit.........o00uenn 9 <
White elay, with yellow iron stains; micaceous....... 1 ¢

‘While the property has not been thoroughly prospected
and explored, the quality of the clay and the amount already
known, justify development.

There are no perennial streams or springs nearby which
would supply water for boiler purposes, or for a clay washing
plant, but it is believed, judging from the geology of the
region, that sufficient water for these purposes ecan be
obtained from deep wells.

Laboratory Tests

The following is a chemical analysis of the kaolin from
the Rico mine. The sample was selected by the writer from
" the old drying beds and represents the quality of the clay
which was taken out during the mining operations.

Moisture at 100° C.....ovvniirniiiiriiinaennnnnns, 781
Loss on ignition, water...............coiiiiiat, 12.632
Siliea, 8i0; .. .vvvviiiiiiiiiiiiiiiiiiiii e e. .. 48,580
Alumina, ALO; ....iiii ittt 35.940
Iron oxide, Fe,0p ovvvvviiiiniiiiiiirieneenannaeens, .850
Lime, Ca0 ......c.iiiiiiiiiiiiiiiiiriiiiannnaanans trace
Magnesia, MgO ......cciiiiiirniiiennisnsenoneeinns .108
Soda, Na,0 ...uveiiiiiiiiiiiiiiiinroniesrernnnsesas trace
Potash, K,O . ....itiiiriiiiiiiriiseesssinnronenians .043
Titanium dioxide, TiO, ....ovvrriiiiinneeeinnnnns 1.600
Sulphur, 8 ...ttt i et .000

100.534
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The kaolin contains:

Quartz................ 6.06

Feldspar .............. 43 } Sand..cccceerccananse 6.49

Forric 0Xide ....vevvvvvorssrnssesosssscsavessssnsnes .78

Clay BubStANCe ....vvvverersccoroosasanccosasssassnns 92.73
Total ..uivuiienerinncrnconancseraasonsanssannsss 100.00

‘With the exception of a higher sand content, it will be seen
that this clay compares favorably in purity with the Dry.
Branch clays. Under the miscroscope, it consists of aggre-
gate of kaolinite, quartz, muscovite mica, limonite, and
minute particles of black minerals. The limonite forms a
coating over the clay and quartz particles. The quartz is
in both large and small grains, either rounded or angular,
and is much the most abundant of the accessory minerals.
The black minerals occur as small specks and are not easily
identified; some are possibly ilmenite.

This clay is remarkably plastic, but shows a very low air
dried strength, not exceeding 12 pounds per square inch.
The air shrinkage of the clay, worked to its best plasticity,
was 6 per cent.

Burning Tests

Cone Fire-Shrinkage Color
4 7.3% white
5 10.1% white
9 13.4% white
12 no measurement,
cracked badly
14 13.4% dull white

At cone 4, the clay was pure white, but was soft and
porous, and showed checking. It became steel hard at cone
9, but remained very porous up fo cone 14.

Its fusing point was determined as cone 34, and it is
therefore a high grade fire clay.

Its slaking properties in water are good. It falls read-
ily into a cream colored powder, but rapidly settles, and does
not remain in suspension for any length of time.
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Uses.—This clay when washed should find a use in the
wanufacture of white ware pottery. The chief objection to it
will be perhaps, its tendency to crack in burning. When
burned at a high temperature, small brown specks appear, but
it is believed that these are due to sandy impurities which
could be eliminated by washing the clay.

The washed clay would make a good paper filler. In con-
nection with the white sandy clays and sand occurring here,
it could be manufactured into high grade fire brick and orna-

mental building brick.”

OraER ProPERTY NEAR THE RiIco

Clay is reported at other points near the Rico mine, and
doubtless occurs, but its extent and purity must remain prob-
lematical until it is thoroughly prospected.

Boxp’s STorRE 0oR DELZELL

On the Bond property and near Delzell postoffice, 12 miles
south of Macon, great thicknesses of white clays are.found.

'On the property of B. D. Melton clay of good quality is
reported to have been found in a cut of the old Macon and
Birmingham Railroad. The owner of the propery reported
that he bored into the clay 16 feet and found it generally
soft, white and free from grit.

At the time of my visit to the cut, no good exposure of the
clay bed could be seen. The clay is likely to be stained by
iron oxide at the top of the bed. In mining there would be
20 to 30 feet of sandy overburden to remove. Tests made
upon a sample from this location, showed the clay to be
white, free from grit and very plastic. The clay showed an
air shrinkage 5.5 per cent. and a very low tfensile strength.
The burning tests were:
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Cone Fire-Shrinkage Color
4 8.8% - pure white
9 15.3% white

15 15.9% dull white

The clay checks in burning and becomes steel hard at
cone 9. It is not known whether the sample tested, can be
taken as representing a minable quantity or the quality of
the greater part of the bed.

About 14 mile east of the Melton property, a white clay
was again exposed, in a cut of the old-railroad, on the prop-
erty of Thomas Bond. The clay here is reported to have a
workable thickness of 10 feet. The overburden is a light
red, crossbedded sand, and in the cut is 15 feet in thickness.

A small amount of elay has been mined at this place.
This property is three miles east of the Southern Railway
track, but it is not as inaccessible as it might appear; since the
road bed of the old Macon and Birmingham Railroad could be
used the entire distance. But little definite information con-
cerning the quality and thickness of the clay can be given.

In the public road, a short distance south of Bond’s Store,
15 feet of semi-hard, jointed clay, is exposed, and is under-
lain by a soft micaceous clay, stained with iron oxide.
This clay at best, can hardly be more than a fire clay.
In going east from the store, there is also a fine exposure
of clay, in a gully alongside the public road. The bed here
seems to have been greatly eroded before the deposition of
the overlying red sand. From the top of the clay exposure
to the bottom, the vertical distance is 30 feet. It can not,
however, be said with certainty that this represents the thick-
ness of the bed. The clay is jointed, semi-hard, and more
or less stained, and splotched with iron oxide. A sample of
this clay was collected, and tested in the laboratory. The
sample is from the upper part of the outcrop. A

It is slightly gritty, very plastic, and has a very low ten-
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sile strength. Its air shrinkage was 4.2 per cent. The burn-
ing showed:

Cone Fire-Shrinkage Color
4 71% gray
12 13.1% dark gray

It cracked badly in burning, and showed small brown
metallic specks.

‘When dry and pulverized it has a rieh cream color. The
clay is not likely to be of any value for white ware pottery
on account of the poor color to which it burns. It is a high
grade fire clay, and could be used in many fire clay and other
products, but is of little value on account of its distance
from transportation.

Southward from Delzell, and in the western part of the
-county, in the vicinity of Bullards, many exposures of white
clay will be found, wherever streams have cut through the
Tertiary sands, and into the underlying Cretaceous strata.
It is believed that these clays belong geologically to a higher
horizon than the Dry Branch clay, and it is not expected that
they will attain anything like the purity and extent of the
clays further north.

REn’s StaTion

In sinking a well on the property of Monroe Phillips at
Reid’s, a bluish white plastic clay was discovered. The clay
was 18 feet from the surface and about 4 feet thick. This
clay was tested for a ball clay.

The clay is very plastic, and possesses an air dried ten-
sile strength of 116 pounds per square inch. It is a blue or
drab when moist, and almost white when dry; very fine
grained and free from any large amount of grit. It shows an
air shrinkage of 7.4 per cent., and when burned at cone 4, a
fire shrinkage of 9.2 per cent., and at cone 9, a shrinkage of
9.7 per cent. At cone 4 it burned to a cream color, and to a
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very dense body; at cone 9, the color is darker, almost a buff.
The absorption at cone 9, after 48 hours’ immersion was 1.8
per cent. The body was vitrified, but developed slight crack-
ing.
‘While this clay does not burn pure white, it is but little
inferior in respect to color, to English ball clay.

There are no natural exposures of the clay, and nothing
is known of itg extent. Should it prove to be in large quan-
tity, its accessibility and nearness to kaolin deposits, will
make it a valuable clay.

Myrick MLy

An outerop of white clay about one half mile south of
Myrick Mill on the property of Mrs. S. Napier, 5 miles north
of Jeffersonville, was examined and a sample collected. The
clay has a thickness of 12 feet. Itis a light cream color when
dry and very free from grit.

Its tensile strength is very low, the briquettes always
breaking in the clips of the testing machine before their
strength could be measured.

The clay has medium plasticity and a low air shrinkage.
It burns white at cone 4, but at cone 8, is bluish white with
iron specks, and cracks badly. '

JONES COUNTY

This county lies partly within the Piedmont or Crystalline
belt, and partly within the Coastal Plain. The southeastern
part of the county, or roughly the triangle formed by the
eastern and southern boundary lines and the Georgia Rail-
road on the north, is underlain by the Tuscaloosa (Potomac)
formation, and contains valuable fire clays and kaolins. The
surface deposits are mainly Eocene and Pleistocene clays and
sands, and the Tuscaloosa is exposed only where stream ero-
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sion has removed the overlying formations; or in artificial
cuts. The most important clay locality in this county is Gris-
woldville.

GRISWOLDVILLE

Griswoldville is located on the main line of the Central
of Georgia Railway, 11 miles east of Macon. The clay at
this locality lies on the property of Mr. J. R. VanBuren, and
the principal clay deposits are exposed in the railroad cuts
114 miles west and 2 miles east of the VanBuren residence or
Griswoldville station.

The main cut west of Griswoldville, is about 200 yards
long, and 40 feet deep, and one of the most interesting sec-
tions of Fall Line strata may be observed here. The clay
occurs in several different beds, variable in thickness, texture,
and physical properties. The walls of the cut, that on the
north side of the track and that on the south side, show
differences in the strata and structure, although the space
between them is hardly more than 50 feet.

On the north side, at the west end of the cut, 6 feet of clay
is exposed, just above the level of the railroad track. This
is a soft white clay, comparatively free from grit. This shall
be designated for clearness in further description, as clay bed
No. 1. This bed is overlain by 15 feet of gray, kaolinic sand;
some mining of the bed was done several years ago and a
- washing plant installed. The clay can be traced eastward in
. the cut, until it seems to have been entirely removed by

erosion and is replaced by red sand. Gray, micaceous, clayey
sands underlie the clay bed.

Fig. 6.—Sketch of the North Side of the Railroad Cut on the J, R. Van-
Buren Property. 1. White Clay Referred to in Deseription as
Clay Bed No. 1.
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Two beds of economic value occur on the south side of the
track. About midway in the cut, there is a lens of hard,
blue-white clay about 6 feet in thickness. This bed lies about. -
15 feet, vertically, above the railroad track, and seems to be
merély a thin lentil of clay inclosed by sand, and is seen
to thin out completely both eastward \and westward within
a short distance, and does not promise to be of any large
extent areally, although it promises to be of some economic
value. It shall be referred to as bed No. 2.

Fig. 7.—Sketch Showing the Clay Beds on the South Side of the
Railroad Cut on the J. R. VanBuren Property. 2 and 3. White
Clay Beds Referred to in the Description as Beds Nos. 2 and 3. -

A third bed No. 3, also appears on the south side of the
track. This bed reaches a thickness of about 10 feet and
slopes downward rapidly until it disappears from view.
This clay is white to drab and bluish-gray, is soft, and con-
. tains only a small percentage of sand, but probably some-
what more than bed No. 1, on the opposite side of the track.
The sand is principally quartz and mica. The clay has the
property of hardening slightly on exposure; different parts
of the bed will show differences in texture and physical pro-
_perties. The overburden consists of loose kaolinic sand and
amounts to 20 feet. In the eastern end of the cut, it is under-
lain by gray micaceous sand and to some extent grades into
and is replaced by sand. ,

The clays here are in the Tuscaloosa formation, but lie
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somewhat lower geologically than the Dry Branch clay. The

thick Dry Branch stratum probably lies further southward
but is covered by a great thickness of strata. While the clay
beds here are not as extensive nor as a whole as free from
sand as at some other localities there is but little question
about the commercial quantity of the clay, or of its purity
when washed. The property has an added advantage in
being accessible to railway transportation. Water for wash-
ing purposes and power purposes can be obtained near by.

Laboratory Tests

A sample of the pure clay from bed No. 1, was a pure
white, soft, friable kaolin, in which grit could be detected
only by the microscope. It contains small particles of quartz,
muscovite flakes, and finely disseminated iron oxide.

The following is a chemical analysis:

Mofsture at 100° C.ovvererrnrnenenenenennnenenennn. 1.201
Loss on ignition, water................cooiiiaat, 13.226 i
Siliea, Si0s cvvviiiiiin it i i e 45,530
Alumina, ALOg .ottt ittt ieeaiiaas 37.939
TIron oxide, Fe,0p +vvvveeriiniiiiiiieennnn e, .850
Lime, Ca0 ivviiiiiiiiiiin et
Magnesia, MgO
Soda, Na,0 ....
Potash, KiO vornrrinnnneiiinieneenanneenanes e
Titanium dioxide, TiO; ....ocvviiiiviiiiee i, 1.481
OtAl. et evevr e ineeeauaenaososennsnsnasasonss 100.651

Quartz................ .00

FoldSpar . .. ...ooveunes 158¢ Band.......ooo 1.58

Clay substamee ......ccvvevenennsiioennnnromneannns 98.42
T 100.00

This clay is very plastic, requires a high percentage of
water for mixing, and shows a very low tensile strength. Its
air shrinkage is 5.2 per cent. ‘

Cone Fire-Shrinkage Color
4 41% white
5 7.2% white to faint cream
9 11.2% A white

11 11.5% very faint eream
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Its melting point is above cone 33 and is given by Ladd!
as lying near Seger cone 36. The fire shrinkage is slightly
lower than most of the other pure kaolins tested. The brick-
let, burned at cone 11, cracked badly, but at lower tempera-
tures cracking was less noticeable. The clay becomes steel
hard at cone 5. A sample was burned under a clear glaze,
and while it did not show a pure white, but showed a very
pleasing faint cream, this defect may have been due to
improper burning. This clay slakes readily in water and if
washed would doubtless be a high grade paper clay.

The clay from bed No. 2, is harder than that just des-
cribed and somewhat darker in color and differs in its phy-
sical properties. It has all of the properties of a ball clay,
except that its vitrifying point is high. The following is a
chemical analysis of a sample of crude clay from bed No. 2.

Moisture at 100° C......ooiiitiiinnerennencnnenaess 1.99
Loss on ignition, water...........coevenrinininivenns 12.59
- Siliea, S10; voveveiiieiiiiiii i it i i i iie 46.34
Alumina, ALO; ....oivviiiiiiieiiiinenneninnnns e 35.47
Iron oxide, Fe,0p +ovvivenriiiniiiiiieeenniiocesennnns 102
Manganous oxide, MnO.......coviiieriierennininsss trace
Lime, Ca0 ....ccvvviiiiiiiiiiiiiiiiiiieiieiiiienes .00
Magnesia, MgO ....ciiiiiniiiiiiiiiiiiiiiiennennnas .39
Soda, NayO . .uiniiiiiieeiiiierertnnisesnssoieaeannas .05
Potash, KiO .o.iiiiviieiiiiiiiiiiiiiiiiiiinninnnas .25
Titanium dioxide, TiO; ..ccvvniiiiiiiernernnennennnen 1.72
Sulphur, 8 ...t i i i i it e .00
Total . .ueniii i i i e, 99.82
Amounts insoluble in sulphuric acid:
Alumina ....oiiiiiinitiiiiiii ittt e, .23
Ferric oxide ......cviiiiiiiiiiiiieiiiiiieniiiiannnas .08
Sodium oxide 1
Potassium oxide [ **frtterererrreratettaiieiiiiia, 17
Titanium dioxide ......coviiiiiiiiiiiiiieiinneenenns .02

Feldspar.............. 1.31

QUATZ.ve oo 215 } Sand........co000nnnnn 3.46

Clay substance ........cvviivviiiintrnriienrenenenns 96.54
Total .uiviiiiini ittt eeiinrinreeenseannnas 100,00

1. Geological Survey Georgia, Bulletin No. 6-A, p. 108.
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The clay is fine grained and plastic. The percentage of
water required for mixing was 43 per cent. It showed an air .
shrinkage of 8.7 per cent. which is higher than that of the
soft white kaolins.

Burning Tests

Cone Fire-Shrinkage Color Condition

6.4% dull white steel hard
7 10.3% dull white slight eracking
12 - 10.6% eream color not vitrified

In the Deville furnace it was unfused, but vitreous at cone
- 80. The fire shrinkage seems to be less than in the soft,
white kaolins, and checking and cracking in burning is not as
noticeable. It burns to a denser body than the soft kaolins
of low strength, but is by no means impervious even at cone
12. The water absorption was high and of no value on
account of the water included in the small cracks or checks
developed in burning. :

In making the strength tests, 10 briquettes were broken.
There was considerable variation in the strength; the average
was 103 pounds per square inch.

Tests on Clay from Bed No. 3, Griswoldville

This clay is similar to that from bed No. 2, just described,
probably containing a larger percentage of sand. It showed
an air shrinkage of 8.2 per cent; water required for mixing
40 per cent.

The tensile strength was high, 131 pounds per square inch.

Burning Tests
Cozte Fire-Shrinkage : Color

8.1% white

8 10.0% white

15 10.4% : eream

A mixture was made consisting of :

Clay from Bed No. 1, washed.............coovuiin... 40%
‘‘Ball’’ clay, bed No. 2, crude.......ccovvviiinnnnn.n, 20%
Feldspar ......c.viiiiiiiiiiiin ittt iiiinieens 25%
Flint ................. O 15%
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~ The mixture showed good plasticity, an air dried strength
of 50 to 60 pounds per square inch, and at cone 9 burned
white to a dense body without checking.

Uses.—These clays combining as they do, plasticity,
strength and white burning qualities, offer possibilities for
white ware pottery, porcelain tiling, ete. They have a fus-
ing point above cone 33, and in connection with the white
clayey sands and the overlying impure clay and sand of the
Tertiary could be used in the manufacture of fire brick and
ornamental building brick.

The white clay when washed will be suitable for use in
the paper industry. It is fine grained, plastic or ‘‘sticky,”’
and slakes readily in water.

In the railroad cuts, 2 miles east of Griswoldville and
on the VanBuren property, white clay and kaolinic sands are
found and are similar, in occurrence, to the clays in the west
cut, just described. That is, they are lenticular layers, vari-
able in their thickness and amount of sand and may grade
into or be replaced by sand. Two beds were noted here,
each with a thickness of 6 feet exposed.

It is probable that a greater thickness will be found. A
small amount of fire clay has been mined from this place and
shipped to Chattanooga, Tenn., for fire brick purposes. The
overburden is not excessive and the clay can be easily mined.
This clay is probably best adapted for fire clay products.

‘White clay is exposed at other localities on the VanBuren
property. South of the residence, one fourth mile, 8 feet of

white clay is known to occur. This clay is sandy and at the
surface is streaked red and yellow by iron oxide. In a cut
of the railroad, 3 miles west, a clay bed of the Tuscaloosa,
lying at the base of the cut, is exposed for a distance of 500
yards. It is 4 to 10 feet in thickness and changes from
soft, white clay to a hard clay which is probably 50 per cent.
sand. This may be excellent material for certain refractory
purposes.
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WILKINSON COUNTY

Throughout the northern part of Wilkinson county, there
are numerous natural exposures of the white clay of the Tus-
caloosa formation. This county lies wholly within the
Coastal Plain area; the surface was originally entirely
covered by the sands and clays of the Teritary, and the
white clays of the Tuscaloosa will be found in gullies, or
stream valleys where the overlying formations have been
removed by erosion. "

The principal points where clays have been noted, are
Lewiston, Gordon, McIntyre, and Toomsboro.

The deposits are entirely undeveloped, with the excep-
tion of the Lewiston deposit, and are probably in the main
suited only for fire clay products, although some of them
give promise of being pottery and paper clays.

LewisTox

Lewisron Kaorin.—A deposit of white clay occurs one
mile west of Lewiston, on the Central of Georgia Railway.
The property is owned by Mr. J. W. Huckobee, who opened
up a clay mine here in 1893. A high grade clay was placed
on the market and was sold chiefly as a filler for wall paper,
though some of it is reported to have been used in the manu-
facture of white ware pottery. Work was abandoned here in
1902, and since that time only small amounts of clay have
been mined for fire clay products. Three pits were worked
on the east side of a north-south ravine; but at the time of
my visit these were largely filled up by debris from the over-
burden, and the full thickness of the clay beds could not be
seen. In the north pit, nearest the railroad, Mr. Huckobee,
the owner of the property, reports that he found a thickness
of 12 feet of clay. This bed, however, is seen to thin out
rapidly to the north.
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The property was examined by Dr. G. E. Ladd* during min-
ing operations and the clay beds were reported by him to vary
in thickness from 3 to 8 feet, and to be massive in structure.
The overburden for the most part is red clay-sand, and is.
unconsolidated, and amounts to from 10 to 20 feet. From a.
study of the exposures here, it is quite likely that the clay
beds will be found to show considerable variations in thick--
ness, and also in quality and texture.

The purity of some of the clay found here, however, would.
seem to justify thorough prospecting to determine the extent.
and quality of the beds.

A small sample of the clay selected from the old drying:
shed, was white, with a faint cream tint, very soft and fri-
able, and free from grit. It was very plastic and slaked.
readily in water, and it showed an air shrinkage of 6 per
cent. The air shrinkage will depend upon the amount of
water used in mixing, and the above shrinkage is from a.
sample made up to its maximum plasticity.

The tensile strength is low, the sample tested not exceed--
ing 12 pounds per square inch.

-Burning Tests

Cone Fire-Shrinkage Color
4 9.5%(a) - white

8 11.9% light cream
12 12.3%(b) cream

(a) Total air and fire-shrinkage.
(b) Cracked badly, measurement not entirely correct.

The clay burned steel hard at cone 8 with only slight:
checking; at cone 12, it was cracked badly. It is highly
refractory; according to Ladd? its fusing point approaches.

1. Georgia Geological Survey, Bulletin No. 6-A, p. 112,
2. Georgia Geological Survey, Bulletin No. 6-A, p. 115.
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that of 'Seger cone 36. “The following is a chemical analysist
of the purer clay from this locality:

MOISEUTE .+t v et teee e et it e e e et 0.99
Loss on ignition, water.............. ... ... ...l 12.98
Siliea, SiO, (ecombined)............. ... ... ....L.. 44.92
Siliea, (8and) ... 1.55
- Alumina, ALO; ...l 39.13
7 Tron oxide, Fe,05 v ovitiiiiiti i i 1.05
< Lime, CaO ..o e 0.40
Magnesia, MgO ......... ... i i 0.17
Potash, K,0 ...... PP trace
Soda, Na,O ...... ..ottt e trace
Total. ..o i g 99.20
Clay base ...t 97.03
TFluxing impurities ....... ... ..o il 1.62
GorpoN

There are numerous exposures of white clay in the vicinity
of Gordon. Near the base of the ridge, lying 114 to 2 miles
south of the town, beds of white clay 12 to 15 feet thick are
seen at a number of places in roadways and gullies. It is
probable that there is a continuous bed of white clay several
miles in extent, lying at the base of the Tertiary ridge on the
south side of Commissioners Creek. The following is a geo-
logical section made along the public road 114 miles south
of Gordon:

1 Red sand, with small quartz pebbles.............. 40 feet
2 Red, orangé and brown sand, with thin clay laminae 15 ¢¢
3 (Greenish to drab, massive elay.................... 50 ¢¢
4 Bluish, clayey sand............ ... i, 10 ¢
5 White, plastic elay............ o it 12 ¢

The Tuscaloosa white clays are generally somewhat
harder than the clays of the Dry Branch region, and are
minutely jointed and stained red or yellow along the joint
planes; until finely ground, they have a tendency to be mealy
rather than unctuous as in the case of the soft paper and
pottery kaolins. The amount of sandy impurities is vari-
able, from gritless clay to hard beds which may be 50 per

1. Bull No. 6-A, p. 115, Geol. Surv. of Ga.
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cent. quartz sand. These clays are in all cases highly refrac-
tory, having fusing points from cones 30 to 35. They are
suitable for fire clay products but those examined do not
give much promise of being of value for pottery or paper
purposes. These clays are entirely undeveloped.

On the Z. T. Miller place, 3 miles south of Gordon, there
is a bed of white clay remarkable for its thickness, physical
properties, and as a whole for its purity. There is a natural
exposure here of 30 feet of white clay. It seems to lie in
the same geological position as the clays further north and
is overlain by plastie, tough, impure clays and red sand. It
is hard, but is not solid or brittle, but breaks with an earthy
fracture and the bed, being massive and showing no lamina-
tions, would be difficult to mine. It has the property of
hardening slightly upon exposure to the atmosphere, and has
been sawed and cut out into blocks and used locally to a small
extent in the construction of chimneys and foundations. The
bed has a curious pitted surface, due to the weathering out
from the clay mass of small nodules. These nodules con-
sist of small fingers and worm shaped forms, which may be
one-fourth inch in diameter and two or three inches in length,
perfectly round marbles or pisolites from the size of a pea
to that of a walnut, and many peculiar nondescript forms.
Some of these nodules have been found to be bauxite. The
clay is probably best adapted for fire clay products; its hard-
ness and lack of plasticity destroy its value for pottery and
paper purposes. Having little or no plasticity and a low ten-
sile strength, it would have to be mixed with a stronger clay.
The value of the clay suffers from its distance from a rail
way.

A chemical analysis of this clay by Dr. Ladd gave the

following results:

Hygroscopic moisture .........c.cvoiviiiiinneiinnn, 0.21

Combined Water, carbon dioxide, ete................. 14.52
Combined silica ..........cooiiiiiiiiiiiiiiiii, 42,79
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Free silica, or 8and.......ovniniieeniiiiaeaneian... .82
AlUMINA v evii i i i i e i 40.42
Ferric 0Xide .....civiviiiinriiineieenionnenninennsn .70
Potash ...ccoiiiiiiii i i i i e trace
TAIME  evveeetaet ittt ie e ne it eiaaenn e 37
DOAA veevrrtaaat ittt it 83

107 100.45
Clay DASE . .ununeittt it i e 97.73
Fluxing impurities ............. ... . .. il 1.90

This clay absorbs 80 per cent. of its weight of water. Its
specific gravity ranges from 1.89 to 1.94. Bricklets shrink,
on drying, 8 per cent. of their length, and an additional 4
per cent., on burning. They have a tensile strength, dried,
of less than 10 pounds per square inch. It burns snowy white,
with a strong tendency to crackle. Its fusing point is very
high, nearly equal to that of Seger cone 36.

Southward from the Miller place there are numerous
other exposures of white clays, all being highly refractory
and possibly some are of great purity.

Throughout the valley of Big Sandy Creek there will be
found numerous outcrops of white clay, none of which are
at present of any value on account of their distance from
railway lines and on account of the great abundance of pure
clays at other more accessible localities.

McINTYRE

‘White clays of the Tuscaloosa are especially abundant in
the vicinity of Melntyre, and the beds, here, present a variety

of phases, hard pisolitic or concretionary clay to semi-hard,
and soft, white or cream colored, gritless kaolins.

Dz. N. T. CarsweLr ProperTYy.—Natural exposures of white
clay may be seen on this property, located 3 miles east of
McIntyre and accessible to the Central of Georgia Railway.
The exposures vary from 4 to 12 feet in thickness and con-
sist of both hard and soft clays. Some considerable pros-
pecting has been done to determine the extent and quality
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of the clay, and judging from natural exposures, and records
of shafts and auger borings, there can be no question about
the great quantity of clay.

The white clay beds are overlain by 30 to 50 feet of red
sand and impure clays. The overburden may contain local
indurations, but is not consolidated to such an extent that its
removal would give any special difficulty. The soft clay
which was exposed at the time of my visit to the property,
was considerably stained a pink or yellow by iron oxide. The
staining seemed to persist through the mass of the bed and
was not merely a surface stain. Should this staining be
found to persist throughout the extent of the bed, it will of
course greatly detract from the value of the clay for pottery
and paper purposes. A sample of this clay examined in the
laboratory was almost entirely free from quartz particles or
grit. The color of the clay, which is a cream color or pink,
is due to thin films or coatings of limonite and hematite
over the clay particles.

It is very plastic, and when worked up with 32 per cent. of
water, showed an average air shrinkage of 5.6 per cent. The
air dried tensile strength did not exceed 15 pounds per square
inch. At cone 5, 2,246° F, it showed a fire shrinkage of 9.3
per cent., burned to a light cream color and cracked badly;
at cone 9, 2,390° F., it showed a fire shrinkage of 14.8 per cent.
and burned to a buff color; at cone 15, it burned to a dark buff
or leather color, showed excessive shrinkage and cracked
badly. Its fusing point lies above cone 30, 3,146°F. The
clay slakes readily in water, but it was observed that the
stained portions of the .cube tested did not disintegrate as
readily as the white parts. The following is a chemical
analysis of this clay:

Moisture at 100° C..oovvrrnnntinniiiiiir i 904
Loss on ignition, water..........ooviiiiiiiiii., 13.474
Siliea, Si0, ..ot e 44.220

Alumina, ALO; ....... e h ettt e 38.407
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Tron oxide, Fe,05 «ovvveninrnieineainen e iiininnnnn 1.707
Manganous oxide, MnO ......... .o, trace
Lime, CaO...unnniieiaininnen s N trace
Magnesia, MgO ...t trace
Soda, Na,0O ...c.oonitiiiiiiiiiiiiiiiiiiiiienn, trace
Potash, KO . ..ovritiiniiiiiii i, .281
Titanium dioxide, TiOz «....vovvvviiii i, 1.486
Sulphur, 8 .. trace

Total ...oviii i i i i e 100.479

The clay contains:
Feldspar.............. 371

QUATtZ. .. oorerrni . 455 § Sandeo 826
Clay substance ..........covetiiiiieinneiiimiennnnes 99.174
0] 7Y 100.000

The tests made do not indicate that this clay is likely to
be suitable for white ware pottery, on account of the dark
color to which it burns. However, upon further exploration
of the deposit it is quite possible that purer clays will be
found. This clay offers opportunities for the manufacture
of fire clay products and ornamental building brick. The
cracking, so pronounced when the clay is burned alone, is
obviated by the addition of a small percentage of sand, and
clayey sands suitable for this purpose can be found nearby.

On this same property, there is a bed of hard, pitted clay,
somewhat similar to that just described on the Miller place
page 162. Blocks of this clay have been sawed out at vari-
ous times for building chimmeys; it is a dull white in color,
but contains small iron oxide stains throughout. It is very
free from grit, but lacks plasticity and has a low tensile
strength, the sample tested showed 28 pounds per square inch.

It is very refractory having a fusing point at cone 34. It
could be used in fire clay mixtures. The following is a chemi-
cal analysis of this clay:

Moisture at 100° C...vvvunrneinienniereennieneenenen, 0.89
Loss on ignition, Water.......c.coveeiiineeniaeeinaennns 14.10
Bilica, Bi0; «vvuvervriirieiisniietiiiraneienranenaons 43.57

Alumina, ALO; ....... e erreessrsasesnssonnanons .o 39.3¢4
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Tron oxide, Fes05 .. oiviniiie i i i 72
Lime, CaO ...... .. iiiiiiiiiiiiiiiiniiinenancenanes .00
Magnesia, MnO .......... e eiet st .10
S0da, NaO coiiiiiiin i iiiiiieeininaasennaans .05
Potash, KiO .....oiuriiiiiiiiintiiiiienraennneseenas .10
Titanium dioxide, TiO, ......cviiiiiiiiiiiiniine, 1.61
Sulphur, 8.t i e trace

Total ...ttt i it it e 100.48

Rational analysis:

Feldspar.............. .84 )

QuartZ.........oennenn trace § SARd..oieonn 84

Clay substance ........cooivieiiiriiniiiinniinninnnas 99.16
B 7 100.00

This clay as seen by the above analysis is as pure chemi-
cally as the soft kaolins. Yet, its physical properties unfit
it for the uses to which kaolins are put. There is nothing
in the analysis which will afford any explanation of its
peculiar hardness. The writer suggests that this hardness
may be due to the presence of a colloidal silica, which upon
exposure to the atmosphere hardens and forms a bond for
the clay particles. This clay has been mistaken for bauxite.

Rep Cray.—In prospecting his property, Dr. Carswell dis-
covered a red clay which is noteworthy on account of its very
peculiar composition. The clay is a red or pink in color, soft,
but brittle when dry and free from sand. In composition it
is a natural mixture of almost pure clay or kaolin and of
red iron oxide. A chemical analysis of a sample, sent to the
State Geological Department by Dr. Carswell, is given
below: ' :

Moisture at 100° C............... Pt e e ibe e 0.58
Loss onignition.............cooiiiiiiiiiii L, 12.42
Silica, Bi0; .o vviiiii e 39.88
Alumina, ALO; ..ot 34.36
Iron oxide, Fe.O3 . oo vinn it 11.73
Lime, CaO ... .ot i e, 0.00
Magnesia, MgO ... rriiiit i, 0.00
Soda, Na,0 ...ttt it trace
Potash, K,O ....... it trace
Titanium dioxide, TiO, .........ccvevvviiiiiian,, 1.49
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A small sample tested in the laboratory showed good
plasticity; air dried tensile strength 20 to 25 pounds per
square inch; at cone 4, it burned to a chocolate color, showed
high shrinkage and cracked badly; at cone 13, it was almost
black in eolor. It was completely melted at cone 30.

This peculiar clay is reported as having a considerable
thickness and some economic use for it may be found in the
future.

Harriep ProperrTy.—This property is located on the
south side of the Central of Georgia Railway track, 14 miles
west of MecIntyre, and is favorably located in regard to
transportation facilities.

The bed outcrops at the base of the Tertiary ridge, which
lies on the south side of Commissioners Creek, and is
prominent from Gordon eastward to Toomsboro. The clay
is white, semi-hard and very free from grit; but contains
some iron staining along the joint planes, and also small
clay nodules which may be replaced by iron oxide. A thick-
ness of 30 feet has been found at one place by sinking a
shaft and boring with an auger. Outcrops of the clay bed
are observed in gullies to the east of the shaft. Should the
bed be thoroughly prospected or opened up by a pit it is not
improbable that the clay will be found softer than at the
surface. The overburden consists of the red sands and

- impure clays of the Tertiary, and will be found to be uncon-
solidated. '

The following is a chemical analysis of this clay:

Moisture at 100° C....vvriniiiiiiiii i 403
Loss on ignition, water.................. .. ..ol 13.565
Silica, 80, ..ovviiiiiiiiii i e 45.570
Alumina, ALO;, .....ooii i 38.340
Iron oxide, Fe,05 . ..o vvvn i 1.020
Lime, CaO ..ot .000
Magnesia, MgO ...... .ottt trace
Soda, Na,O . ... i it e trace
Potash, K,O ....ciiiii ittt 075 !
Titanium dioxide, TiO, .......covviviviiiiiiie, 1.380
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The kaolin contains:

Feldspar.............. 12

Quartz................ .20 } Sand............eeen 82

Clay substance .......coveeeeverriieenerinreeerannnas 99.68
Total ...t i i e ittt e 100.00

The clay is very plastic, free from grit and when dry,
white in color. Its air shrinkage is 5.2 per cent., its tensile
strength is quite low, not exceeding 15 pounds per square
inch.

Burning Tests

Cone Fire-Shrinkage Color
1 4.0% ) white
4 4.3% white
9 12.8% light cream
12 13.0% cream

It checks in burning and is soft and friable at cone 9. It
burns to a dense body at cone 12, but when burned alone
cracks badly. While the sample tested does not burn to
quite as pure white as is desirable, this clay, notwithstanding,
gives some promise of being suitable for white ware bodies,
and further exploration of the deposit might reveal purer
clay.

The clay is not fused until cone 34 is reached and is there-
fore highly refractory and a No. 1 fire clay.

Crude and in lumps it would probably be too hard for a
paper filler, but if finely ground or washed there is no reason
why it should not be suitable, as it has excellent plasticity or
spreading qualities and is comparatively free from quartz
and mica.

RoserT Binuion Properry.—This location is 3 miles north-
west of McIntyre. The clay is exposed in a deep gully oppo-
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site the residence of Mr. William Snow. The following is the
geological section exposed:

1 Finered sand......covveiiinriiririieiiiieiannas 15 feet
9 Yellow sand .....coviiiinneenenineinnannsonnes 5 ¢
3 Stiff, tenaceous clay, resembling the Eocene clay
tothe southward................cciivveuen.. 6 ¢
" 4 Very fine red and yellow sand.................. 15 ¢¢
5 Soft, white and eream-colored kaolin............. 12 ¢¢

Some parts of the clay bed are absolutely free from gritty
particles, but it becomes somewhat micaceous near the top.

The following is a chemical analysis of a sample of this
clay as it occurs in a state of nature:

Moisture at 100°C.......ooiiiiiiiiiiiiiiiiiiiieeass
Loss on ignition, water
Siliea, 810, .viiiiniiiiii i i i i e
Alumina, ALOy ..................

Tron oxide, Fe,0p v o vvvveiniiiniinnieneiniieiinerenans
Lime, Ca0 ioiiiiiiiiiiiiii ittt
Magnesia, MgO ... ..o e
Soda, Na0O ..ot iiiiiiiieaneninnnss
Potashy KoO . .ivtivitiiinieniiiiiiiiiirieriinninnnas
Titanium dioxide, TiO,

Rational analysis:

Feldspar........co.onne .28

P SRR 50 § Semdeioii, 48

Clay SubsStance .......ovvieiierereinnneeisnuoeeenens 99.52
Total ...ivi ittt i ittt 100.00

Under the microscope the only minerals recognizable were
aggregates of kaolinite, or clay substance, minute quartz par-
ticles and scales of muscovite mica. The clay is a faint cream
color when dry and pulverized; it has good plasticity but a
low tensile strength. The average air shrinkage of the sam-
ple tested was 5.8 per cent.

Burning Tests

Cone Fire-Shrinkage Color
4 7.6% chalky white
9 11.5% white
11 11.6% faint tinge of cream

15 14.3% faint cream
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It burned steel hard at cone 9 and showed slight cracking
when burned alone. With its chemical purity and its white
burning properties, it gives some promise of being a suitable
clay for white ware mixtures. Its good plasticity and free-
dom from grit should make it a good paper clay.

In the Deville furnace, it was unfused at cone 30, but was
completely fused at cone 36.

The property is entirely undeveloped and no prospecting
has been done to determine the extent of the bed and no tests
have been made on a commercial scale. Its distance from a
railway line is at present a considerable disadvantage.

Gro. BextLEY ProPERTY.—This locality is 214 miles north
of the 159 mile-post on the Central of Georgia Railway. The
clay is exposed in a gully alongside a public road and is 12 to
15 feet in thickness. It is hard and parts of the bed some-
what resemble the hard clay, No. 2, at Griswoldville. Near
the bottom of the gully there is a hard clay which when dry
will break into very small nut-like or conchoidal fragments
when struck with a hammer. The clay mass is a cream color
but contains veins of pure white clay, halloysitic in.appear-
ance.

This clay is too hard to be of value as a paper filler, and
burns to too dark a color to be of value as a kaolin. It has,
however, a high air dried strength, burns denser than the
pure white clays, and may to some extent answer the purpose
of a ball clay. The following is a chemical analysis of crude
clay from this locality:

Moisture at 100° C.....oovvtiviei i 3.37
Loss on ignition, water................. ... ...l 12.31
Siliea, SI0; v vuvini i i e 49,07
Alumina, ALO; ..o 31.60
Ferric oxide, Fe,0p . ..vvvvvneiniiin i, 170
Manganous oxide, MnO............ccovvviinninnnn.... 03
Lime, CaO- .-
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Soda, Na,0 ...... P re e teeetaaaatit ettt aenans trace
Potash, KO .t i ii e .36
Titanium dioxide, TiOs.......ooieviiiiiniin.s, 1.29

Total ....oeiiiii i i 100.55
Fluxing impurities ...........coiiiiiiiiiiiiiiie, 2.91

S T TG O 9.16
Clay substance ................... e e, 90.84
Total ..ot i ittt ettt 100.00

1

Physical Tests on the Bentley Clay

Air shrinkage 9.6 per cent.; plasticity good, when the clay
‘is finely ground; the air dried tensile strength showed consid-
erable variation, one briquette reaching 160 pounds per
square inch; and the average was 100 pounds per square inch.

Cone Fire-Shrinkage Color Condition
4 9.7% gray steel hard
9 10.0% gray to buff very dense
TooMSsBORO

There are a number of outerops of the white clays of the
Tuscaloosa formation near this place. A sample was taken
from the bed occurring near the town. It showed fair plas-
ticity and an air shrinkage of 3.5 per cent. At cone 4, 2,210°
F., it showed a fire shrinkage of 5.1 per cent., and burned to a
dull white with brown metallic specks without checking. At
cone 9, 2,390° F., the fire shrinkage was 6.6 per cent. ; the brick-
let showed a slight cream color and black metallic specks. The
explanation of the low shrinkage, is that the clay contained a -
high percentage of quartz and mica sand. Were the clay
washed, the black specks developed in burning would prob-
ably not appear, as they seem to be fused grains of some iron
mineral. This clay is highly refractory and could be used
for fire clay products. No good exposures of the bed could
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be obtained, and it is possible that purer clays can be found.
Some effort was made several years ago to mine this clay.

OruEr Locaniries in WiLkinson Counrty.—An outcrop of
white clay was observed in a cut of the Central of Georgia
Railway at Beechhill, four miles east of Toomsboro. A
number of outcrops of both hard and soft white clays were
also noted in the region lying directly north of Toomsboro.
Thick beds of high-grade fire clay will be found south and
southeast of Irwinton, but these, because of their inaccessi-
bility, are valueless at present. There are numerous natural
exposures in the vicinity of McIntyre, which it was not possi-
ble to visit and describe. '

BALDWIN COUNTY

The most notable clay deposits in this county are at
Stevens Pottery, located on a branch of the Central of Geor-
gia Railway, 9 miles south of Milledgeville. Af this point is
located the manufacturing plant of Stevens Brothers and
Company. This company manufactures fire brick, and loco-
motive tiling, sewerpipe, drain tile, fire proofing, flue linings,
ete., and is one of the largest companies manufacturing clay
products in the State.

Fine exposures of the clay beds and overburden may be
seen in the pits to the south of the plant. In the first pit
south from the plant, and on the east side of the railroad
track, the following geological section could be seen at the
time of my visit:

1 Red to orange, clayey sand...................... 12 feet
2 Yellow ocherous sand .........coveviveinnn... 18 ¢
3 Soft, white to yellow fireelay.................... 10 ¢

Nos. 1 and 2 constitute the overburden. No. 2 is a yellow
sand, highly ferruginous, containing thin layers of limonite
one or two inches thick, and kidney-shaped or potato-shaped,
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hollow limonitic nodules. Both Nos. 1 and 2 are rather coarse
gand ; small pebbles of quartz ocetir, but are not abundant. The
overburden is unconsolidated. The fire clay bed is a soft,
white to yellow, jointed clay, showing red and yellow streaks
of iron oxide. The bed is massive in structure, showing no
laminations or stratification lines, and varies in thickness
from 8 to 20 feet. The variation in thickness is due both to
irregularity of deposition and to erosion of the bed before the
deposition of the overburden. The occurrence of the clay
here is typical of the Fall Line clays. The clay itself does
not differ in structure and composition from the soft clays of
the Dry Branch region, except that it contains on the whole
a higher percentage of iron oxide. '

This pit is being worked and the clay used in the manufac-
ture of fire clay products and sewer pipe. The overburden is
removed by a steam shovel. Only the east side of the pit is
being worked, but white clay is also exposed on the west side
of the pit; but the beds seem to be thinner and more variable
than on the east side.

The section in an abandoned pit on the west side of the
railroad track is:

1 Coarse, red to pink, crossbedded sand, containing clay peb-

bles and clay conglomerate.................c.coviie. 6 feet
2 Tough, white clay, containing about 50% sand............. 5 ¢«
3 Drab kaolin, more or less sandy..........ccviiiivrennnnnn. 5 ¢
4 Thin limonitie layers and conecretions and ferruginous sand. 3 ¢¢
5 White and yellow, fine, micaceous sand.................... 6 ¢
6 White elay . ..iiviitiiiiii it it it i i 1 foot

It seems quite probable that Nos. 2, 3, 4 and 5 of this sec-
tion correspond to No. 2 of the preceding section. No. 1 con-
tains hard, water-worn clay pebbles and a curious, soft clay
conglomerate. The clay pebbles approach kaolin in chemical
composition, and were evidently torn from sedimentary kao-
lin beds. They are quite hard and flint-like, and it requires
a strong blow with a hammer to break them. The clay con-
glomerate is composed of small rounded pellets of soft white
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clay imbedded in a matrix of bluish and darker colored clay.
Neither the pebbles nor the conglomerate are of any commer-
cial value, but are of much scientific interest on account of the
light they throw on the conditions of deposition of the strata.

The Tuscaloosa strata are overlain unconformably by Ter-
tiary strata. About one-fourth of a mile south from the plant,
there is 30 to 40 feet of stiff tenacious blue to red clay ap-
pearing much like the Tertiary clay in the vicinity of Gordon
and McIntyre. This clay is used to a small extent as a bond
for the fire clay in the manufacture of fire brick.

In the lower pit on the east side of the railroad, the fol-
lowing section may be seen:

1 T 8 feet
Sand and micaceous clay.............. e 4
Kaolin t.vuiveiiruniinsranensrooiienaneeeruonnneans 3

This pit is now abandoned.

In a pit 1145 miles southwest of the station, there are 8 feet
or more of hard, bluish-white, rather minutely jointed clay.
The amount of overburden is small, 4 to 10 feet, but will
gradually increase. The thickness of the clay is not constant,
and it is seen to grade into a hard, sandy, impure clay. The
clay bedisunderlain by thin layers of red and yellow siliceous
iron oxide. This clay is highly refractory and should be suit-
able for fire clay products.

‘While the clay beds on the property of this company will

present variations in thickness and texture, as is the case
throughout the whole Fall Line region, the quantity of high-

grade fire clay may be considered, for the needs of the present
plant, practically inexhaustible.

The chemical analysis of a fire clay from this property,
by Ladd,! is given below. While this analysis is not of the
fire clay which is now being used, it is nevertheless represen-
tative of the character of the clay occurring here. All of the

1. Bulletin 6-A Georgia Geological Survey, p. 139.
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beds here are similar in composition, showing only slight
variations in the amount of iron oxide and sand.

Analysis of Fire Clay From Stevens Pottery

MOISEUTE o evevne it iie it tariee o cnnnnesans 0.72
Loss on ignition.......oovvviiiniiiiiiiiiiiiia.., 13.64
Silica (combined), SiO,.............. ... ... ... . 43.85
Sand ... e i i e 2.77
Alumina, ALO; ....oivii it 38.28
Ferric oxide, Fe,Op. ... 1.02
Lime, CaO ..ccvuniniiiiiiiiiii it 0.18
Magnesia, MgO .......... ... 0.00
Potash, Na,0 ......... ... i, 0.05
Soda, KO ..o e 0.08
v Total ... .o i e 99,87
Clay base ........ooiiiiiiiiiiiniiiiiiiiiiiiiiinns 95.77
Fluxing impurities ........coiiiiiiiiinieriienenennnn 1.33

The tensile strength of this clay is given as 24 pounds per
square inch, and its fusing point as about Seger cone 35,
3,326° F\.

For the manufacture of fire brick a mixture of the high-
grade fire clays and the impure Tertiary clay, above men-
tioned, is used. The high-grade fire clays, here, have fusing
points from cones 32 to 35, but the small percentage of impure
clay used, reduces the fusing point of the fire brick to about

. cone 30. The fire brick are usually burned to cone 6.

The sewer pipe is made from a mixture of fire clay and
plastic alluvial clay from Milledgeville, about 20 per cent. fire
clay and 80 per cent. alluvium. For the larger sized pipes the
amount of refractory clay is increased. The fire proofing is
made entirely from the refractory clays.

OrrER Locanities.—Northward from Stevens Pottery the
Cretaceous rocks have been largely removed by erosion, and
the decomposed crystalline rocks underlying are visible.. No
other white clay deposits likely to be of commercial value are
known to the writer. North of Milledgeville only the crystal-
line rocks are exposed, though deposits of white clay are
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likely to be found both east and west ‘of Stevens Pottery near
the Wilkinson county line.

WASHINGTON COUNTY

In the northern and western parts of this county there are
extensive beds of white clays. Most of these clays are only
fire clays; all very highly refractory, however; but some give
promise of being more valuable than fire clay. Much of the
white clay of this county is so inaccessible, as to be almost
valueless at present for any purpose. The surface is largely
covered by Tertiary sands and clays, and the Cretaceous is
exposed only along stream valleys where erosion has been
most active. ‘ '

SaxpeERsVILLE—On the property of Chas. Rollins, 6 miles
west of Sandersville, on the Deepstep road, there is a natural
exposure of 16 feet of white clay. This bed outerops near the
base of a steep hill, sloping into the valley of Keg Creek. The
bed is overlain by 50 feet of greenish, shale-clay and red
sand. The deposit is typical of much of the clay lying north
and west of Sandersville. The clay is minutely jointed, so
that it crumbles when picked into, is a drab or cream color
becoming - white when dry, and frequently contains coarse
quartz particles. A sample for laboratory tests was taken
from the exposure near the bottom. The following is a
~ chemical analysis:

Moisture at 100° C.......coviiiiiiiii it 0.96
Loss on ignition............coiiiiiiiiiii i, 11.82
Silica, 810, +uuurniiii i i e 50,12
Alumina, ALO; ... .ottt i i it et i i e 33.09
Ferric oxide, Fe.03 .. ovvvn il it i 1.19
Lime, CaO ...t e trace
© Magnesia, MgO ........ .. it i e 0.08
Soda, Na,0 ...ttt i ittt e i i trace
Potash, K,O ..ivvvtiiiiiiiinneinsitneennnann S trace
Titanium dioxide, TiO, ........covviiiiiiiiiiiniann.. 2.26
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F16. 1.—CrAay BEp, RAILROAD CuT, PRrROPERTY OF J. R. VAN BUREN, GRISWOLDVILLE.

F16. 2.—Cray BEp, ProPERTY OF J. R. VAN BUREN, GRISWOLDVILLE.
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The clay contains: -

L o 12.68

Clay substance ..........c.oiiiiiiiieieieiiiiiiennnes 87.32
Total .ovvniiiiiirriereiiinantisrenisnonacsernnns 100.00

Physical Tests

Water required for mixing................ 30%
Plasticity .....ccveiiiiieenirennronniannas medium when clay is
finely ground

Air-ghrinkage .......c.ciiviiiiiiocniianens 2.9%

Slaking property ..........c..iiiiiiiinnnnn fair

Tensile strength (average)................ 27 1bs. per sq. inch
Cone 5— -

Fire-shrinkage ........c.ciiiiiiiiiinnnns 9.0%

[0 T cream

Condition ...........ccvveiiiiiiiiniinines steel hard
Cone 8—

Fire-shrinkage ........ccvcveeeennivancnnes 13.0%

Color ..iiiiiiiii i i i, light buff

Condition .....covviiiiiiiniioninsiieiinaes slight checking
Cone 14—

Fire-shrinkage ............c..ciiiiiiinens _

Color .t i i i it eeae light buff

Condition ......vvvvivvnnniiiinnieennns . slight checking

Fusing point ... vvveviiiiniiiiieiiiens above cone 31

The clay shows poorer plasticity and- slaking qualities,
and burns to a darker color than the soft, pottery and paper
kaolins of other localities; and its most valuable quality is
probably its refractoriness.

The air shrinkage is low, which is due perhaps to the high
percentage of quartz sand, as shown by the above chemical
analysis.

Northwest of Sandersville, about 514 miles, near the site
of the old Carter Mill, there is a natural exposure of 6 feet
of “‘chalk’’ or white clay. From its physical appearance, it
will doubtless have similar properties to the Rollins clay just
described. One mile further north along the public road

19
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there is an outerop showing & thickness of 12 feet of semi-in-
durated, jointed, white clay. There is doubtless a very exten-
sive bed of this clay through this region, and there is some
probability that the outerops just mentione(‘i, and that on the
Rollins property are exposures of the same bed, which is con-
tinuous throughout this part of the county.

CraLker.—Chalker is located :on the Augusta Southern
Railway, 14 miles northeast of Sandersville. About one mile
south of the station in a railroad eut there is an exposure of
the white, Tuscaloosa clay. The bed shows a maximum thick-
ness of 12 feet or more, and is overlain by 40 to 50 feet of Ter-
tiary sand and clay and sandstone. The sandstone is gray,
micaceous and is thinly laminated and is something in the
nature of a whetstone or grindstone. It may be 2 or 3 feet in
thickness, and may lie directly above and in contact with the
white clay. The white clay is sandy and somewhat hard at
the top of the bed, becoming softer towards the bottom. It is
rather a dull drab in color. Its chief qualities are compara-
tively high tensile strength and dense burning properties.
The following is a chemical analysis of the semi-hard clay:

Moisture at 100% C.ovveervviiinein, viiniennennnenn. 0.20
Loss on ignition, water......co.iiiiiiiiiiennnnnirenns 10.92
SBilica, 8i0; . v.vit ittt ittt trsr e 52.30
Aluming, ALO; ... iiiriiiiiiiinienetseennannenaanans 32.88
Tron oxide, Fe,Og . oo viiiiniiiiiiiiiiieieianinneennnnn 1.36
Manganous oxide, MNO.......viviiiiieriernnnaereenns trace
Lime, Ca0 .....vviiiiiiiiiinnironneentroncenanns e 0.00
Magnesia, MZO. .. .oiiiiiiiiieereisnecrnnieesnnonns 0.18
Soda, Na,O....coiviiiiiiiiii ittt ittt 0.24
Potash, KyO. ..o iiitiiiiiiiriiiiintnteenarennrnannans 0.71
Titanium dioxide, TiO; «cvvvvrvirereerrrerirenerinnnss 1.56

0] 7 1 P 100.35

Feldspar.....ce0vuvnnn. 0.82

Quartz.............o... 13.85 } Sand ..ol 14.67

Clay substance ..........5.. e st rese it e 85.33
B33 7 P 100.00
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The results of the physical tests were: Color, drab to
white; plasticity, good; air shrinkage, 5.7 per cent. The ten-
gile strength was 127 pounds per square inch. '

ey o burning tests showed :

Cone Fire-Shrinkage Color Condition

1 Cenes white soft
5 5.6% cream almost steel hard
8 7.5% cream steel hard
13 7.5% eream steel hard, not vitrified

It burns without cracking, due doubtless to the high per-
centage of sand that it contains.

Its slaking properties are fair, but it tends to be rather
granular; a one-inch cube slaked to a fine granular mass in
10 minutes. See slaking tests on another page.

This clay might be of value as a bond for the soft, white
clays of other localities, which show low tensile strength.
Alone, its color both in the raw and burned conditions, is too
dark to make it of value for pottery or paper purposes.

‘WartHEN.—Near the old Warthen mill, 214 miles west of
‘Warthen, a station on the Augusta Southern Railroad, there
is an outcrop of white clay, which seemed to be of excellent
quality. The clay was soft and white, but only 2 or 3 feet
was exposed, and no definite information was obtained as to
its thickness or extent.

OtaER Locaviries 1n WasHINGTON CoUNTY.—In the west-
ern part of the county, exposures of Cretaceous strata are
numerous, and white clays undoubtedly occur in great abund-
ance, but on account of their great distance from railway
lines, they are at present of little or no value.

On the property of Mrs. S. M. Gilmore, 10 miles north of
Oconee, there is a fine natural exposure of white clay, about
114 miles southeast of the Gilmore residence. There is a
thickness of 15 feet exposed, overlain by 20 to 30 feet of red
mottled sand. This clay is both hard and soft, and shows
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considerable variation in its sand content. It burns white,
and is highly refractory, and in addition to being a high-grade
fire clay, gives some promise of being suitable for white ware.

The following is a chemical analysis of a sample of the
purest clay from this property:

Moisture at 100° C.....oiiiiiniiiiniiniinnnnirennn, 0.56
Loss on ignition, water........... ... ... il 13.53
Silica, B0, v.ovvvvi i i i it e, 44,43
Alumina, ALO; .....vvtiiiiiiii ittt .... 38.66
Iron oxide, Fe;03 v vvvnin it iiiiiiiiiiiin i .85
Lime, CaO .....c.ovvviiiiii i,
Magnesia, MgO
Soda, Na,0.......
Potash, K,O..oovvvvviiiiiiiine, i .
Titanium dioxide, TiO, ........cviviiiiiiiioe, 1.93
Total ..v it i i i i, 100.30

e A G21 f Sand 1.46
Clay substance ......coiiiiiiinniiiiiiiieinennenns 98.54
Total ....... IR 100.00

GLASCOCK COUNTY

G1BsoN.—(ibson is located on the Augusta Southern Rail-
road, 50 miles southwest of Augusta. Large undeveloped
deposits of both kaolin and fire clay occur near this place. A
very extensive bed of Tuscaloosa white clay occurs on the
property of J. Newsome, 3 miles east of Gibson. The clay
outerops on the east side of Deep Creek at the base of a low
sloping hill. The following geological section illustrates the
position of the kaolin bed, and the nature of the overlying
strata making up the hill:

Red, crossbedded sand, capping the hill............c.ciiieivvinnn.n, 30 feet
Drab and greenish, soft, impure clays..............civiiiiiiiinna., 20 ¢¢
Thin bedded, soft, fossiliferous limestone...........ccvevivevnnnennnn 5 ¢
Calcareous elay and 8and......c.coviiveeeererreenvesonsncaervsnoceans 5 ¢
Kaolinic quartz sand, containing large pellets of white clay.and dessimi-

nated kaolin ........ciciiiiiiiiiiiiiiiiiiriiiianeen ieeeeas 15 ¢¢
Kaolin, stained with iron oxide near the top of the bed ............... 6 ¢

The above section was made along the roadway from Deep
Creek to the Newsome residence. Inasmuch as but little in-
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formation could be obtained from the mnatural outcrops, a
number of auger borings were made to determine the extent
and thickness of the clay bed. Hole No. 1, bored about 50
yards east of Deep Creek, near the public road and on the
south line of the Newsome property, showed:

Kaolinic 8and ......ccoieiivenne, iovsensaneisnnannnn 12 feet
White, plastie clay, stained near the top............ 7 ¢«
White clay with streaks of yellow and purple........ 14 ¢«
Cream colored clay, free from ‘‘grit’’ ...........c... 7 ¢
Quicksand, water bearing.........coiieiiiiiiiiinnn 1 ¢
Total ......... ottt estetie et rireseanatatarean 41 ¢«
Hole No. 2, located 200 yards north of No. 1, showed:
Coarse kaolinic micaceous sand....... etrerrecienane 10 feet
‘White, plastic clay, somewhat micaceous......oovc... 22 ¢«
Very fine, quartz sand, water bearing.........c0vves. 2 ¢
Total ...virrriiiiriuieeroceresssesssasaseanans 34 ¢¢

In hole No. 3, located 200 yards northwest of No. 2, the
clay bed was found to have a thickness of 30 feet. The upper
‘15 feet consisted of white, plastic clay; the lower 15 feet was
cream colored and the last 3 feet very sandy.

In hole No. 4, located 50 yards northwest of No. 1, 19 feet
of clay was found.

The record of hole No. 5, located on the north line of the
property and about 14 mile north of No. 1, was:

Red, yellow and white quartz and mica sand......... 18 feet
Tough, yellow clay.....covveeennrnnnnnnens e 2
‘White, micaceous clay....ovueiireisensnnosiiacannns 7 ¢
White, sandy c€lay.....coeiieeriiicrsencscscancanes 2 ¢
Tough, white clay...ocvvviernrieirrosceessarnecanss 7 ¢
B 36 ¢«

The average thickness of the clay bed, as shown by the
five auger holes, is 23 feet. While undoubtedly parts of the
bed will be found so stained with iron oxide that they will be
of but little value, it is believed that the greater part of the
bed can be profitably washed, and that there is a large per-
centage which could be placed on the market without washing.
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- The possible maximum overburden is 80 feet or more, but
this thickness is a gradual increase eastward, and is based of
course upon the assumption that the clay bed continues east-
ward and maintains its thickness. It will be found that an
enormous quantity of clay-can be mined with an overburden
not exceeding 20 to 30 feet.

A sample obtained by the writer from a small plt at the
location of auger hole No. 1, was tested in the laboratory. It
showed excellent plasticity, and required 45 per cent. of water
to develop the maximum. Its linear air shrinkage was 5.8
per cent. Its tensile strength was low, not exceeding 15
pounds per square inch. It is very fine grained, 85 per cent.
of the crude or unwashed. clay passing a 200 mesh sieve.
Under the microscope the sandy impurities observed were,
sharp to subangular particles of quartz, flakes of muscovite
mica, the most abundant mineral impurity, grains of decom-
posed feldspar, and the numerous grains of black minerals
which are visible to the unaided eye standing out in contrast
to the white clay particles. These minerals occur in angular
to subangular particles, and no definite erystal forms were
detected.

The larger percentage of these large black specks are re-
tained on the 150 mesh sieve. Some of the dark colored min-

~erals recognized under the microscope, were angular particles
of smoky quartz, rarely a flake of biotite, while it is probable
that a part were grains.of hornblende and augite. No mag-
netite nor titanium bearing minerals could be recognized with
certainty. However, some of the quartz particles contain
minute black needles Which strongly suggest rutile.

Bumm g Tests

Cone Fire- Shrmkage . Color
4 ' U 5.2% white
9 10.5% dull white
12 11.2% white with black specks

32, vitreous, near fusing point.
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The clay burned steel hard at cone 9, without checking or
cracking. The small black specks noted in burning, are due
to the fusing of sandy impurities, and would be largely elimi-
nated if the ¢lay was washed. At cone 12 some checking and
cracking was obsérved. :

The following is a chemical analysis of the Newsome
kaolin :.

Moisture at 100° C..tiitiiiiiiiiiiinieenseneninnans
Loss on ignition, water
Silica, SiO; ...vvviiiiiiiiiiiina, ..

Alumina, ALOg . ..vteniiiiiiiiiiiiiereierennereanns
Ferric oxide, Fe,0p - ovvniininein i ianiinienrnnnennns
Lime, Ca0 ...ttt ittt iiiierateternreneanas
Magnesia, MgO ........oiiiiiiiiiiiiiinriniinnnanas
Sodium oxide, Na,0 . .. uviiiiiininiennennernneenens
Potassium oxide, K,0......oovviiuiiiiiiinii i, .
Titanium dioxide, TiO, . .vvuenienenriiinrenransnnnnns 1.37
Sulphur, 8. ...ttt ittt iiiiiiie i i 04
Phosphorus pentoxide, P.Og...oinveninnennnnnneennnnn trace

Rational analysis:

Feldspar........ovvut 0.57

Quartz..... ... ..l 0.48 Sand ...voviinniien 1.05

Clay substance.........coiiuniiinnnreenenienronnranens 98.95
B¢ 7 100.00

Several barrels of crude clay from this property were
shipped to Augusta and tested for white ware at a small ex-
perimental pottery at that place. The results, though made
under rather adverse conditions, were promising. The clay
should be suitable as a paper filler, as it has excellent slaking
properties, plasticity and white color. To obtain clay free -
from ‘‘grit,”’ careful selection from the bed or washing, would
be necessary. It is highly refractory and can be used for fire
clay products. KExcessive shrinkage can be counteracted by
a small percentage of sand and the kaolinic sands directly
overlying the clay bed would be very suitable for this pur-
pose.

On the property of Wilson Glover, 2 miles east of Gibson,
there is a bed of flint fire clay 20 feet in thickness. The bed
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outcrops at the east end of the Augusta Southern Railroad
trestle over Rocky Comfort Creek. It is overlain by 20 to
30 feet of Tertiary sand and clay. A very fine grained
aluminous sandstone 214 to 3 feet thick was noted lying in
contact with the flint clay, but this does not seem to be a
persistent formation. The flint clay is cream color to yel-
low, jointed, and contains coarse, angular quartz particles, it
is very hard, breaks with an angular or flinty fracture, and
disintegrates only very slowly upon exposure to the atmos-
phere.

A sample ground to pass a 40 mesh sieve when mixed
with water, was ‘‘mealy,’”’ and was very poorly plastic. The
air shrinkage was almost 1nappreclable, and it showed no
fire shrmkagvewim'tll cone 12 was reached, when the total air
and fire shrinkage was about 5 per cent. It burns to a cream
color and to a yellow. The burned bricklets were very fri-
able, even at cone 16. The air dried tensile strength does

not exceed ten pounds per square inch. It is evidently a
highly refractory material as it showed no signs of fusing
when heated to cone 30. The following is a chemical analy-
sis of this clay:

Moisture at 100° C..viiiniiiiiiiei ittt iianneanns 2.28
Loss on ignition, water..........coiiiiiiniiinneinnes 10.05
Silica, Si0; .. i ittt it taaa, 56.14
Alumina, ALOg .. .ivveitiniineiiiieneniinnsanieennnns 28.39
Tron oxide, Fe,05 e ovviieniniriiiiiiiiiiiiieeiienns 111
Lime, Ca0. . ciuiiirrerierieernoiseerosscsnanssonnns .20
Magnesia, MgO...uiiiiiiniiiiinaierirnnniroiennnanss A1
Soda, NaO..ooiiieiiiiiiiiiiiiiiineiiernnasinennnnn trace
Potash, KO, i iiiiiiiiiiiiieetiiiiertatesireennnns trace
Tltamum dioxide, TiOz cvvieen i iniiniiironeonneennens 1.84
Total ...iitiieeiiaiitetrennnnaarsroneennannan 100.12
Rational analysis:
Feldspar.........c..u0 0.53
QUATEZ .o o veneernons 17.84 i Sand.....onienn 18.37
Clay substance .......c.cevveeneucnnuenresernenesananss 81.63
bS] 7Y 100.00

This clay could hardly be used alone, but when mixed
with more plastic clays, should be of value for fire clay prod-
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F16. 1.—CRETACEOUS STRATA AT CARR’S STATION.

Fi1c. 2.—RAILROAD CUT AT CARR’S STATION.
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ucts. The clay bed will likely be found extensive, and may
show different texture and physical properties at other
points. A _

At Jumping Gully Creek, about one mile west of Gibson,
there is a natural exposure of 10 to 12 feet of semi-indurated
white clay overlain unconformably by Tertiary strata, and
which seems to occupy the same geological position as the bed
of flint fire clay east of Gibson, just described.

On the Grange Road, 4 miles south of Gibson, at Tom-
kins’ Ford on Joe’s Creek, there is another natural exposure
showing 15 feet of bluish-white or drab, semi-indurated clay.
The bed is overlain by 30 feet of greenish Tertiary shale-
clay. The clay at this place and at Jumping Gully Creek,
will probably be found highly refractory, but does not seem
to have any other valuable properties.

Acricora.—On the property of J. T. Brady, 2 miles south
of Agricola, 12 feet of white Cretaceous clay was noted;
similar clay with an exposure of 10 feet was also noted on
Big Creek, 4 miles southeast of Agricola. There are doubt-
less extensive beds of Cretaceous clays through this region,
but none of the outcrops examined, gave promise of being
china clays or paper clays.

JEFFERSON COUNTY

Cretaceous strata are exposed only in a very limited area
in the northeastern part of this county, and no white clays
of importance were discovered during field work. A bed of
white clay is reported near the old Lucky Mill on Bigbriar
Creek, one mile above Bigbriar postoffice, but nothing is
known of its quality. Its distance from a railway line would
preclude its being of much value.

RICHMOND COUNTY

Extensive and valuable deposits of fire clays occur in
Cretaceous strata in this county. It was not possible dur-
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ing the field work to visit and describe all of the outcrops
and deposits in the county, but the following descriptions
will be found in the main of general application to other
deposits. By reference to the map of the Cretaceous it may
be seen in what parts of the county, white burning clays may
be expected to be found. The white clays are both hard and
soft, and fire clays and kaohns, and in their geological occur-
rence, structure and origin are quite similar to the clays of
the Dry Branch and other regions previously described.

VHEPHZIBAH.—HephZibah is located on the Augusta South-
ern Railroad, 9 miles southwest of Augusta. One of the
most commercially valuable clay deposits in the county,
occurs on the property of the Albion Kaolin Company at this
place. This clay is being mined, and excellent views of the
strata can be seen in the clay pits, and facts concerning
the occurrence of the clay of general application, can be
observed. '

The clay bed is massive, jointed and slickensided. The top
of the bed is undulating and the thickness of the bed shows
variations. In a moist condition the clay is eream colored to
white or light drab; it is soft and in places entlrely free from
any gritty partlcles, but may contain small spots of sand and
nodules of yellow limonitic clay. In the north side of the pit
at the timé of my visit, the following section could be seen:

1 At the surface grayish brown sand....... . 3 feet
2 Gray and red sand, with small quartz pebbles . 3 to 8 feet
3 Crossbedded clay, "arkosic sandstone........... 10 ¢¢ 15 ¢¢
4 Masgive, jointed, cream-colored eclay............ 12 o«

The overburden amounts to about 25 feet, though it will
present variations in thickness and can reach a maximum of
80 feet. The material above the clay bed, No. 3 of the section,
consists of gray, micaceous sand with chunks of kaolin, and
may be indurated into a clayey sandstone or arkose, contain-
ing the various minerals of granitic rocks. The overburden
as a whole is generally unconsolidated.



CRETACEOUS KAOLINS AND FIRE CLAYS 187

" On the south side of the pit, two clay beds are exposed.
The following section was made opposite and about 150 yards
distant from the above section, and shows the variable nature
of the deposits:

1 Bright, red, finesand.........oo oL, 40 feet
2 Thin layered sandstone......oceviuieeieinnnianeann. 4 ¢
3 White to grayish hard elay..........ccevvevinnn.. .. 20 ««
4 Crossbedded arkose ..........ciiiiiiiiiiiieiinn, 10 «¢
5 Soft, cream-colored kaolin, ,........co0viveeervennns 4 <

The hard clay, No. 3.of this section, does not appear on
the north side of J_the pit. This hard clay grades abruptly
into a coarse kaolin sand and a hard kaolin breccia or sand-
stone. \

The sand, No. 4, varies in thickness from 3 to 20 feet within
a horizontal distance of 150 feet. Only 4 feet of the soft
kaolin at the bottom of the section is exposed, but the bed is
reported to have a thickness of 9 feet. This soft clay bed
corresponds in its geological position to the soft clay bed
being mined on the opposite side of the pit.

The hard clay or flint fire clay, No. 3 of the last section,
warrants special description. It differs from the soft kaolin
in hardness, texture and physical properties, but does not
differ materially in chemical composition aside from the
greater percentage of quartz sand. It presents minute join-
ing-and is stained both by iron and manganese along the
joint planes. The sand grains are notably larger in size than
in the soft clay, some being found as large as a pea and one-
fourth inch in diameter. Stem like and round nodules of
clay occur within the mass of clay and weathering out, leave
a pitted surface. These pits and worm like holes may con-
tain black incrustations of manganese dioxide, pyrolusiie.
Upon exposure to the weather, the clay crumbles, and largs
chunks fall from the bed and form debris at the bottom of
the pit. B

The clay on this property undoubtedly occurs in enormous
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quantity, and at the present rate of mining, will last many
years. Outerops of the clay occur in the valley, both above
and below the present pit, and the bed shows no indications
of diminishing in thickness, as it is worked back into the hill.
Beyond actual observation, however, the thickness and purity
of the clay beds can not be predicted with certainty, as both
purity and thickness are liable to variations.

Fig. 8—S8ketch of the Clay Pit of the Albion Kaolin Company, Hepzibah,
Georgia. 1. Superficial Sand (Columbia). 2. Red Sand
(Tertiary). 3. Coarse Kaolinic Sand (Cretaceous).

4. White Clay Bed. 5. White Micaceous Sand.

Samples of both the hard and soft clays were collected
and tested in the laboratory. The following is a chemical
analysis of the soft clay. The analysis represents probably
the average of the whole thickness of the bed from the pit
from which it was taken, and does not represent the purest
selected clay.

Moisture at 100° C....oviriiiiiiiiiiieniiinnneennnnn.
Loss on ignition, water......................0 ..,
Biliea, 810, v vttt iiiiiii i it e i
Alumina, ALOg . ovvviiiiiiieiiieereinnererennennnanns
Iron oxide, Fe,O05 .. cvvvvvnvininninnnn.,

Lime, Ca0l . .vtiiiiiiiiiiiiii ittt i
Magnesia, MgO......coviiniiiiiiiiiiiiiieiannrannn,
Manganese dioxide, MnO,
Soda, Na,0..ovvivvninnnreninnnns Ceseeiieresnrresnne 0.24
Potash, Ky0. . iiieiei ittt iriiiririrteennnnsecsans 0.11
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Titanium dioxide, TiO; .....cviviieriiiiiiiiiennnnnns 1.04
Phosphorous pentoxide, P,Os.....covvviiiiiiiiiinnns A3
Sulphur, 8 ... i i, .02

117 7 P 100.25

£ 2 T 5.51
Clay substance............. e reeearcaeiereeeerens 94.49
Total ...uviveriniiiinneeissresssosnsenancanens 100.00

A sample of the purest clay, when tested in the laboratory,
showed almost entire absence of any gritty particles, was of a
rich cream color, and very plastic. It required 42 per cent.
of water to develop its best plasticity; its tensile strength
was low, not exceeding 12 pounds per square inch. Its air
shrinkage was 4.3 per cent.; slaking properties excellent,
ranking in this respect as one of the best clays tested. It
was very fine grained, 98 per cent. passing a 200 mesh sieve,
or in other words 98 per cent. of the component grains were
less than .0025 of an inch in diameter.

Burning Tests

Cone Fire-Shrinkage ~ Color Condition
4 5.2% pure white soft
12 12.4% faint cream steel hard

The clay exhibits a slight cracking in burning. Notwith-
standing that this clay shows a higher iron percentage and
is a darker color in its raw state, it burns whiter than other
clays, showing smaller iron content and whiter color. The
clay is highly refractory; tested in the Deville furnace its
fusing point was determined at cone 34.

This soft clay is mined and used extensively as a filler
for wall paper and newspaper, and its suitability for these
purposes has been demonstrated. In addition, the selected
and purest clay gives promise of being of value as an ingred-
ient of white ware bodies, though no tests on a commercial
scale have yet been made. Its fine plasticity and working
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qualities would be much in its favor, though from present
knowledge, it could be used only in limited quantities on
account of its off color when burned at a high temperature.
The faint cream color does not seem to be developed until a
temperature above cone 4 is reached, since at this latter
temperature it burned pure white. In the lower grades of
pottery where pure white colors are not requisite, it should
be a valuable clay. '

The more impure parts of the bed are high grade fire
clays and could be used in the manufacture of fire brick and
other refractory products.

Physical Tests on Flint Fire Clay from Albion Kaolin Com-
pany Hephzibah

The plasticity of the clay is poor and it tends to be
“‘mealy,”” owing to its very poor slaking qualities. Its ten-
sile strength is low on account of the coarseness of the clay
particles. In color it is perbhaps somewhat lighter than the
soft kaolin. It showed an air shrinkage of 5 per cent.; the
fire shrinkage was lower and its tendency to check in burn-
ing was less than in the soft clay. The burning tests were:

Cone Fire-Shrinkage Color . Condition
4 4.4% white . soft
15 9.1% ecream cracked

This clay was unfused at cone 33, 3,254°F, and may there-
fore be considered, in point of refractoriness, a No. 1 fire
clay. In connection with the soft clay it might be used in
the manufacture of fire brick and other refractory wares.

Method of Mining at Albion Kaolin Company’s Pits

The method of mining is similar to that described at Dry
Branch. Mining is carried on in open pits, and this seems
to be the only practicable way of mining, since the strata
overlying the clay bed consists for the most part of uncon-
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olidated'band which would not permit of sinking a shaft and
employmg underground methods.

A small roughly circular or square pit is started near
the level of the outerop of the clay bed where the overburden
is least. The overburden is first entirely removed from the
top. of the bed so that an area of 300 or 400 square feet of
«clay is laid bare. This overburden is entirely waste and is
usually dumped at some point where it will not interfere
with future mining. The overburden being removed, the
kaolin is excavated to the depth that is desired to work the
bed, and a vertical clay ‘‘breast’’ or ‘““face’’ is made, from
which the clay is more easily picked down.
~ The kaolin is too tough to be spaded, and it is pulled down
. ‘from the clay face in large chunks by the use of broad pointed
curved picks. Two miners drive their picks deep into the
clay face at points a few inches apart, and by combined pry-
ing tear off large chunks of clay. Jointing greatly facilitates
Tnining, and frequently heavy wooden stakes are driven into
the top of the clay bed a foot or so back from the clay face,
and to such a depth that oblique or horizontal joint planes
are intersected, when large chunks of kaolin may be thus
pried off, the chunks slipping along the joint surfaces which
are usually slickensided and quite smooth. The clay chunks
.are broken up and culled and sorted. The pits are kept free
from water by drainage ditches and by pumps. Usually a
shallow ditch is dug on the top of the clay bed to divert the
water which seeps through the overlying sand.

..The chunks of raw kaolin are loaded by hand on small
cars at the pit, and hauled to the air drying shed. The dry-
‘ing shed is situated on the hill, 80 feet above the pit and the
loaded cars are pulled up an incline by means of a steam
hoist. The drying shed is a long covered shed with open
sides to allow circulation of air through the clay. The shed
,1conhsi,‘s,_ts Of, a series of superimposed racks, the floors of which
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are movable and are made of poles or 2x4 scantlings placed
a few inches apart. The vertical interval between the racks
is 4 or 5 feet. The ‘‘green’’ clay is dumped on the top rack
and as it dries is dumped on the racks below until it reaches
the floor of the shed. Under ordinary conditions of weather
about three weeks are required for drying. The dry clay
is broken up into small chunks and packed by hand into large
wooden casks holding approximately a long ton.

Kine PropErTY.—On the King estate in Richmond county,
214, miles south of Belair, and 5 miles southeast of Grove-
" town, there is a fine natural exposure of Cretaceous clay.
The clay bed outerops in the hill and the east side of a small
stream which flows through the property, and can be located
by springs which issue from the contact between it and the
overlying loose sand. The clay is semi-hard, white and for
the most part contains a large percentage of coai‘se, quartz
sand. At two points where the bed was prominently exposed,
it showed a thickness of 15 and 18 feet. The following geo-
logical section of the hill shows the nature of the overlying
and underlying beds. The section was made from the house
westward down the hill to the main spring:

1 8lope, covered by a mantle of loose sand............ 20 feet
2 Red and orange loose sand........civiiiirnniinennn, 40 ¢
3 White clay...coove, ivvrerinreereereeiiisionnannnns 18 ¢«
4 Sand with pebbles and white clay layers............. 30 ¢¢
5 Sand to creek, character concealed......,........... 50 ¢

About one half mile south of the spring and the principal
exposure of the white clay, a bed of soft, white kaolin 4 feet.
thick is exposed in the hillside, and occupying about the same-
position as the hard bed. The hard clay is not exposed at
this point. It is probable that the beds will be found here as.
elsewhere, variable in texture and thickness.

A sample of this clay was collected and tested in the lab-
oratory. It must be borne in mind that the property is
entirely undeveloped, and the tests here given are indicative
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only of the part of the bed which is naturally exposed. The
following is a chemical analysis of a sample representing as
nearly the average of the bed as was possible under the cir-
cumstances:

Moisture at 100°C. .. .. ...t i i e 2.69
Loss on ignition, water............... oL, 11.53
Siliea, 810, ..ot i e ettt e e 48.87
Aluming, ALOg .. oviiiiiiiiiiiiiiii et 33.41
Iron oxide, Fe,0s v viiiiiiiiin i i e ie e e 1.11
Lime, Ca0 .. uicuuinet et iineetae s nreinneeennnnns 0.00
Magnesia, MgO. ...ttt .09
Soda, NaO. ..ottt ittt 31
Potash, K,0. . ..ottt ittt it ittt inneeenannnans 41
Titanium dioxide, TiO, ......iiivniiiiin i iennnnnn. 1.65
Sulphur, 8. ... i i e e .09

Total ..ot i i i i ittt i e es 100.16

Rational analysis:

Fluxing impurities ......... ... 1.92
Sand ... e 19.82
Clay substance..........c.civiiiiiiiiieieniiinianss 80.18

Slaking property..........ciiiiiiiiiiiiiiiin poor
Plasticity ...... oo medinm
Tensile strength......... ... oottt very low
Air shrinkage........... ... i i i e, 5.8%
Cone 5— '
Fire shrinkage........... ..., 4.9%
Color .. i i e e dull white or gray
Condition ......o.iiiiiiiiii it i soft
Cone 12—
Fire shrinkage ...........c... ool e 10.1%
Color i i e cream
Condition ......coviririinroinnriinrenenneannens " soft, slight cheek’g
Refractoriness ..........covveiiiineiiieniiennenns unfused at cone 33

This clay is evidently unsuitable for white ware pottery
or for the purpose of the paper manufacturer, but might be
used for fire brick, and buff and white ornamental building
brick, and possibly as ingredients of stoneware and terra
cotta mixtures.

O’Coxnwor Hinn Cravy.—This deposit is located on the old
Blackstone place, one mile south of 18 mile-post, on the
Georgia Railroad. Several years ago a small pit was sunk

13
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here and a small quantity of clay mined and shipped. The
clay is white, semi-hard, and free from any large percentage
of sand. The following is a geological section of the hill in
which the bed occurs:

Feet
Sand, slope covered with iron ore fragments.......... 10
Bed of siliceous iron ore...............oiiinint. 2 to 4
Gravel ....iuiiiii i e 3
Yellow and brown sand with thin clay layers.......... 50
White €lay . .oiviiriii i it i i i re e 12
Kaolinitic 8and .. ivnrnteiein ittt iierrnenenranes 40

The overburden is rather excessive, and the hill being
quite steep, a great thickness of sand would have to be
removed from the start. The overburden is unconsolidated
with the exception of the thin bed of iron ore shown in the
above section. The underlying material is a gray or white
sand containing thin layers of disseminated kaolin.

The main bed of clay is semi-hard, and part of it shows a
pitted surface due to the weathering out of darker colored
clay nodules. The bed gives some evidence of thinning out
to the northward, though doubtless the quantity of clay is
sufficient for any commercial purposes. A small amount of
this clay has been used at the plant of the Georgia Vitrified
Brick and Clay Company at Campania, and is said to have
given satisfactory results.

Physical Tests on White Clay from O’Connor Hill

L0 1 white to cream
Hardness .....covvieveennnanereiiiiaaenn semi-hard
Plasticity .....coviiiiiiiiiiii i, very good
Slaking . .ovviiiniiiniiiaiae i poor or not at all
Tensile strength ........................ 15 Ibs. per sq. in.
Air shrinkage .......ccoviiiiiiiiiiien, 4.1%
Cone 4—
Fire shrinkage .........ccoiviniiiiian., 8.69%!
L0 (e white
Condition ........coveiiinenenia.. checked badly
Hardness «.oooveeriniinriiineiettionnanens soft, friable
Cone 9—
Fire shrinkage ...........oovviiiiiiaan, 11.1%
Color .ot e white to cream
Condition ......ccoeiiiniiiiiiennaiiian., slightly cracked
Hardness ......ociiiiiiienninrrnnnennn. soft

1. Measurement not accurate on account of cracking.
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Cone 13— .
Fire shrinkage ............cciviiiiiint, 11.1%
COlOT viiitien i ietaesiasraacotesnannnns cream
Condition ........ccoiviviiiiiiiiiieianns badly cracked
Refractoriness .......ccveevvenneenrnnnnn. unfused at cone 33

The following is a chemical analysis of this clay:

Moisture at 100° C.... ...t i 4.95
Loss on ignition, water.................. ... ... ... 1318
CoSiliea, 810, ..o e 43.13
Alumina, ALO; .....coiiii it e 36.34
Ferric oxide, Fe,05 ... ..ottt .79
Lime, CaO. ..ot it i et e 0.00
Magnesia, MgO........coiiiiiiiiiiiiiii i .02
Soda, Na,O ..o et it e a9
Potash, K, O.. ..o i i it i i .07
Titanium dioxide, TiO, ........iviiiiiiiinnanns 1.47
Sulphur, 8. ... e e .10
Phosphorus pentoxide, P,O; «....o.vvvieeinineennnns .06
Total ... e e e s 100.30

Rational analysis:

Feldspar.............. 1.47

QUATEZe et 66 ¢ Sand........illll 2.13
Clay substance ..........oiiiiiiiieiiiiiiininnnennns 97.87
7 1 g e 100.00

This clay has good plasticity when finely ground, and with
its high refractoriness should be suitable for fire brick and
other refractory products, though when used alone it will
perhaps exhibit a tendency to crack in burning. This tend-
ency to crack in burning can be overcome by mixing a small
percentage of sand with the clay; the clayey sand of the Cre-
taceous lying beneath the bed would be suitable for this pur-
pose. It does not give much promise of being suitable for
white ware pottery, though its quality would doubtless be
greatly improved by fine grinding and washing.

Saxpy Rux Creek.—Along Sandy Run Creek in the south-
western part of the county, considerable thicknesses of hard,
white fire clays were observed. . These clays are inaccessible
at present, but may be of future value.

Berar.—There are a number"df‘exposures of Cretaceous
strata in this vicinity, but little white clay of commercial
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importance was noted. The Cretaceous is here quite thin,
and can be seen lying upon the upturned edges of beds of
metamorphic schists. Northward from Belair only igneous
and metamorphic rocks are exposed. The above mentioned
schists have proved to be of economic importance in connec-
tion with the white clays, and will be discussed later.

At mile-post 8, on the Georgia Railroad, there is a cut
about 15 feet deep in which white clay layers as much as 4 or
5 feet in thickness, may be seen, but these do not seem to be
extensive, and the clay does not give promise of being of
especial quality, though it is doubtless highly refractory.

In prospecting for white clays, it will generally be found
that the soft, plastic clays, as at Hephzibah, are most likely
to be of value, as pottery and paper kaolins, rather than the
hard and semi-hard clays described from O’Connor Hill and
the King place.

Avgusta.—During the progress of the Georgia-Carolina
Fair at Augusta in 1906, a small test pottery was in opera-
tion for the purpose of demonstrating that good white ware
could be made from the white burning, plastic, sedimentary
clays of the Cretaceous of Georgia and South Carolina. The
kiln was updraft, 6 feet in diameter and 10 feet high, and
had a capacity of 175 dozen cups and saucers. The machin-
ery consisted of an upright pug mill, a small blunger, a 22-
chamber filter press, a slip pump, glaze mill, ball mill, one
jigger and one lathe. The machinery was operated by an
electric motor. The ware was burned to cone 9, and about
30 hours were required for burning. The potter, though
working under adverse conditions and with insufficient assist-
ance, succeeded in turning out creditable hotel china.

COLUMBIA COUNTY

The greater part of Columbia county lies within the Crys-
talline belt of rocks, and only a small area, in the southeast-
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ern part of the county in the vicinity of Grovetown and
Harlem, is underlain by Cretaceous and Tertiary strata, and
contains the deposits of white clays which come within the
scope of this part of the report.

GroveTowN.—About one fourth mile east of the railroad
station at Grovetown, on the Fisk property, there is a deposit
of semi-hard fire clay reported to be 10 feet in thickness.
This bed is overlain by 4 feet of soft plastic clay which has
been used for stoneware in the old Grovetown pottery. The
clay bed is evidently of Cretaceous age, and is overlain by a
Tertiary fuller’s earth deposit. The stoneware clay seems
to grade into the indurated fire clay. It is very plastic and
has a high fusing point, and has been used to some extent in
lining the cupolas at the Lombard foundry in Augusta.

Physical Tests on the Grovetown Hard Fire Clay

Plasticity ..ovvveeiiininiinininiinnnnes fair
Tensile strength ......ocvvvviiiiiiiiins. 15 1bs. per sq. in.
Air shrinkage .........ooii i, 5.1%
Drying qualities ...........coviiiioi.n good
Cone 5—
Fire shrinkage ...........coiiiieen, 3.7%
COl0T v veneererirnernnneentnennonennonans white
Condition ........ccoiviiiiiiiiiiiiienn, very soft
Cone 13—
Fire shrinkage ..............ooiiiiaan.., 7.2%
L) buft
Condition .....oevvvvriniiiiiiiiiiiiinnns dense body without
cracking

The following is a chemical analysis of a sample from the
upper four feet of the bed.

Moisture at 100° C....oivviitiininninernrennennenns 1.94
Loss on ignition, water..................c.vls. P 8.95
Silica, Si0; c.vverviir ittt i i 60.44
Aluming, ALO; ....oviii ittt ittt it 25.75
Iron oxide, Fe05 cvvviieivniiineeniineseninneenennnns 1.27
Time, Ca0 ...viviiiiiiiiiiiiiiniiiier e rananaaens 0.00 -
Magnesia, MgO....ovvitriiiiennennesertonensanaanns .04
80da, Na,0 vivvriniiiiiiiiiiieiienrniiensnaneennnns 14
T T O 43
Titanium dioxide, TiO; .v.ovvviivirrannennen e 1.14
Phosphorus pentoxide, POs .o vvvvveevniiiiit, 14
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Fluxing impurities .......coveeeiiniieisninnecainenns 1.88
Sandy impurities ...ttt e 30.73
Clay substance .....oeviuuiienininneninroneenannanens 69.27

This clay alone or mixed with other clays should be suit-
able for fire brick and other refractory products. It might
be used in the manufacture of buff or cream colored build-
ing brick and in stoneware mixtures, but is unsuitable, alone,
for stoneware on account of its high vitrifying point.

SevextEEN MiLe-Post, GeEorcra Raitroap.—There are 4 to
5 feet of white, plastic clay, exposed in a ravine to the north
of the railroad, at this point, overlain by unconsolidated, peb-
bly sand. Some effort has been made by prospectors to
trace the bed westward, but without success. It would seem
that the clay is merely a small lens, and does not occur in
large quantity. The following tests are given by Ladd!:

Tensile strength 25 pounds per square inch; fusing point
between Seger cones 35 and 36.

Ramroap Cur East or Groverown.—In a railroad cut
about a mile east of the station at Grovetown, 5 feet of stained
kaolin is exposed. The clay is mottled purplish and white,
and this staining would detract from its value for high grade
clay wares. The clay, however, might be used as a fire clay.
The bed seems to be lens shaped, and it is doubtful whether
it is of large extent.

Campania.—A¢ this place is located the plant of the Geor-
gia Vitrified Brick and Clay Company. This company manu-
factures vitrified brick, sewer pipe and fire brick. The clay
used is a mixutre of Tertiary plastic clays found at the plant
and decomposed schist from Belair. A hard fire clay of the
Cretaceous has been used in the manufacture of fire brick.
It will be found that some of the clays here differ consider-
ably from those heretofore described, since they belong to the
Tertiary formation. While this part of the report is deal-

1. Ga. Geol. Surv., Bull,, 6—A, p. 165.
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ing primarily with the Cretaceous fire clay and kaolins, the
clays of the two systems are so closely associated at this
place that it is thought best to describe the Campania deposit
" here. '

The following is the succession of beds exposed in the
pit to the west of the plant:

1 Yellow pebbly sand, overburdem .................... 8 feet
2 7Yellow and white variegated elay .................... 5 ¢
3 White sandy clay .......cociiiiiiiiiiiiiiiii i, 7
4 Black, carbonaceous, jointed clay .................... 4

These clays differ from the Tuscaloosa white clays, in
" that they are laminated and not massive bedded, and in that
they show frequently a high percentage of organic matter,
and are less refractory.

In a pit about 100 yards northeast of the plant, 12 feet
of Cretaceous fire clay is exposed. The upper 4 feet is a
white flint clay containing coarse angular particles of quartz;
while the lower 4 feet is softer and more iron stained. The
clay is similar to that at Grovetown and O’Connor Hill. A
sample tested in a Deville furnace was not melted at cone 30
and did not even show complete vitrification at this tempera-
ture. When used alone it shows a tendency to crack badly in
burning. This defect is common to most of the white clays of
the Fall Line belt, and can be overcome by calcining or by
mixing in sand or other non-plastic material.

HarLem.—The following interesting exposure of clay and
sand may be seen at Phillips Falls, 172 miles southwest of
Harlem:

1 Red Tertiary sand .........cvieivrininnrnnennenens 104 feet
2 Blue to gray thin bedded clay-shale................. 20 to 30 ¢
3 Interstratified sand and elay............c..oiiiint, 3 ¢
4 Massive gray to bluish-gray, hard elay.............. 10 ‘“
5 BSand containing large chunks of kaolin and dissemi-

nated kaolin ..........ciiiriieiiirinncnennncnas 104+ ¢

Beds, No. 2 and 3, are in the same geological position as
the fuller’s earth deposit at Grovetown. No. 4 will be found
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highly refractory and is the top of the Cretaceous beds and
is in the same geological position as the hard fire clay beds
described at Grovetown and in Richmond county.

McDUFFIE COUNTY

The southern portion of this county, or that part lying
south of the Georgia Railroad, is within the province of the
Coastal Plain. The geology of the county is similar to that
of other counties lying along the Fall Line in the eastern
part of the State. The surface is covered by a thin mantle
of gray or brown loose sand, which is underlain by the red
sand and light colored clays of the Tertiary. Beneath the
Tertiary, wherever erosion has been active, is exposed the
coarse kaolin sand of the Tuscaloosa, and in places the
streams have frequently cut through or entirely removed the
sediments, and exposed the crystalline or igneous rocks.

TaoMsoN.—On the Shields property, one mile east of the
station at Thomson, there is a bed of white, sandy fire clay,
reported to be 10 feet in thickness. Some attempt was made
by local capitalists to develop this property with the inten-
tion of manufacturing ornamental building brick, and some of
the clay was burned in a small test kiln at Grovetown with
good results. There is no reason why this and numerous
other deposits of white and stained clays could not be used
for ornamental building brick when intelligently handled.
Whether market conditions and manufacturing facilities
justify the establishment of plants are points for the investor
himself to determine.

BrinkLEY PranTation.—On the plantation of Ira Brink-
ley, 3 miles southwest of Dearing, 16 feet of stained kaolin
is reported to have been found in a well. The clay is white
with pink or purplish stains of iron oxide, soft, and some
quite free from sandy impurities. Nothing is known as to
the areal extent of the bed, and no natural exposures were
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found. The following are physical and chemical tests made
on a sample of this clay:

Physical Tests on Brinkley Clay

ColoT vttt i e i e white to pink
HArdness .o.vvvvvereurinerunnnnenennanss soft, friable
TOXEUTE «vvvivneriiinreeniieennnnnnenns fine grained
Plastieity ........cooiiiiiiiiiii.. good
Tensile strength ........................ very low
Air shrinkage ......... ... ... ..ol 4.1%
Cone 4—
Fire shrinkage ..............cciinii. .. 6.5%
(6723 1 S U white
Cone 8—
Fire shrinkage ............cciiiiinnnnnnn 10.7%
Color .ot i et cream
Hardness ....coeviviiinerniennnneenennnns steel hard
Cone 13—
Fire-shrinkage ........ccoiviiiiinnnnnnnn. 111%
L5 11 eream to buff
Condition ........vivviiiiiniiiiannnnnnns cracked
Refractoriness .........coiieeiieninnennnnns unfused at cone 30

Chemical Analysis of Brinkley Clay

Moisture at 100° C......oviiii it .60
Loss on ignition, water................oo i i, 12.15
Siliea, Si0; oo e 49.21
Alumina, ALO; ....oiiiiiii i i e 35.07
Iron oxide, Fe:O5 v v it iiiienenenaans 1.53
Lime, CaO ....ciiiiiiiii it it it in 0.00
Magnesia, MgO ... ..ot i i 0.00
B0da, Na,0O vttt ittt ittitteeesssneeeennns .04
Potash, KiO ...iviiiiiiiiiiii ittt iiieneianns .30
Titanium dioxide, TiO; ......ccvvviiiiiiiiiiiiiiainn 1.61

Total «verrviiii it i it 100.51
Fluxing impurities .......ccoiiieiiiiiiniiiii i, 1.87

Rational analysis:

Feldspar.......c.vvuun 0

Quarg 8.90 } SANA. e e 9.54

Clay substance. ......coviveiiiiiiiiiiiiennreeniinaes 90.46
b 7 N 100.00

The bed as a whole would probably burn to too dark a
color to be of value as a pottery kaolin, and its slightly pink
color and staining in the raw state makes it rather unfavor-
able for paper filling. It may be possible to select the purer
parts of the bed, and the clay could be greatly improved by
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washing. The clay might be used in refractory clay products.
The above tests may be taken in a measure to indicate the
nature of other stained clay deposits occurring in the
county.

Orner Locaurties.—Three miles west of Dearing, on the
Milledgeville public road, at a point known Ilocally as
“‘Chalk’’ hill, a bed of soft, plastic, white clay was noted.
The clay is apparently good in quality, and about 6 feet is
exposed. Nothing is known as to the extent of the bed, but
the overburden is not excessive, and the quantity of clay
could be easily determined by auger boring at points along
the hill side, at about the level of the outerop in the road.

About one half mile west of the above locality, 30 feet
of ‘‘chalk’’ or white clay was reported as having been found
in a well on the property of C. C. Ansley. The clay thrown
from the well was, for the most part, white and contained
only a small percentage of sand. The bed was found 30 feet
from the surface, and if it is of large extent, areally can prob-
ably be found along the hillside to the west of the well or at
other points nearby, which are approximately 30 feet lower
than the surface at the well.

Throughout the southeastern part of the county, along
Boggy Gut, Headstall and Brier creeks, there are numerous
exposures of white clay in Cretaceous strata. Both hard or
flint and soft clays are found, and will generally be found
to have high refractoriness; but the iron staining which is
present, precludes their use as china clays or paper clays. On
the T. J. Connell property, and the J. F. Whitaker property,
414 miles south of Harlem, a bed of indurated white clay
was noted. This clay is quarried and used locally for chim-
neys and foundations, and is similar in appearance to that
in Wilkinson county previously described on the Carswell
and Miller properties. The clay in this part of McDufle
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county is at present so far removed from transportation lines
that it is of little value.

"Good exposures of Cretaceous strata and some thin clay
beds may be seen in the cuts of the (feorgia Railroad near
Boneville and Dearing. No clays likely to be of commercial
importance were noted, and the cuts are only of interest from
the purely geological standpoint.

A gample of soft, iron-stained clay from the T. J. Con-
nell property, 414 miles south of Harlem, showed the follow-
ing physical properties:

Color it e e, white with iron oxide splotches
Hardpess ..ooveinrinrneeeennnenannnnnnnn soft, friable
Plasticity .......coviiiiiiiiiiinn.., good
Tensile strength ...................... 20 Ibs. per sq. in.
Air shrinkage ...........ccoininn. 5.8%

Cone 5—
Fire shrinkage .............c.ceiinn, 5.4%
Color ... i pink or lavender
Condition ...............c.coiiinnn, steel hard

Cone 8—
Fire shrinkage ............c..c0oott. 10.2%
ColoT tvri it i s buft

The clay is too impure to be of any value for white ware
pottery.

WARREN COUNTY

There are some Cretaceous beds underlying the southern
part of this county, but with the possible exception of a small
area in the extreme southeastern part of the county, they are
very thin, and no kaolins or fire clays of importance are known
to occur.

HANCOCK COUNTY

The greater part of this county was probably originally
covered by the Coastal Plain sediments, but they have been
almost entirely removed by erosion, and only areas in the
southern and western part of the county remain. There are
no clay industries in the county, and the only important clay
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deposit known, is at Carr’s Station on the Georgia Railroad.

Carr’s Starion.—In a deep cut of the Georgia Railroad at
this place, there is one of the most interesting and instrue-
tive exposures of Cretaceous strata to be seen along the Fall
Line. The cut in the deepest place is 50 feet deep, and the
full thickness of the Cretaceous deposition at this point may
be observed. The kaolinic and arkose sands rest upon decom-
‘posed crystalline rocks and are overlain by a thin maptle of
loose, brown sand of Pleistocene age. The small lens shaped
beds of kaolin so peculiar to the Tuscaloosa strata are
exposed entire, imbedded in a mass of kaolinic sand; that
is, the whole vertical and horizontal extent of a clay bed
may be seen.

There is a small clay pit here, and a small amount of fire
" clay has been mined and shipped to various points in the State.
About 8 feet of clay is exposed in the pit, and the bed is per-
haps some thicker. It is overlain by loose, red sand, 4 to 15
feet in thickness. The clay is jointed, and there is some iron
oxide staining along the joints which has been deposited by
waters which have filtered through the overlying red sands,
and have carried iron oxide particles in suspension. The
clay is a drab or gray color when moist, becoming white when
dry. It is very free from quartz sand, but contains a large
percentage of minute muscovite flakes. This individual bed
is not of large extent areally, and is seen to grade into a
micaceous, kaolinic sand about 100 feet west of the pit.

The following very interesting geological section occurs on
the north side of the first cut west from the railway station.
The different beds here are not continuous or persistent in

texture and structure, and a section 100 feet distant from the
one given, might be quite different.

Feet
1 Red to brown sand, with white clay pellets and thin clay layers 5
2 Red to brown, crossbedded sand............. ... .ol 10
3 Breccia of white clay and partly cemented red sand........... 4
4 Kaolin bed .. ..ot ittt i 6
5 Fine, white, kaolinie sand.......... ... il 10
6 Augular, quartz gravel and arkose ................... PP 5
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The kaolin bed, No. 4, has been eroded subsequent to its
deposition, and the white clay of the overlying breccia was
probably in part derived from it. The bed shows variations
in thickness, and is seen to grade into and to be entirely
replaced by the kaolinic sand underlying. This clay bed does
not appear on the south side of the cut a few feet opposite,
proving the inconstancy of Tuscaloosa deposition. The sand
of No.s5 is composed mainly of quartz and muscovite mica,
with a high percentage of kaolin disseminated through the -
mass. There is very little staining from iron oxide, and the
whole could be washed for the kaolin. The upper 20 feet con-
sists of fine sand with clay pellets or fragments, and is colored
brown or red by iron oxide. The clay in the second cut is
generally very sandy, but pockets of clay may be found as
pure as that in the first cut. At the ends of the cut, the red
and white sands grade imperceptibly into each other. A
rough estimate of the amount of kaolin, in beds and dissemin-

“ated in the lower 30 feet in the cut, is 40 per cent. The
greater part of the sand could be separated by washing, but
some muscovite and sericitic mica, being in such minute flakes,
would float off with the clay. This mica will exért some flux-
ing action, but will not affect the burned color of the clay.

A sample of clay was selected from the first cut and rep-
resented as near as was possible, the average of the bed.
The following is a chemical analysis of the unwashed clay:

Moisture at 100° C....covviiiiiii ittt ieas 0.58
Loss on ignition, water...............cooiiiiiiiil 12.24
Silica, Si0; ... .ottt i et it i i e 44.76
Alumina, ALO; . ..ovot ittt i 39.34
Tron oxide, FesO5 o vvvvenerinnncriiiiiiiiin e 1.11
Lime, Cal ..ottt .08
Magnesia, MgO ....uvniuiiniiiiin i veiaaann .07
Manganese oxide, MnO...........cooiiiiii i, trace
Soda, Na,O . .ovnrieiiiiiie it it iiin e 42
Potash, K,O ..ooivintiiiiiiiniiiiiiiiinaneinennn 71

Titanium dioxide, TiO,
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Rational analysis:

Sand and mica...... vttt 11.77
Clay substance .......cevveeeneinireecsronnacceerannns 89.23

The clay was very plastic, and required 31 per cent. of
water for mixing. The air shrinkage was 6.3 per cent.; the
tensile strength, low, not exceeding 12 pounds per square inch.
The clay is soft and very fine grained; 81.6 per cent. passed
a 150 mesh sieve, and 70 per cent. passed a 200 mesh sieve.

Its slaking properties are good, but it does not remain in
suspension as readily as some other kaolins tested. The
sandy impurities as determined under the microscope, con-
sist of muscovite mica, quartz, partly decomposed feldspar,
and minute particles of black minerals probably, hornblende
or pyroxene, biotite and ilmenite.

Burning Tests

Cone Fire-Shrinkage Color
4 6.3% white
12 13.1% faint eream

The clay burns steel hard at cone 4, with but little check-
ing. Its fusing point is cone 33. This clay gives some
promise of being suitable for white ware pottery and for
paper filling, though to be successful for these purposes, a
washing plant would have to be installed. The property is
advantageously located with reference to transportation fac-
ilities, and water for power and washing purposes can be
secured nearby. ‘

BIBB COUNTY

This county, though located in the center of the white clay
belt, and having valuable clays both to the east and west of
it, does not itself contain any known deposits of kaolin or
fire clay of much commercial importance. Only the southern
half of the county is underlain by Coastal Plain sediments,
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and it is only in this part of the county that valuable white
clay deposits are to be expected.

~ In the cuts of the railroads, going east from Macon, good
exposures of white clayey sands may be seen, but the amount
of clay is small and, though in populous communities less
favored with clay resources they would likely be utilized, they
are of no value here on account of the enormous quantity of
pure clay at Dry Branch and other localities.

A typical occurrence of these clayey sands may be seen in
the cut of the abandoned Macon and Augusta Railroad, 3
miles east of Macon.

At a point on the Lower river public road, 5 miles below
Macon, 6 feet of white clay is exposed in a cut. It is over-
lain by a red sand containing thin clay layers and fragments

-of white clay, and is underlain by white micaceous sand.
This clay will be found highly refractory, but it is doubtful
whether the bed is of large extent, or that the clay occurs
in any great quantity.

At Brown Mountain in the southern part of the county, 9
miles from Macon, 110 feet of white, clayey sand is exposed
at the base of the hill. This sand is Cretaceous, (Tuscaloosa)
and contains thin layers and fragments or pellets of white,
pure clay, but no thick beds of kaolin have been found.
About two miles south of this point on the Tharpe estate,
white clay has been found at the base of a fuller’s earth
deposit, but as far as the writer knows, no effort has been
made to determine its quantity. A small sample tested in
the laboratory showed good plasticity, and air-dried strength
of 82 pounds per square inch; air shrinkage, 8 per cent.; it
burned white at cones 4 and 9; and to dense bodies without
cracking. It shows valuable properties and is worth further
investigation.

In the western part of the county, along Echaconne Creek,
beds of white clay will be found in the Cretaceous sands. But
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little or no prospecting for clay has been done in this part of
the county, and but little is known, concerning these deposits.
Judging from the few observations made during field work,
the beds are likely to be thin, and stained with iron oxide.

Macon, the largest city of Central Georgia, is located in
this county. The clay industry at this place is confined to the
manufacture of common building brick and sewer pipe, and
only the alluvial clays of the Ocmulgee River are used. With
its excellent transportation facilities and the abundance of
white clays in the adjoining counties of Twiggs, Jones and
Houston, this city should become a center for the manufacture
of white ware, sanitary ware, electrical porcelain, ete., and
fire clay products. The fact that such industries have not
already been established, seems to be due to a general skept-
icism among local capitalists, concerning the possibilities of
the clays for such purposes, and lack of knowledge concern-
ing the extent and quality of the clays by outside investors.

HOUSTON COUNTY

Heretofore the descriptions of the Cretaceous clays have
been ‘confined to the counties lying east of the Ocmulgee
River, or to the eastern belt of the Cretaceous and the Fall
Line white clays. The clays in the eastern belt were con-
fined to Lower Cretaceous or Tuscaloosa strata. In the
western belt of the Cretaceous, the geology of the clays is dif-
ferent and pockets of white clay are found in a great thick-
ness of Upper Cretaceous colored sands lying above the Tus-
caloosa. The Tuscaloosa maintains in a general way, the
character of the eastern belt, but the clays that it contains
will upon the whole, be found less extensive and less pure
than in the eastern belt, though there may be exceptions to
this in a few localities. The semi-hard and flint fire clays
so common between Macon and Augusta, are rarely observed
west of the Ocmulgee.
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In Houston county notable deposits of white clays were
observed in the vicinity of Perry, Fort Valley and Byron.
‘With the exception of clay mining at Perry, there are no clay
industries in the county, and the clay deposits are undevel-
oped. ’

Perrv.—A deposit of kaolin occurs on the Yancey prop-
erty, on Bay Creek, 2 miles northwest of Perry. This clay
was described by the writer in Bulletin 315 of the United
States (Geological Survey, but since the above description was
written, a small mine has been opened up, and the property
to some extent developed. Before the pit was opened up,
the property was prospected, and white clay was found at a
number of points over an area of 500 acres, and the prob-
ability of both quantity and quality, seemed fairly assured.
Since opening up a pit, excellent clay has been found, though
the staining by iron oxide has been more considerable than
was anticipated. It is likely, however, that the clay will be
found purer as the bed is worked back into the hill. The clay
bed at the point mined, has shown a maximum thickness of
18 feet. The clay is soft, massive bedded and jointed, though
the jointing is not as extensive as in the Dry Branch region,
and slickensided surfaces along the joint planes were not
observed. The bed upon the whole is very free from sandy
impurities, but it may grade into or be replaced by sand, and
may be split by sand layers. At the top of the bed where it
lies in contact with the overlying ferruginous sands, staining
is observed to penetrate the clay, but at the middle and bot-
tom of the bed, it is confined to the joints. As a result of the
staining, it is necessary to carefully cull or cut out the impure
parts. . '

The overburden consists of very fine, variegated, quartz
and micaceous sands, which will show a maximum thickness
of about 80 feet. The whole is unconsolidated, and could be
easily moved by a steam shovel. The slope of the ridge to

e
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Bay Creek is steep, and the overburden increases in thick-
ness very rapidly.

The property is accessible to the Central of Georgia Rail-
road and water for power or washing purposes, can be
obtained from Bay Creek.

Physical Tests on Kaolin from Perry

The following tests were made upon a sample of the purest

clay from this locality. The sample, however, was unwashed
and had received no mechanical treatment.

Color ...viiii e e white to cream
Hardnmess .........ccoiiuiiiiiiiieennnnn, soft, friable
Slaking ...oooviiiiiiiiiiii i i e good
Plasticity ........................ . .. Very good
Tensile strength ......................... 15 1bs. per sq. in.
Air shrinkage ............. ... ... ..., 4.9%

Cone 5—
Fire shrinkage ..............coiivvinn... 6.8%
Color v e white
Condition ............ ...ttty checked

Cone 9—
Fire shrinkage ................c.ccii.e.. 11.8%
ColoT ovvii i e faint cream
Condition ............. ... il cracked

Cone 12—
Fire shrinkage ............ ... ..ol 13%
Color oot ecream

Cone 16— :
ColoT vttt bluish gray
Condition ..........coiviiiiiiiiiiin, cracked badly
Fusing point ............ .. ..o it above cone 33

The following is a chemical analysis of this clay:

Moisture at 100° C....ovvviiiiiiii it 1.47
Loss on ignition, water................ ... .oii... 13.58
Silica, S10; «vuiiiiiii i e 44.86
Aluming, ALG; ... ittt i i it i i e 37.34
Iron oxide, Fe,0; . oooiiiin ittt i i e i .56
Lime, CaO ... i it iieenn trace
Magnesia, MgO ... ...ciiiiiiiiii it .05
Soda, NaO oottt edi it .04
Potash, KpO ..ottt ittt iiiiie s .22
Titapium dioxide, TiO; .....vvvviiiiiiiiiiiiie, 1.66
Total oot e i s 99.78
Rational analysis:
"Feldspar.............. 1.612
Quarty,. LI 328 | Sande.... 1.94
Clay substance ...........ciiiiiiieiiiiiniinnnninn, 98.06
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The above analysis shows a very pure clay, and the per-
centage of iron oxide is small. The clay gives promise of
being suitable for white ware pottery, though no tests on a
commercial scale have been made. A mixture made in the
laboratory by the writer, consisting of :

Perry kaolin (unwashed)............iveiiiiiinniann, 40%,
Dry Branch (bonding elay).....cvviniiiuinceriannnn. 20%
SPar ..vviiiiiiie e reeceavrecteaiesseriiaan 20%
FHDDL oot iit ittt ittt itiateeeedonssssannamsonssanns 20%

gave good results when burned at cone 9. The raw mixture
had good plasticity and high tensile strength; burned, it gave
a white color, and dense body without checking. It is not
presumed that the above mixture would be successful in
practice, it might or might not be; the object was to ascertain
the properties of this clay when burned in a mixture with
potters fiint and spar.

The clay slakes readily in water, but does not fall into
a finely divided condition, but rather into small angular
lumps. In this respect it is somewhat inferior to the Dry
Branch and Hephzibah clays.

In point of refractoriness, it is a No. 1 fire clay, having a
fusing point above cone 33, 3,254° F.

A pocket of white clay was noted on the Macon road, 5°
miles northeast of Perry. The clay is exposed in a gully
along the public road near the crossing of Mossy Creek. The
deposit, owing to its inacessibility, is of no value at present,
but is instructive in showing the geological occurrence of the
white clays of the Upper Cretaceous (?). The deposit is lens
shaped or cigar shaped, having a maximum thickness in the
center, and tapering at each end; the full extent of the bed
can be observed. The bed is about 100 feet in length, and
has a maximum thickness of 8 feet and is overlain and under-
lain by red sand. Doubtless numerous other outcrops of
white clay may be found eastward from Perry.
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Forr VaLLev.—A clay deposit, located about 114 miles
south of this place, on the Perry branch of the Central of
Georgia Railroad, was examined, and sampled during field
work. The clay is exposed in gullies on both sides of the
track, and shows thicknesses of 5 to 13 feet. It is a drab or
bluish gray in color, and is often fantastically mottled red,
vellow and white; it also varies in texture, becoming in places
quite sandy. ‘The deposit is undeveloped, and as far as the
writer is aware, no prospecting has been done to determine
the extent of the bed.

The following are physical tests made on a sample of this

clay:

Color (dAry) .....oviiiiiii it cream
Hardness ........coiiiiiiiiiiiiiinnennn. soft, friable
Slaking ......ovniiiiiiii i e good
Plasticity ........ooiiiiii i, very plastie
Tensile strength ........ i 32 1bs. per sq. in.
Air shrinkage ............... .. ...t 7.5%

Cone 4—
Fire shrinkage .................coovenn 5.9%
Color v veii e cream

Cone 6—
Fire shrinkage ............ ... oo v, 7.4%
Color v e e e cream
Hardness ........ccovviiiiniiiniienanens steel hard

Cone 13—
Fire shrinkage ............ ... ..ot 77%
(072 1 Y buff
Fusing point ............ ... it cone 33

The following is a chemical analysis of this clay:

Moisture at 100° C.......oiiii ittt iieaas 1.03
Loss on ignition, water.............. .o, 11.03
Silica, Bi0; .. vviii i i i e, 52.17
Alumina, ALOg ... oviitiii ittt i i e i it 31.32
Ferric oxide, Fe,05 ... oviiiiinniiin it 1.85
Manganous oxide, MnO........... ..o, trace
Lime, Ca0 ...t i e trace
Magnesia, MgO ...... ..ottt J4
Sodium oxide, Na,O ...ttt 24
Potassium oxide, K,O ........coiiiiiiiiiiiiiiinnn., .24
Titanium dioxide, TiO, .......ccooivviiia i, 1.58
Sulphur, S... ... i 01

Total ..ot e e 99.61

Quartz................ 15.55

Petdagar, a6 | Sand. 17.11

Clay substance ..........cooiiviiniiiiiiiniin i, 82.89
b3 1 100.00
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- It is hardly to be expected that the clay will be suitable
for the higher grades of clay wares or as a paper filler, its
dark color when burned, and high percentage of sand are
objectionable. With its good plasticity, high refractoriness
and fair bonding power, it should be suitable for a great
variety of clay produects, as fire brick, terra cotta, stoneware,
ete.

It will be noted that its air shrinkage is greater and its
fire shrinkage less than in the kaolins. Also very little or
no cracking took place during the burning.

East of Fort Valley, and in the vicinity of Powersville, a
number of deposits of clay were observed in the red sands.
It is probable that most of these clays will be found to have
similar properties to the clay just deseribed, and the tests
given above, will apply in a general way to them.

Byron.—In a cut of the Central of Georgia Railroad, 2
miles north of Byron, an excellent exposure of Cretaceous
sands and clays may be seen. The cut is 10 to 40 feet deep
‘and a half mile long. On the whole the occurrence of the
clay is quite similar to that at Griswoldville in Jones county.
Two clay beds occur which vary in thickness from 0 to 10
feet, and are overlain by 20 to 30 feet of loose sand. The
beds are lens-shaped, and one bed is seen to thin out entirely
and to be replaced by sand. The beds suffered erosion prior
to the deposition of the overlying sand, and at one point a clay
bed has been entirely cut through and removed, and the space
filled by the overlying red sand. The following geological
section was made about midway in the cut, and is of the strata
on the east side of the cut:

Feet
1 Red, crossbedded sand, containing some thin layers,
overburden ............ . ittt i 20
2 Blue, plastic, micaceous elay.......... oot 10
3 Gray, crosshedded, clayey sand............cciiienn... 10
4 Hard, white, sandy elay..........cooviiiiiiiin... 4

Bed No. 4 dips beneath the level of the cut, and its full
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thickness is not seen. Clay bed No. 2 is darker in color than
the lower bed, and has occasionally thin sand partings. The
sand, No. 3, may increase in thickness to 20 feet. The quan-
tity of clay as far as the writer knows has not been deter-
mined by pfospecting, but judging from the exposures in the
cut, and assuming that the beds have considerable lateral
extent east and west of the cut, the quantity will be sufficient
for any commercial purposes for which the clays are adapted.
Since the property is so accessible to transportation, this
place should be a good locality for clay mining.

Samples were selected by the writer from beds No. 2 and
No. 4, and tested in the laboratory of the Survey.

Physical Tests on Byron Clay, Bed No. 2

This is a bluish or drab -colored clay, when moist, becom-
ing white or almost white when dry; it is soft and friable.
When mixed with 40 per cent. of water, it is very plastic, a
plasticity perhaps best described by the term sticky, and can
be moulded into intricate shapes without showing fractures.

It is extremely fine grained, 98 per cent. of the crude clay
passing a 200 mesh sieve, and contains a comparatively small
per cent. of sandy impurities which consist chiefly of glisten-
ing or silvery scales of muscovite mica. The residue retained
on the 200 mesh sieve, was examined under the microscope and
found to consist almost entirely of muscovite mica, a few
grains of quartz, and only a very small percentage of clay.
Its slaking properties are good. The average tensile strength
was low; the maximum was 20 pounds out of eight briquettes
tested.

Burning Tests

Cone Fire-Shrinkage. Color Condition
1 7.3% dull white soft
4 7.5% dull white steel hard
8 12.1% eream color slight checking

1 12.4% cream color slight checking
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The clay was burned in a Deville furnace to cone 30, with- ‘
out being fused, and its fusing point will doubtless be found
to lie above cone 33, 3,254°F'.

It will be observed that the clay has a higher fire shrink-
age at cones 1 and 4 than most of the soft kaolins tested,
and it seems to burn to a denser body at lower temperatures.

Physical Tests on Clay from bed No. 4, Byron

This clay is white and lighter in color than the above, and
contains a large percentage of sandy impurities, though parts
of the bed will be found very free from sand. It has good
plasticity and slaking properties, though slightly indurated.
- Its tensile strength was 20 pounds per square inch; the aver-

age air shrinkage was 5.4 per cent. In the sieve test, 70 per
- cent. passed a 150 mesh sieve. The sand retained on the sieve
consisted principally of quartz and muscovite mica and some
ferruginous minerals.

Burning Tests

Cone Fire-Shrinkage Color Condition
5 3% dull white soft
8 7.2% cream dense body
13 7.7% , dark eream dense body

- The low fire shrinkage is due to the high percentage of
sand, as otherwise the clay is quite pure and a high shrink-
age would be expected. This clay burned without checking or
cracking, which may also be accounted for by the sand. The
“dark ecolor to which it burns is due evidently to ferruginous
sandy particles, as the washed product and some small pieces
in the natural state burn white.
The clay is highly refractory, and should be suitable for
fire clay products.
Bowarre.—Bonaire is located on the Georgia Southern and
Florida Railroad in the eastern part of Houston county, and
is about 23 miles south of Macon. A deposit of white clay
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lying about 4 miles southeast of this place, on the property
of Chas. Thompson, has attracted some attention on account
of the conspicuousness of the outcrop. The clay is exposed
at the base of a steep bluff, bordering the Ocmulgee River
swamp, and the bed is laid bare by the water flowing from a
rather bold spring above it. The following is a vertical sec-
tion of the bluff:

Feet
1 Loose, brown 8and........vvieiuuniiinnnnreininenaones 6
2 Thin,drabeclay layer...... ... i, 3
3 Redsand ...ovevininnninii ittt ittt 4
4 White stained clay ................ ... P U 4
5 Whitesand .......oiiii i e 15
6 White, stained elay.....coovriuriiiiiiiiiinnnieaans 10+

The clay bed, No. 6, is semi-hard, bluish-white, with pur-
plish and yellow stains of iron oxide, which seem to permeate
the mass of the clay and are not merely surface stains.
Doubtless a greater thickness than is shown above, will be
found; the lateral extent of the bed has not been determined,
but no natural exposures of it were seen either to the north
or to the south of the outerop at the spring. It is believed
the strata here belong to the Upper Cretaceous sands, a
characteristic of which is lens-shaped beds of clay, rather
restricted in area. The clay is at present too far removed
from transportation lines, to be of much commercial value,
even were it proved to be of exceptional quality.

The following is a chemical analysis of a sample selected
by the writer; it is representative only of that part of the
bed, which is exposed naturally:

Moisture at 100° C. ...ttt 0.49
Loss on ignition, water............... .. ... oLl 13.59
Siliea, S10s ..ttt e e 45.42
Alumina, ALO; ... ..ot e 38.10
Ferric oxide, Fe.O5 ... vvviiin i 1.41
Lime, Ca0 ...vviriiiiie i i e e none
Magnesia, MgO ... ..ottt trace
Soda, Na,0 ..ot it trace
Potash, KO oottt ittt iiiie s 0.10
Titanium dioxide, TiO; ...vvviin ittt 1.10
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Rational analysis:

S ‘g5 ¢ Sand.......ell 2.20
Clay substance .....c..ooiiiiriiiiiiiiiinnenniinnenn 97.80
T 17 ) 100.00

The analysis shows a higher percentage of iron oxide than
is found in the pure kaolins in Twiggs county and other local-
ities, but the clay is otherwise very similar in chemical com-
position.. The clay is a eream color when dry and pulverized;
and has good plasticity; its air shrinkage was 6.5 per cent.
tensile strength very low not exceeding 12 pounds per square
inch; slaking properties good.

Burning Tests

Cone Fire-Shrinkage Color
4 9.6% dull white to eream
10 18.0% bluish-gray

Judging from the above tests, it is a high grade fire clay
but not a kaolin, suitable for white ware pottery. The fire
shrinkage is excessive; it checks or cracks badly in burning.
With the disadvantage of location overcome, it should be valu-
able for fire clay, terra cotta and stoneware mixtures and
other uses to which refractory clays are put.

Throughout Houston county there are perhaps many
deposits, not mentioned in this report, which it was not pos-
sible nor necessary to examine, since facts concerning them
may be 'Iargely inferred from the descriptions given of the
above localities.

CRAWFORD COUNTY

Crawford is one of the Fall Line counties, and the south-
ern half of the county is underlain by Cretaceous strata.
There are a number of localities in this county very interest-
‘ing from a geological view-point, and some of its white clay
deposits may be of future economic importance. There is a
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small pottery industry in the county, the ware made, being
common earthernware, consisting of jugs, jars, crocks,
churns, etec., which are nearly all sold locally.

Ricam Hur Locaurry.—Rich Hill is 5 miles southeast of
Roberta, the nearest railroad station, and is the most interest-
ing locality in the county. The hill is about 150 feet high,
and is deeply trenched by gullies, both on the north and
south sides, which have laid bare the strata composing the
hill. At the base of the hill are exposed the white, cross-
bedded, kaolinic sands of the Tuscaloosa, and above are beds
of “‘rotten’’ and compact limestone, and impure clay-shale,

while the hill is capped by a brilliant red, case-hardened sand.
The following geological section made along the south slope

of the hill, may be of some economic value in showing the
position of the white clay, and the nature of the overlying
beds.

Feet
1 Brilliant red sand, covering the upper slope............... 30
2 Purplish and yellow sand, with very thin clay partings... 12
3 Greenish, clay-shale, with thin, lignitie layers............ 4

4 Sticky, calecareous clay...........ccoiiiiiiiiiiiiiniin. %
5 Drab, clay-shale, jointed, containing sand partings........ 6
6 TFossiliferous, calcareous layer, nodular.................. 1
7 Drab, soft, clay-shale, full of fossils..................... 12
8 LimeStONe ......e.uviiiinniiniernineesionnnmnnerisanans 20
9 Brown and yellow, finesand.........coovviviiiiennnn.., 12
10 White, micaceous elay; maximum....................... 10
11 White, crossbedded, clayey sand........................ 10
12 White, micaceous elay..........cooiiviiiiiiiiiiiniinnn, 3

13 Coarse, white sand..... et et e et 104+

The clay layers, 10 and 12, show variations in thickness
and texture, and in places show great purity.

In a gully on the north slope of the hill, a thickness of
10 to 12 feet of white clay of fair quality was observed; but
it is seen to grade into a micaceous and very sandy clay. The
white clay at Rich Hill is both hard and soft, and doubtless
greater thicknesses than are here mentioned may be found.
The following are some tests made upon a soft, white clay
from this locality. Tests on samples from other beds or
localities in the hill, may show different results.
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Physical Tests on a White Clay from Rich Hill

The clay is soft, and white to cream colored; it shows
a large percentage of muscovite mica and some quartz sand,
together with minute black specks of some ferruginous min-
eral or minerals. Its slaking properties and plasticity were
good; tensile strength low, 16 pounds per square inch. Its
air shrinkage was 8 per cent.

Burning Tests

Cone Fire-Shrinkage Color
3 2.29% white with black specks
7 5.8% £¢ (11 (X4 (¥4

The clay was completely fused at cone 36.

From information, based upon field and laboratory work,
the white clay at Rich Hill is a high grade fire clay, and some
of it gives promise of being suitable for the purposes of

kaolins, but its inaccessibility is a serious disadvantage, and
mining would be difficult on account of the great thickness

and nature of the overburden.

Porrery InpustRYy.—In the eastern part of the county, a
number of white clay beds were observed, but the beds are
thin and the clay usually in small quantity. At Williams
Mill, 6 miles east of Roberta, 4 feet of white, sandy clay is
seen. This clay is used by the small jug factories in this
vicinity. The jug industry in this county is unique. The
potteries or ‘‘jug factories’’ as they are called, are all located
in the interior of the county, removed from transportation,
and the industry is carried on in a primitive way by farmers
who are still using the methods their fathers used 50 years
ago. The ware, which consists chiefly of jugs, is made from
a mixture of ‘‘chalk’’ or white clay and swamp mud, which
-may be obtained along any of the streams in this part of the
county. The glaze is a mixture of lime and swamp mud, or -
lime, swamp mud and stream sand, and may be colored by a
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ground, siliceous limonite which occurs abundantly in this
part of the county.

In some instances, the potter burns his own lime, using
the soft limestone at Rich Hill for this purpose. The ware is
burned in low, dome shaped or rectangular ovens, which have
a capacity of 300 to 500 gallons. The jugs are mostly hauled
to Macon in wagons, a distance of 20 to 25 miles, and are
used in the whiskey trade.

In 1906 there were 12 potteries in the eastern part of the
county, and their total output was about 160,000 gallons. The
figures are only an estimate as the potters keep no records
and trust entirely to memory.

ZeNitH.—Zenith is located on the Southern Railroad, 7
miles northwest of Fort Valley, a conspicuous deposit of
white clay occurs here in a gully on the property of Phil Ogil-
tree. From the bottom of the gully to the cultivated field
above, the vertical distance is about 90 feet. The clay shows
considerable variation in texture and quality. At the bottom
of the gully there is 14 feet of white clay considerably stained
by iron oxide; above this there seems to be an interval of
sand, about 10 feet, and then a clay bed 20 feet in thickness,
which is in turn overlain by 30 feet of ferruginous sand.

The lower part of the 20 foot bed is sandy, and very
variable in character, and the best clay observed, was the
upper 8 feet, exposed at the head of the gully. The over-
burden, consisting for the most part of unconsolidated red
sand, amounts to about 30 feet.

The quality of the clay concealed by the overlying red
sand, is not known, and information concerning the deposit
is based upon the natural exposures alone.

Physical Tests on Ogiltree Clay, Zenith

The clay tested, was a sample from the upper part of the
twenty foot bed.
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L 70) 1o white to cream
TOXEUTE o vvvvntenennernnnesoonniannnes fine grained
Hardness ......coveeveniiennieniieanen. soft, friable
Slaking ...veeiiiiiiiiiii i good
Plasticity .oovvviieeiiiiiieiiiiiienannn, very good
Tensile strength ............ .. .00 uis. very low
Air shrinkage ........ciciiuiiiiiiiiinnn. 419
Cone 4—
Fire shrinkage ..............ociiinea, 45%
L6731 pure white
Cone 9—
Fire shrinkage ........c.oiiiimiiinnn, 10.8%
ColoT ot i e i e light eream

The following is a chemical analysis:

Moisture at 100° C.....civiiriiiiinnicnriianeennnnsns .486
Loss on ignition, water................covvuiiinan. 12.239
Siliea, S0, . .viiiiiiii i i i i i e e 49.020
Alumina, ALO; . ..vviiiiiiiiin ittt cienns 35.603
Tron oxide, FeaOz v ovvinienneieiiiiiiinnnnnnnannns 845
Manganous oxide, MnO................... .. ... ... trace
Lime, Ca0 .......oiiiiiiiiiiiiiiiiiiariiteannenes .040
Magnesia, MgO .......coiiiiiiiiiiiininiiiiiinannn, trace
Soda, Na,O ...ttt ittt iei v .032
Potash, K,O ...t et iii i .065
Titanium dioxide, TiO: .v.vvirriiiiiniiiiiininnnennns 1.352
Total ..ovvvvieiiiiiniiiei i 99.682
Rational analysis:

Feldspar.............. 1.064
Quar e 0858 } Sand.......ooeen.. 10.952
Clay substance .......c.ooiviiiieieneeneiennennnenas 89.048
b 0] 7 P 100.000

Except for the high percentage of quartz sand, the clay
is quite pure; the common fluxing impurities amount to only
982 per cent., and it should be in point of refractoriness,
a No. 1 fire clay. If washed, it would give some promise of
being both a paper and pottery kaolin.

In the railroad cut, a short distance north of Zenith sta-
tion, a clay bed is exposed for a distance of 150 yards along
the cut. There is much staining from iron oxide at the
surface; the bed has a maximum exposed thickness of 12 feet;
and is probably only a fire clay. There is a bed of black
and drab shaly clay overlying this stained clay, which con-
tains bits of lignitized leaves and wood and some few small
pieces of fossil resin or amber.
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EveERETT.—An outerop of clay, occurring in a cut of the
Central of Georgia Railroad, at Everett, 5 miles west of Fort
Valley, was examined, and the clay here is the same geologi-
cal position as that at Zenith. The bed is partly concealed
by drift from the overlying sand, so that only 6 or 8 feet
of it is exposed; it is drab or even a faint lavender in color;
this color may be only a surface phenomenon and the clay
may be purer where not exposed. It is free from any coarse
sand, and jointed. It is overlain by unconsolidated red sand
which contains some white clay intermixed with it. No pros-
pecting has been done, and no information can be given as to
the extent and thickness of the deposit. The clay has good
plasticity; very low tensile strength; its air shrinkage was
5.3 per cent. At cone 4, it burned to a dull cream color, gave
a fire shrinkage of 6.9 per cent. and showed no checking; at
cone 8 the fire shrinkage was 8.3 per cent., and the color
slightly darker than at cone 4. The clay tested, is not suit-
able for white ware pottery, nor for use as a paper filler.
It is possible that purer clay than that tested, may be found.

MACON COUNTY

In the northern half of Macon county, there is a belt of
Upper Cretaceous sand in which pockets and beds of white
clays have been found. At no place where these have been
examined, do they approach in purity and thickness the clay
beds of the Tuscaloosa east of the Ocmulgee River. Most
of them will probably be found highly refractory, but not
suitable for the higher grades of clay wares.

A sample of fire clay was taken from a gully or wash on
the Frederick place, 2 miles northwest of Marshallville. The
bed showed a thickness of 6 to 8 feet, and was stained by iron
oxide and contained a small percentage of sandy impurities.
It is overlain and underlain by ferruginous and clayey sands,
and is probably only a lens or pocket since it gives evidence
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" of thinning out in the gully where it is exposed. The clay
showed fair plasticity; its tensile strength was 20 pounds per
square inch; air shrinkage 6.2 per cent. It burned to a cream
color at cone 4, and showed a fire shrinkage of 6.7 per cent.

At cone 8, a dull cream or drab color, steel hard, no crack-
ing and a fire shrinkage of 8 per cent. The dark color to
which it burns, will preclude its use for white ware pottery.

Some white stained clay, was noted on the west side of
Flint River, north of Oglethorpe. A clay bed is exposed in
the cut of the Atlanta, Birmingham and Atlantic Railroad,
near Maverick, and a bed may be seen in the public road
about 34 mile west of Maverick, adjoining the property of J.
M. Childs. The bed at the latter locality, is 8 feet thick; it
is white with purplish and red stains, which seem to pene-
trate the mass of the clay, and in places is quite sandy. The
extent of the bed is not known, but it will probably be of
small area. It is probably a fire clay, but is not pure enough
to be a kaolin, and could not compete with the purer and more
extensive deposits at other localities. A sample tested in the
laboratory showed an air shrinkage of 8 per cent., its tensile
strength was 15 pounds per square inch. At cone 4, it
burned to a dull white or faint cream color, and showed a
fire shrinkage of 8.2 per cent., and was steel hard; at cone 10,
it burned to a cream color with a shrinkage of 10 per cent.

There are a large number of exposures of clays in the
red sands west and northwest of this locality; some of the
exposures noted, showed a thickness of 15 feet or more, but all
were splotched with iron oxide stains. There is very little
~local demand for clay products in this part of the State,
and any white clays to be of value at present, must show some
exceptional qualities.

TAYLOR COUNTY

. Sands of both the Upper and Lower Cretaceous occur in
this county and are clay bearing. The sands of the Lower
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Cretaceous are not easily distinguished from those of the
Upper Cretaceous, and the white clays of both are similar in
occurrence, but those in the vicinity of Butler, in the Tus-
caloosa, are purer and more extensive than elsewhere in the
county.

North of Butler the sand is noticeably coarser and more
pebbly than south; there are beds of coarse, granular quartz
pebbles and occasionally some feldspar pebbles; and at one
point, a hard clay-arkose breccia, similar to that noted at
Grovetown and Hephzibah, was found. The sand in the
southern part of the county, contains noticeably more iron
and the clay beds are thinner and less pure. A character-
istic feature is thin crusts or layers, a few inches thick, and
large hollow nodules of siliceous limonite; the latter are so
abundant in some localities that they may be of some value
in the future as a source of iron.

BuTtLER

Some clay mining has been carried on by the Butler Clay
Company, at a point 214 miles west of Butler, but operations
were suspended in 1905. The clay deposit is about 114 miles
south from the nearest point on the Central of Georgia Rail-
road, but can be easily reached by a spur track. The bed
is typical of the deposits in the western belt of the Tuscaloosa,
and at the time of my visit to the property, the pit was
sufficiently clear of debris for a fairly good exposure of the
clay bed to be seen.

The following section could be seen in the pit:

Feet
1 Red, crossbedded sand.........ooiiiiiiiiiiiiiiin.n L. 4
2 Drab kaolin, fair quality.......... .. ..., 8
3 Verysandy €lay......covviiiieiiiiiirninninnniiiinans 2
4 Jointed kaolin, good quality............c.oiiiiiiiiiL, 8
5 White quartzsand........ooovviiiiiiiiiiiiiiiiiiiaa., 1+

The clay bed shows no continuity of deposition; it may
terminate abruptly and grade into or be replaced by sand,
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SHALE PIT OF THE GEORGIA VITRIFIED BRICK AND CrAy COMPANY, BELAIR, RicHMOND COUNTY, GEORGIA.
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to again appear as pure clay. The lower part of the bed in
the pit is jointed, a drab or gray in color, free from staining
and contains only a small percentage of sand.

The following is a section of a well sunk for water af‘few
yards south of the pit:

Feet
1 Sandy elay ....vvniiiiiiiiiiiiiiiii i ittt 12
2 Sand with small amount of elay........................ 15
8 White €lay ..ooviiiiiiiiiieiienneonsreonrenscasaannsas 4
4 Quartzandmicasand...............covheiilll e 4
B 35

The white sand underlying the clay bed, outcrops in the
valley south of the pit, and does not contain any clay beds of
importance. The owner of the property reports that he pros-
pected 25 acres east of the pit, and found clay underlying
the whole area, the overburden varying from nothing to 16
feet. The indications for a large quantity of clay are good,
though doubtless lack of uniformity, both in texture and thick-
ness, would have to be contended with in mining. One very
great advantage, however, is the small amount of overburden.

The clay which was mined several years ago, was shipped
to northern markets as a filler for wall paper, and some was
used for sizing cotton cloth in the cotton mills at Columbus
Georgia.

The clay was cleansed in a Raymond pulverizer and air
separator, with a capacity of about four tons per day. An
examination of some of the clay prepared by this process
showed that the process was efficient only in removing the
coarse quartz particles; the amount of iron oxide in the clay
was not lessened and but little difference was affected in
the chemical composition or purity. In handling a clay of
the nature of the Butler deposit, it is not believed that this
process is as practicable as clay washing.

Samples collected by the writer, were tested in the labor-
atory with the following results. The physical tests were
made upon a sample of the purest clay.
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Physical Tests of Butler Kaolin

Color, when dry, almost white or a faint cream; it is very
free from sand, the chief impurities being muscovite mica
and some coarse quartz sand. It has excellent plasticity, and
requires 44 per cent. of water to develop the maximum. Its
tensile strength is very low, not exceeding 12 pounds per
square inch. It is very fine grained, in the sieve test 95 per
cent, passed a 200 mesh sieve. Its air shrinkage is 4.7 per
cent. and slaking properties excellent.

Burning Tests

Cone Fire Shrinkage Color
3 4.7% pure white
5 7.5% white
9 11.8% white
15 13.3% white, black specks

The fusing point of the clay lies above cone 33, 3,254°F.,

The burned color is good, but as in the case of nearly all
of the Fall Line kaolins tested, unless very carefully burned, it
cracks badly. The black specks noted are evidently due to
the fusing of some easily fusible mineral which exists in the
clay as a sandy impurity, and, to some extent, at least, would
be eliminated if the clay were washed. The clay has a good
‘‘sticky’’ plasticity, and remains in suspension readily when
slaked in water, and is a first rate clay for p.aper filling. In
point of refractoriness it is a No. 1 fire clay.

The following is a chemical analysis of a sample of the
Butler kaolin:

Moisture at 100° C.ovtivirnriin ittt iiiinienena. 0.628
Loss on ignition, water............ ... coiiiiilL, 12.640
Silica, 8iO; ....... I 46.755
Alumina, ALO; ....viiivniin it 36.594
Iron oxide, Fe;0p v ovvvviiin it 1.045
Lime; CaO . .ovvrniiiiii it i i i .080
Magnesia, MgO ......oiiiiniiiiiiiie i, 102
Manganous oxide, MnO ............. ... . ... .., trace
Soda, NasO ..ottt ittt it iiininnenn, 145
Potash, KO ittt iiiien it iiii i ciinanns .288
Titanium dioxide, TiO; .......... .o, 1.472
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Rational analysis:

Feldspar.............. 1.498

Quartz................ 5.141 % Sand................ 6.639

Clay substanee ..................c..iiiiiiia., 93.361
177 ) P 100.000

The above analysis is of a sample of the purest clay, but it
had received no mechanical preparation. Although, as shown
by the above analysis, the amount of iron, Fe,O;, is above one
per cent., the clay burns whiter than many other kaolins
tested, in which the iron content was much smaller.

In a hillside about one-fourth mile west of the Butler Clay
Company’s plant, there is a natural exposure, showing 15 feet
or more of clay. The bed at this point is in the same geologi-
cal position, and lies at about the same level as the bed at
Butler’s, and the clay will probably be found similar in its
properties.

'NORTH OF ButrLer.—Clay is found in the ravines a short
distance north and west of the station at Butler. It occurs in
considerable quantity, but is streaked and mottled by iron
oxide, but will no doubt be found highly refractory.

. An attempt was made to mine a white clay about 4 miles
northeast of Butler by Messrs. Anthony and Gooding. The
clay bed at the time of my visit, showed a thickness of 10 feet,
and was somewhat sandy and stained by iron oxide. It is
overlain by 15 feet. of coarse pebbly sand. The property is
rather inaccessible and the quality of the clay probably did
not justify its exploitation.

Forry-six MiLeposT.—A. deposit of clay was noted in a cut
of the Central of Georgia Railroad near the 46 milepost.
The clay is iron stained at the surface and is not a kaolin, but

may be of some value, as a fire clay, on account of its accessi-
bility.
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TALBOT COUNTY

Only a narrow strip, 6 or 7 miles in width, in the southern
part of this county, is underlain by sediments of the Coastal
Plain. The clays of the Cretaceous observed, were inferior
in quality.

The tests on a sample from near Junction City, will indi-
cate the character of the thin clay beds occurring in this vicin-
ity. The clay is white, or almost white when dry, and con-
tains a very high percentage of sandy impurities, chiefly mica
and quartz. Its plasticity is poor when compared with that
of the purer clays of other localities; air shrinkage 3.7 per
cent.; tensile strength very low, not exceeding 10 pounds per
square inch. Burned at cone 5, it showed only 1 per cent. fire
shrinkage ; burned to a cream color, and was soft and friable.
At cone 13, it showed only 1.4 per cent. fire shrinkage, due
evidently to the very high percentage of sand, and burned to
a beautiful speckled buff. It was fused at cone 30, 3,146° F.
The clay is not a kaolin, and can hardly be classed as a No. 1
fire clay.

The Tuscaloosa formation in the vicinity of Geneva, dif-
fers in appearance from the formation as exposed elsewhere
in the State. It is here composed largely of indurated mate-
rial, and consists of alternating layers of indurated clay and
sandstone. The clay layers are thin, dark colored, jointed
and often sandy, and are at present of no commercial value,
though they may be found refractory.

The following section of a hill, about 2 miles southeast of
Geneva, will indicate the character of the strata:

Feet
B 1 P 3
2 Soft sandstone ...........ccoiciiiiiiiiii i, 15
3 Jointed, purplish elay, indurated.................. ... ... 6
4 Soft, yellow sandstone..........ccviuiieiiieiiiiiiennns 20
5 Purplish, hard-jointed clay, with large quartz grains...... 5
6 Soft, yellow, cross-bedded sandstonme .................... 20
To the southward, the section is overlain by a loose, brown
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or yellow sand, belonging to Upper Cretaceous strata (Eu-
taw). North and west of (feneva, near the contact with the
crystalline rock, the material composing the Cretaceous is
coarse and the clay is brilliantly colored by iron.

MARION COUNTY

The northern part of this county is underlain by a great
thickness of red and brown sands and sandy clay-marls, be-
longing to the Eutaw and Ripley formations. There is a
great abundance of clay, but it does not approach in purity
the clays of the eastern belt of the Cretaceous. The white
or light colored clays occur in pockets or in thin non-persist-
ent layers in the sands, and may be dark in color from organic
matter, and frequently contain thin layers of limonite. In
the Ripley formation, there are black and gray sandy, clay-
marls, attaining great thickness. The northern part of the
county is thinly settled, and without railroad transportation,
and there has been no stimulus for the development of its
clay resources. The prospects, however, for high-grade clays
or kaolins in large quantity, are not very favorable.

MUSCOGEE COUNTY

The clays of the Cretaceous in this county, are relatively
unimportant; the clay industry of Columbus, the largest city
of western Georgia, is confined entirely to the manufacture
of common building brick, and the clays of the alluvium of
the second terrace along the Chattahoochee River are used,
and will be described in another part of this report.

The relations of the Tuscaloosa formation to other geo-
logical formations, may be seen in the gullies on the Alabama
side of the Chattahoochee, opposite Columbus.

The following section is exposed:

Feet
1 Brown-yellowIoam ..........ciireniiinneiiiieniinnnns 12
2 Vari-colored, jointed, plastic clay, variable in thickness... 12
3 White micaceous sand........cvovvvvirenineniieniiean, 4
4 Coarse gravel .......vvviiiiiiiiiiiiiiiiiiiieaanas 0to 2
5 Disintegrated gneiss...........cooieiiiiiiiiiiiii... 15
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The brown loam at the top is a Pleistocene alluvium; the
Tuscaloosa clay is plastie, sandy, mottled, and may be bluish
or greenish in color, and grades into disintegrated gneiss.

The Tuscaloosa in the vicinity of Columbus, consists of
coarse, cross-bedded sand and gravel, with beds of plastic,
colored clays, the whole resting upon arkose or disintegrated
gneiss, and capped by red pebbly sand. No white clays of
high refractoriness or purity are known. Southeast of Col-
umbus, red, and black or drab, lignitic clays and clay-marls of
the Eutaw formation, occur.

There is a great thickness of colored sands in the eastern
part of the county, but no very pure white clays are known
to occur, though possibly fire clays of fair quality could be
found.

CHATTAHOOCHEE COUNTY

This county, as shown by the map accompanying this re-
port, lies within the belt mapped as Cretaceous; but as far as
is known, it contains no fire clays or kaolins of any import-
ance. There are great thicknesses of drab or dark colored
laminated clays and red sandy clays, which would be suitable
only for common building brick, or other low grade clay
produects.

STEWART COUNTY

There is a great thickness of red and white sands and clay-
" marls in Stewart county, belonging to the Upper Cretaceous
formation. There are white clay layers in the sands, but

these where examined, have been found sandy, or mottled with
iron oxide, and in no place approach a high-grade kaolin in

purity. Tests upon small selected samples may show up

high-grade clays, but such are very frequently misleading,

since the sample does not represent a commercial quantity.
Some of the deposits may have some value in the future as
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fire clays. The white clay layers are as much as ten feet in
thickness, but are usually much less.

A small sample from near Lumpkin, showed a good plas-
ticity, air shrinkage 6.5 per cent., and burned to a cream color;
showed a low fire shrinkage, without checking. Its fusing
point was above cone 30.

A good exposure of light-colored, very sandy clay, prob-
ably representing the top of the Cretaceous strata, occurs in
the railroad cut east of the depot at Lumpkin.



CHAPTER VI

PROPERTIES AND USES OF THE FALL LINE OR
CRETACEOUS WHITE CLAYS

The belt of the Cretaceous strata, between Macon and
Augusta, in which white clays occur, is approximately 110
miles in length and from 3 to 15 miles in width. Throughout
this area white clay beds, kaolins and fire clays, 6 to 35 feet
in thickness occur; these do not occur as individual continu-
ous beds for the whole distance, but as separate, lens-shaped
beds of variable extent and thickness. The distance between
Macon and Columbus is approximately 85 miles. In this
western belt the Cretaceous sediments are 20 to 25 miles in
width with a maximum of 50 miles on the Chattahoochee
River. The clays of this belt are not as a whole as pure nor
as extensive as those east of Macon, but valuable clays exist
and await development. The white clays of the Fall Line
region exist in almost inexhaustible quantities, are easily
mined and are in a large measure accessible to railway lines.

CHEMICAL AND MINERALOGICAL COMPOSITION.

The chemical purity of the clay is often most remarkable,
especially when the origin of the clays is considered, and the
belt of clays extending from the vicinity of Macon to Augusta
is probably the most extensive belt of pure clays in the United
States. The purest of the clays approach in composition
kaolinite or theoretically pure clay, one sample analyzed by
the Geological Department showed 99.16 per cent. clay sub-
stance; from this purity, the clays range to those containing
very high percentages of sand and other impurities, though
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all are more or less white in color. The chemical analyses
given in thepreceding chapter are not in any way misleading,
and for the most part represent commercial quantities, and
when the analysis is from a selected sample or happens to be
less pure than the deposit as a whole, it is so mentioned in the
report.

Stica.—The clays range in silica, as shown by 36 analyses
from widely separated localities, from 40.28 to 60.44 per cent.;
the amount of free silica or sand in the above analyses ranged
from 0 to 20.66 per cent. The amount of combined silica ap-
proaches closely that in kaolinite. =~ The ratio of silica to
alumina in kaolinite is 1.16:1.00; the ratio in 15 of the purest
clays of the Fall Line belt was from 1.10:1.00 to 1.24:1.00, and
two showed 1.16:1.00. The highest silica-alumina ratio, 1.24:-
. 1.00 was in a hard fire clay from the property of J. R. Van-
Buren, Griswoldville; the explanation of this is probably that
the clay contains a large percentage of soluble hydrous silica
which is not in combinaion, but is given so in the analysis,
and the presence of a small amount of other silicates, as feld-
spar and mica. The alumina in 36 selected analyses ranged
from 25.75 per cent. to 40.42 per cent., while the average is
above 35 per cent. The clays will be found generally high in
alumina, and where a low percentage is shown by the analysis,
it is due to a large amount of sand. Some clay associated
with bauxite, which has been recently discovered in Wilkin-
son county, will probably show an excess of alumina over
silica due to the presence of bauxite.

Iron OxipE—The amount of iron oxide is 35 analyses
- ranged from 0.51 to 2.11 per cent., and the average of the 35
was 1.01 per cent.; 16 showed less than 1.00 per cent., and 19
above 1.00 per cent. None of the clays from which the analy-
ses were made had been washed, and it is certain that the
amount of iron could be reduced to some extent by washing.
The iron exists mainly in the form of the oxides limonite and
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hematite, and the amount derived from iron bearing silicates
is very small. The iron is generally in a very finely divided
state and is uniformly distributed, though often existing as
spots and as minute ‘‘pimples’’ or concretions. In making
burning tests on the clays it was generally observed that these
clays which contained above 1.00 per cent. of iron oxide, gave
a cream tint.

Lime.—Lime exists in inappreciable quantity. Out of 36
analyses, 26 contained no lime or only a trace, and the average
in the 36 was only 0.05 per cent. The highest percentage
shown was 0.40 per cent. Lime when present is derived frow
silicates, feldspar, hornblende and pyroxene. No lime carbon-
ate nor sulphate has been observed.

MaenEesia.—Magnesia is also in very small amount, but is
slightly in excess of lime, due no doubt to the abundance of
mica in the clays. The range of magnesia was from 0 to 0.82
per cent., with an average in 36 analyses of .08 per cent.

Sopa.—The soda content is small, the range in the analyses
available being from 0 to .83 per cent., with an average of 0.10
per cent. Itis more common than lime and less common than
magnesia. Its source is in the main from feldspars, but may
be in part derived from micas and other silicates.

Porasa.—Potash slightly exceeds soda in amount and is
more universally present, though the amount is never great.
The range in 36 analyses was 0 to .71 per cent., with an aver-
age of 0.17 per cent. Its source is from the micas and feld-
spar. ' :
Trrantom.—Titanium dioxide is universally present. In
33 clays in which tests for it were made, the range was from
1.14 per cent. to 2.26 per cent., and the average 1.44 per cent.
It is more common and in greater amount than lime, magnesia,
soda and potash, and in the clays tested is in greater quantity .
than iron oxide. In regard to its source, it is possible for it
to be derived from rutile, ilmenite, titanite and perovskite.
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If derived from a separate mineral at all, its source is most
likely rutile, and if derived from rutile, the mineral is in an
extremely fine state of division, as fine in fact as the finest
clay particles, since analyses of very fine clay, obtained by
floating, show higher amounts of titanium dioxide than those
containing coarse sand. This fact justifies the suggestion
that the titanium is in part at least in chemical combination
with the clay substance.

Ground rutile mixed with kaolin is known to produce a
yellow coloration and at very high temperatures to give a
bluish tint, but as far as the writer could observe in testing
the Fall Line clays there was no color traceable to titanium,
and the refractoriness of the clays is doubtfully lowered by it.

Warer.—The amount of combined water is high, usually-
12 to 14 per cent., and it is only in the very sandy clays that it
is less than this. , '

~ Orrer ConsTITUENTS.—Rarely an analysis shows a trace of
sulphur and phosphorus pentoxide due doubtless to an acei-
dental grain of pyrite and apatite. A trace of manganese
oxide is also sometimes shown, which is not surprising, since
it is observed in localities as a thin coating along joint planes.
Carbonaceous matter is never present.

Microscopic ExaminatioNn.—The clays were examined un-
‘der the microscope, both in thin sections and as a powder un-
mounted. The clay substapce appears, in the soft clays, in
milky and translucent aggregates. - No kaolinite crystals were
detected. Quartz is present, usually as small angular and
subangular particles, often coated with iron oxide. Angular, .
glassy, dark-colored grains are frequently present and are
probably smoky quartz.

In the flint clays some opaline silica was present and is
doubtless the cementing agent in such clays.

Muscovite mica is very abundant and occurs in very min-
ute flakes up to silvery scales easily recognizable without the



236 THE CLAY DEPOSITS OF GEORGIA

aid of the microscope. Some feldspars could be seen, but the
varieties could not be determined. Limonite and hematite
occur as a coating over other minerals and in separate grains.

Magnetite is rarely present, and there are occasionally
black grains which are questionably ilmenite. In one clay,
a cube of pyrite was distinctly recognized, but no trace of
pyrite was observed in any other clays. Careful search was
made for rutile, but nothing that could be positively recog-
nized as such was found.

Hornblende, pyroxene, garnet, biotite and other minerals
common to igneous and metamorphic rocks in the Piedmont
Platean are found in the sands of the Cretaceous and are
doubtless present also in the coarse sandy clays, but can not
be identified with certainty in the finest and purest white
clays.

The minerals in appreciable quantity are quartz, musco-
vite mica, feldspars, and iron oxide, mostly limonite or other
hydrous oxides.

PHYSICAL PROPERTIES

The white clays are both soft and hard; the soft clays are
unctuous or greasy to the touch and are sticky or glue-like
when moist; there are some semi-hard or slightly granular
clays and some which are very hard and break with a con-
choidal or splintery fracture. The soft clays are highly plas-
tie, and when worked up to their best plasticity can be moulded
into almost any desired form, that is, they will show a great
amount of deformation without breaking. Upon drying,
however, the clays usually have only low strength; but there
are some notable exceptions. The very hard clays are
‘““mealy’’ or granular and show very little plasticity. The
amount of water required to develop maximum plasticity is
high, 30 to 45 per cent. of the dry weight of the clay.
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TexsiLe STrRENGTH.—The dried strength ranges from 10
pounds to as high as 140 pounds per square inch. The very
soft, flour-like clays and the very hard seem to show the lowest
strength, while those intermediate show the highest. Those
clays possessing good strength also have high bonding power.
A clay from Dry Branch gave a strength when mixed with 50
per cent. of non-plastic material, of 112 pounds per square
inch, while the original strength of the clay was 140 pounds
per square inch. The non-plastic material used was sand,
which was run through a 40 mesh sieve, but none of it would
pass through an 80 mesh seive. The clays when burned alone
show a low strength on account of numerous cracks developing
in burning.

SHRINKAGE.—The drying shrinkage of the ¢lays is gener-
ally low, from 3.5 to 6 per cent. The fire shrinkage is high.
In the purest clays it varies from 4 to 9 per cent. at cone 4, and
from 10 to 15 per cent. at cone 9. The shrinkage seems to in-
crease gradually and uniformly from about cone 03 to cone 9;
from cone 9 to cones 12, 13, 14 and 15, the increase in shrink-
age is only slight, and sometimes there is none at all.

Fusisiziry.—The purer clays are soft, even at cone 4, but
are steel hard at cone 9. None of the clays tested, even the
very sandy fire clays, showed vitrification at cone 15. The
purest clays are not at all glassy at cone 30, and having fusing
points from cones 33 to 36. None of the white Cretaceous
clays have low vitrification points, and all, in which the
natural sandy impurities do not exceed 20 per cent., have been
found to be highly refractory clays.

Coror 1x Burning.—The clays tested ranged in iron oxide
content from 0.51 to 2.11 per cent., and gave colors ranging
from white to ecream, yellow and light buff. The purest clays
likely to be of value for white ware products, were burned in
a muffle; it was generally noted that those clays containing
above one per cent. of iron oxide burned to a cream color,
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either faint or a decided cream, at cone 9. Burned in the
open flame, at temperatures above cone 9, some of the purest
clays assumed a gray or bluish-gray tint. Often minute black
specks were observed in the bricklets of the white burning
clays, due to the fusion of minute grains of iron oxide or to
other easily fusible scattered mineral particles.

Texture.—The pure clays are very fine grained. In mak-
ing sieve tests, the air dried clay was first slaked in water,
and then passed through sieves by playing a stream of water
over it. It was found that as much as 95 per cent. and more
of the pure clays would pass a 200 mesh sieve. Frequently,
the quartz sand contained in the clays is coarse, and the
amount of clay which will pass a 200 mesh sieve can usually
be roughly approximated by the amount of sand it contains.
The sieve tests are satisfactory only for those clays which are
soft and slake readily into a fine powder. Some of the soft
clays contain particles minute enough to remain in suspension
in water almost indefinitely and in sufficient abundance to
make the water milky or opalescent.

Specific Gravity.—The specific gravity of 10 kaolins and
fire-clays tested by the pycnometer method ranged from 2.39
to 2.69. :

Coror 1IN THE Raw StaTE~—The color of these clays range
from white to cream, frequently stained light yellow and pink.
Those that are cream colored or even light yellow when
moist become almost white when dry. The color is due to the
amount and distribution of iron oxide. The color in the raw
state is of practical importance, since the clays are used for
paper filling and coating. For such purposes, whiteness and
uniformity of color is a requisite. The clays sometimes have
pink or light red splotches in them. These are due to iron
oxide and rarely to organic matter.

SuakiNg.—The soft pure clays, when dry, possess the prop-
erty of slaking in water to an eminent degree, and fall into
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a fine powder in a few minutes. The presence of moisture
greatly.retards the slaking properties. The hard clays disin-
tegrate only slowly into rather coarse grains and the very
hard, not at all or only with extreme slowness. The slow
slaking of the hard clays is due to incipient cementation of the
grains by opaline silica, and not to consolidation of the clays
by pressure.

Usss

The white clays of the Fall Line or Lower Cretaceous of
Georgia are now being used in he manufacture of white ware
pottery, electrical porcelain, sanitary ware, etc., fire brick and
other refractory products, and terra cotta. In the raw state,
they are extensively used as a filler for wood pulp paper. The
suitability of the clays for the above uses will be discussed
and further uses suggested.

WaiTE Ware PorrEry.—The purest clays from the mines
at Dry Branch, have within the last few years been success-
fully used in the manufacture of white ware pottery, notwith-
standing that their use for this purpose has been heretofore
discouraged and that there is still skepticism among some of
their value for this purpose. What is all the more remark-
able is that the clays have been shipped from the mines in the
crude state without washing. With the installation of wash-
ing plants greater uniformity and purity can be obtained.
There are at present no white ware potteries in Georgia, and
the clays have been shipped to Ohio, New Jersey and West
Virginia potteries. The Georgia clays have excellent plastic-
ity, frequently high strength and binding qualities which gives
them some advantage over residual kaolins.

The amount of clay which is suitable for white ware pot-
tery is small in comparison with the total amount of white
clay in the Fall Line belt, and by no means, are all those clays
which are white and comparatively free from grit adapted for
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pottery use, and many with less than one per cent. of iron
oxide, may show too much color in burning and have other
objectionable properties. The amount of clay, however,
available either in the crude state or by washing is certainly
sufficient to supply any demand, however great.

EvLecTrICAL PORCELAIN SantTARY WARE, ETc.—The material
exists for the manufacture of any refractory products now
in use, with possibly only a few exceptions, such as glass pot
clays and those for lining zinc muffles. In point of refrac-
toriness the clays are equal to any in the United States of’
which tests have been published, nearly all of those tested by
the writer having fusing points between cones 30 and 36.
Both plastic and non-plastic clays occur which range in dried
strength from 10 pounds to 150 pounds per square inch, while
those of high strength have also high bonding power. Clays
showing high strength and bonding power were found by the
writer at Dry Branch, Griswoldville, McIntyre and Chalker.
Coarse sand and sandy clays suitable for mixing in refractory
wares occur in the same beds with the clays, and the bauxite
of Wilkinson county, recently discovered by the writer, can be
mixed with the plastic clays for the manufacture of very
highly refractory and basie fire clay products. '

OrnaMENTAL ButLpive Brick.—The clays alone and in mix-
tures with red burning impure clays contiguous, could be
used in the manufacture of white, cream-colored, yellow and
buff dry press building brick, as well as enamelled and other
ornamental brick. There is no reason why a factory manu-
facturing such products should not be successful in supplying
Southern trade, which is now sufficiently great to justify such
a venture.

Paper FrirLine.—The clays are used extensively for paper
filling. The whiter such clays are, the better; they should
possess good slaking properties, plasticity or spreading quali-
ties, and freedom from grit. Greater uniformity in color and
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3LUFF, OPPOSITE AUGUSTA, SHOWING CONTACT BETWEEN THE CRETACEOUS AND SCHISTS.
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purity can be secured by washing the clays. They are only
- glightly inferior in whiteness to residual kaolins.

Oraer Uses.—They can be used in the manufacture of
sewer pipe, fire-proofing and paving brick, mixed with the
alluvial clays of the large streams at the Fall Line, and the
easily fusible schists of the adjacent Piedmont Plateau, such
* as at Belair in Richmond county. The minor uses of clays
for which they might be suitable are: paint filler, alum, ulta-
marine manufacture and plaster. Some of the hard clays are
quarried and sawed into blocks and used locally for building
foundations and chimneys. On account of their purity, quan-
tity, and cheapness of mining, they are a possible future
source of the metal aluminum, and it only remains for a cheap
process of separating the silica from the alumina to be in-
vented.

Tae EsTABLISHMENT OF FACTORIES IN GEORGIA

‘With an abundance of clays, the value of which in the
manufacture of white ware pottery, sanitary ware, electrical .
porcelain, and other high-grade clay products, has been
proven by their commercial use for such purposes in Northern
factories, the question arises why not establish factories in
‘Georgia for the manufacture of such products. As to the
feasibility of establishing factories, which could be a com-
mercial success, the following points are to be considered:

1 Suitability and availability of raw materials.

2 Labor.

3 Fuel

4 Market, and transportation facilities.

The quality of the clays for white ware pottery, and other
products has been proven. The quantity of such clay and its
accessibility can not be questioned. White ware bodies are
mixtures of kaolin, ball clay, flint and feldspar, and access to
the latter materials must be considered. ~Flint or quartz of

*

16
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great purity occurs in veins throughout the Piedmont Region
of Georgia, and as beds of quartzite or metamorphosed sand-
stone; a number of occurrences of feldspar have been noted
in the State, and it is believed that veins of sufficient purity
and thickness to be of commercial value may be found. The
occurrence of flint and feldspar in Georgia will be discussed
separately. Ball-clays are plastic clays of high strength and
bonding power and which burn white or nearly white and to a
dense body. No Georgia clays have been placed on the
market as ball-clays, but some of the plastic kaolins of the
Fall Line have the properties of a ball-clay, except that they
have higher vitrification points. Such clays could largely re-
place ball-clays, without violently overturning the established
methods of potters. It is also highly probable that other
Georgia clays which will more nearly meet the requirements
of ball-clays will be discovered in the future. Ball-clays in
the United States are now obtained from Florida, Kentucky,
Tennessee, Missouri, and New Jersey; English ball-clays are
imported.

Clays for the manufacture of fire-brick, saggers, ete., occur
in abundance.

Lack of skilled labor is one of the main arguments aa-
vanced against the establishment of potteries. Unquestion-
ably skilled labor would have to be imported, but the labor
problem is a problem which has to be met in the estab-
lishment of any new industry. It can only be a temporary
disadvantage. To carry such argument to the extreme, would
imply that no new industries requiring skilled labor could be
established except in those localities where such skilled labor
is most centered. The establishment of new industries in the
South requiring skilled labor, which it was at first necessary
to import and the successful operations of such industries, is
the most forceful argument to advance against lack of labor.

Fuel is an expensive item in the manufacture of clay prod-
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ucts. Coal for Georgia factories would have to be obtained
largely from Alabama and Tennessee. The cost of coal would
be somewhat greater than in Ohio and New Jersey potting
centers, but a suitable quantity for ceramie firing could be
obtained. Wood can not be considered as a reliable or per-
manent source of fuel.

Transportation and other manufacturing facilities would
be good at Macon, Augusta, Columbus and Atlanta, and raw
material within easy access. Taking all things into consid-
eration, the writer believes that manufactories for white ware
pottery and other high-grade clay products can be successfully
operated in Georgia. Such factories would have material ad-
vantages in supplying Southern trade, and could be active
competitors for western trade, and entrance into Northern
and Eastern markets would take place as they became more
firmly established. ‘

OCCOURRENCE OF FLINT AND F'ELDSPAR IN GEORGIA

There are good prospects of both flint and feldspar, both
used extensively in the manufacture of white ware pottery,
tiling, electrical porcelain, etc., being found in the- Piedmont
region of Georgia. Heretofore there has been no incentive
to prospect for either on account of no market in the South
and excessive freight to Northen markets.

Vein quartz of great purity occurs throughout the Pied-
mont Plateau and the Blue Ridge. The most notable locali-
ties known to the writer are at, 1, Burwell, 8 miles west of
Carrollton, Carroll county; 2, Kell Mica Mine, Rabun county;
3, Turner Mica mine, 5 miles north of Dallas, Paulding county.
A granular quartzite, of loose texture, is located on the Payne
property, 5 miles west of Jasper, Pickens county, which
showed upon analysis! 99.82 per cent. silica and only .03 iron
oxide, Fe,0,. Doubtless a number of other localities more

favorable than the above will be discovered by further pros-
pecting.

1 Analysis by Dr. Edgar Everhart for J. C. Holden, Blue Ridge, Ga.
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No especial search for feldspar has been made, but the fol-
lowing localities are mentioned as favorable places for pros-
pecting : '

Kern Mica Mine.—A pure orthoclase, potash feldspar, is
found at the old Kell mine, 10 miles east of Clayton, Rabun
county. The feldspar is quite pure and probably in large
quantity, and is associated with a very pure glassy and rose
tinted quartz. The present disadvantage is its great distance
from a railway line and its inaccessibility.

MrepceviLLE.—Feldspar occurs in large quantity in the
cuts of the Georgia Railroad, 314 miles northeast of Milledge-
ville. The rock exposed in the cuts consists largely of pink
orthoclase feldspar with perhaps 10 to 15 per cent. of quartz.
The iron content is also rather high. The deposit is very
conveniently located, and it is possible that prospecting in the
same neighborhood will reveal material of greater purity.

LaGrance.—Large crystals of pink orthoclose feldspar are
scattered over the surface, on the Swanson property 214 miles
southwest of LaGrange, Troup county. Until prospecting is
done, it is difficult to tell whether the feldspar is derived from
a single vein of considerable dimensions or a number of small
veins. Black tourmaline, quartz, and muscovite mica are the
principal associated minerals. The feldspar is quite pure and
free from included quartz; the tourmaline would detract from

its value if found to be intimately disseminated through the
vein or veins.

OtuERr Locavities.—There is some prespect of feldspar be-
ing found at the old Turner mine, 5 miles north of Dallas.
The feldspar here is largely altered into kaolin, but not en-
tirely so. Feldspar and residual kaolin derived from feld-
spar were noted on the Davis place, 4 miles southwest of Jas-
per. Numerous pegmatite veins bearing coarsely crystalline
orthoclase, were observed east of Canton, Cherokee county.
Jones, Monroe, and Upson counties would not be unfavorable
places for prospecting, since numerous pegmatite veins have
been observed.



CHAPTER VII

FIRE—CLAYS OF THE TERTIARY FORMATIONS OF
THE COSTAL PLAIN

In discussing the kaolins and fire-clays of the Coastal
Plain, the description of the clays, have in the previous pages,
been confined to the Cretaceous, and the Fall Line belt. The
Cretaceous rocks, however, form only a narrow belt, and a
comparatively small area, and the great mass of sediments,
consisting of sands, clays and limestones, underlying about
seven-eights of the area of the Coastal Plain, was deposited
during the Tertiary period. The stratigraphy of the Tertiary
formation has been previously discussed and will not be taken
up here. '

The Tertiary deposits of white clays are not as extensive
nor as pure as those of the Cretaceous, and it is doubtful
whether any of them will be of value in the manufacture of
chinaware or other high-grade clay products, but in some lo-
calities the clays have high refractoriness, occur in large quan-
tity and may be of future economic importance.

SUMTER COUNTY

Krerrey My anp CoppEras BLUFF

Some remarkable deposits of white clay occur in the north-
east part of Sumter county, and the beds at Kelley Mill and
Copperas Bluff, 12 to 16 miles northeast of Americus and
about 6 miles east of Andersonville have attracted some at-
tention, and have been the subject of investigation to deter-
mine whether they were of value for pottery purposes. The
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beds probably lie in the Midway formation or Lower Hocene.
The purity of the deposits is difficult of explanation, and the
conditions of deposition were perhaps similar to those which
prevailed during the deposition of the Lower Cretaceous clays,
but the clay must have been transported a greater distance.

The purest and most extensive bed which has been found,
is located 6 miles east of Andersonville at Kelley Mill on
Sweetwater creek, which forms the boundary between Sumter
and Macon counties. The following is a geological section
of the hillside about 100 yards below the mill:

Feet
1 Red sand ....ciiiunirniniii ittt iiniienann 4
2 Stained elay layer........cviiiiiiiiiiiiiii i 1
3 Purplish sand ...:.cociiniiiiiiiiiiiiiiiiiiieeieaan, 4
4 Stained elay ...t e 2
5 Yellow sand ..ovvveiiiinnin o innniienenaneerenenas 5
6 White, stained elay............oviiiiiiii i, 3to4
7 Pure white, semi-hard elay...........coiviiiiiiinn, 8
8 White clay, stained purplish yellow.................. 5
9 Interval to level of creek concealed, but probably clay 5

Beds 1 to 5, of the above section, constitute overburden;
beds 6, 7 and 8 constitute one massive bed of clay, which shows
no stratification, and the three divisions given, are based upon
the color of the clay and are applicable only at the point where
the section is made. '

Four feet of soft clay is exposed in the bed of the creek at
the mill, and it is reported that in building the mill, piles were
driven 15 feet into the clay bed without penetrating the full
thickness. The clay, which is streaked with iron oxide, is
exposed in the bed of the creek for about 100 yards below the
mill.

A curious structure, here, is the presence of nodules of clay
in the mass of the clay. These nodules are themselves pure
clay, and apparently are of the same composition as the mass
of the bed; they may vary in size from a pea to 114 inches in
diameter. The nodules wash out of the bed and may be seen

in layers and scattered through the sand, which forms the
bluff of the creek near its mouth.



FIRE-CLAYS OF TERTIARY FORMATIONS OF COASTAL PLAIN 947

A sample of the purest clay found here was selected for
tests in the laboratory. The natural exposures indicate that
there is a great quantity of clay here, but prospecting will be
necessary to determine the available amount of the purest
clay, of the purity of the sample tested.

Physical Tests on Kelley Mill Clay

The clay is white when dry; contains only a small percent-
age of grit, in the form of quartz grains, and is brittle or
semi-hard. It slakes readily in water, but crumbles into
"coarse, angular fragments, which further disintegrate only
very slowly; even when finely ground, the clay shows a tend-
ency to be ‘“mealy.”” In the sieve test, 90 per cent. passed a
150 mesh, when the sample was first lightly pulverized. It
has only medium plasticity, and shows a tensile strength of
only 14 pounds per square inch.

Its average air shrinkage was 5.7 per cent., and it required
42 per cent. of water for mixing.

Burning Tests

Cone Fire-Shrinkage Color
4 9.1% white or faint eream
9 11.1% bluish-gray
3 L dull gray

It eracks badly in burning and hence is brittle, and the
strength of the burned clay is low. It was unfused at cone
32, 3,218° F,, and is highly refractory.

The following is a chemical analysis of this clay:

Moisture at 100° C...ooivv ittt i i 9.481
Loss on ignition, water...........ooviiiiiiniiin, 12.309
Siliea, SI0s v uvret it i it i 42.590
Aluming, ALO; «ovinr ittt itniieeeeianaen 33.916
Ferric oxide, Fe,0p oo ivviiniiniiiiiiinieeinsanns 590"
Lime, Ca0 .. .viirini ittt .000
Magnesia, MgO .......oooiiiiiiii i trace
Sodium oxide, Na.O .....ooiiiiiiiiriminn vieeeninnn, none
Potassium oxide, K;O ...ovvviniiiniiine i, trace
Titanium dioxide, TiO; ...covvvvviiiiieiiiiiaaiiin, 1.334
Sulphur, S.... .. e, .000
Phosphorus pentoxide POy ..., .000
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The clay is of remarkable chemical purity; it contains only
.59 per cent. of iron, Fe,0,, and the rather dark color to which
it burns, is a phenomenon difficult of explanation, when clays
from the Cretaceous with a much higher percentage of iron,
and almost the same alumina and silica content burn to a purer
white color. Altogether, this is an excellent illustration of
how a chemical analysis may be misleading unless supported
by physical tests.

In point of refractoriness, it is a high-grade fire-clay, and
could possibly be most successfully used in the manufacture
of fire-brick, crucibles, etc. Judging from the results from
the sample tested, its possibilities for white ware are not very
favorable since its burned color is not as pure a white as
is demanded by white ware potters. However, should
development work prove that the white clay, free from stains,
persists over a large area, the results are at least sufficiently
encouraging to justify further trials. ,

On account of a tendency to be ‘‘mealy’’ when slaked, the
clay is not likely to be of much value for filling and coat-
ing paper. It contains a small amount of ‘‘grit,”” but this
could be separated by washing, and would not detract much
from the value of the clay, were other properties favorable.

CoprPERAS BLUFF

Copperas Bluff is located about 2 miles south of Kelley
Mill. The clay is best exposed at the base of the bluff, and
near the water level of Flint River. The exposure varies in
thickness from nothing to 15 feet for a distance of 200 yards
along the base of the bluff, and the full thickness is not seen.
A black clay-marl, 15 feet in thickness, lies conformably above
the clay; this black clay contains erystals of pyrite and green-
ish crystals of iron sulphate or copperas, and is reported to
have been worked at one fime for the copperas which was
used as a mordant in dyeing. Above the clay-marl is 20
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feet of yellow and orange unconsolidated sand. The white
clay is semi-hard, a bluish white in color, and contains only
a small percentage of sand; it is minutely jointed, and the
joint cracks are filled with a precipitate of iron oxide,
deposited by waters infiltrating from the overlying clay-marl
-and sand formation.

Physical Tests

Color .. i i i i e, gray or drab
Plasticity ...covvviiiiiiiiniininnanennns medium
Water required ........ciiiiiiiiieinaa.. 43%
Slaking properties .......... e eeeeiaea. into coarse lumps
Air shrinkage .......coiiiiiiiiiiinnenn., 6.2%
Tensile strength ....................000, 37 Ibs. per sq. in.
Cone 4—
Fire shrinkage ..............c.oiiiinnns. 11.9%
L074) 1+ P cream
Cone 13—
Fire-shrinkage ......c.oviviiiiiinenannn, 13.4%
(0713 T dark gray to buff
Fusing point ........ ... ... oL, unfused at cone 30

The fire shrinkage is high, and the clay burns to a very
dense body at a low temperature, with noticeably less crack-
ing than the Kelley Mill clay.

The following is a chemical analysis of this clay.

Moisture at 100° C.....oiiiiiiiiiiii i, 2,617
Loss on ignition, water.............ooiiiiiiiiiian. 13.648
Biliea, SI0; vvee ittt et 43.756
Alumina, ALOs ..ooviiiiiiiiiniiiiiiiiiiiiieneninans 36,095
Feorric oxide, FE,05 vovvvvnriieniiinininerisonnnsnens 1.598
Lime, Cal ...oiviiiii ittt ittt i i .259
Magnesia, MO ...ovetiiiiiiriiieirreinrennnnenenas 134
Sodium oxide, Na,0 ......oviiiiiiineniniirinnnens 201
Potassium oxide, K,O ..oovviiiniiiiiin e, .030
Titanium dioxide, TiOz «ovvvvivvriririnrvisiosonnnnasan 827
Sulphur, S. ittt it it ittt tsr e .201 ‘
Phosphorus pentoxide, P.Os ...ovvvenivniieininiiaen, 032
0 Y 99.488

As in the case of the Kelly Mill clay, the Copperas Bluff
clay can probably be used most successfully in the manu-
facture of refractory wares, as fire-brick, etc. The excessive
shrinkage may be counteracted by the addition of sand or
grog.
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On account of the dark color to which the material burns,
it is not likely to be of any value for chinaware.

Its dark color and poor slaking properties, preclude its
use as a paper filler.

Both the Kelley Mill and Copperas Bluff clays are at
present poorly located in regard to transportation facilities,
being respectively 6 and 8 miles from the Central of Georgia
Railway. However, it is reported that a railway, in the pro-
cess of construction, is to pass quite near both localities, and
in this event, the value of the clay deposits will be greatly
increased. While there is little probability that the clays at
Copperas Bluff and Kelley Mill are parts of the same bed,
and underlie continuously the intervening area, still, the clays
occur in quantity sufficient for any clay working purpose for
which they may be adapted.

Other white clay deposits will probably be found in the
southern part of Macon county, and at other localities on
Sweetwater Creek above Kelley Mill. A deposit is known to
occur on the property of Zach Childers, in Schley county,
7 miles southeast of Ellaville. It is quite similar in its pro-
perties to the clay at Kelley Mill. Little or no prospecting
has been done to determine the extent of the bed, or whether
there is any large quantity as pure as indicated by the fol-
lowing analysis of a small sample sent to the State Geological
Department by the owner of the property:

Analysis of Clay from Zach Childers, Ellaville

Moisture at J00°C.....coviiiriiiiiiiiineiiieeennennns 13.38
Loss on ignition, water............... ... . .iiia... 12.14
Siliea, 810, . ovvviiiii ittt i e i 38.55
Alumina, ALO; oot e i e 33.33
Ferric oxide, Fe,03. .00 vvviiniiieniinneiiinnnnnnnn. .85
Manganous, oxide, MnO............. e eiaiae e trace
Lime, Ca0. .. uuuniiiiiiiiiitiireiereertrieenrnennnnn none
Magnesia, MgO ......oitieennniiiiiiiienaannnaennn 04
808, N3uO. . ittt ittt ti it iertneienennaanens .03
Potash, K, 0. ....coittiieininineneteniernnnrnnennans trace
Titanium dioxide, TiO, ...vvvvvtiiiiinnrrerieenneenn 1.47
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RANDOLPH COUNTY

Pockets of white clay occur in the Midway formation in
the northern part of Randolph county. Some of these depos-
its are quite pure, but the greater part will be found sandy
and stained with iron, or possessing a uniform cream color.
A peculiar property is their very hive fire shrinkage. Some
of these deposits may be of future value as fire clays.

A sample of white clay occurring on the upper Lumpkin
public road, on the property of A. J. Moye, 514 miles north of
Cuthbert, was tested in the laboratory.

Physical Tests on Moye Fire-Clay

The dry clay is a light cream color; it has excellent plasti-
city, and required 52 per cent. of water for mixing. Its air-
shrinkage was 6 per cent.; tensile strength very low, probably
not exceeding 10 pounds per square inch.

Burning Tests

Cone Fire-Shrinkage Color
4 10.8% almost white
8 21.8% dark gray
9 22.29, dark gray
15 e blue or dark gray

The fire-shrinkage is unusually excessive, and the clay
- cracks badly in burning. At cone 9, it burned to a very dense
stony body, almost impervious; at cone 15, very dense, but
could hardly be called vitrified.

The following is a chemical analysis:

Moisture at 100°C ... vtiiii ittt 1.317
Loss on ignition, water.............c.ciiiiiiiiiinn, 13.375
Silica, 810, ... .ii it i i e 44.600
Alumina, ALO; o .vviviviiiiieriiieencnasesaencasnns 38.485
Ferric oxide, Fe,05 ..o vviviiiniiiiiniennneeenraaonns 1.020
Manganous oxide, MnO ........... ... ccvenniinann. trace
Lime, Ca0 ....iviiiniiiiinernrrsanscinsassocnanennn .000
Magnesia, MgO ...... B T T .050
Sodium oxide, NaO..... e eenaaeareness s 032
Potassium oxide, KO, .vvivvvniiieininineeannnnns 116
Titanium dioxide, TiO; «ovvvveerneiiririmereneaan, 1.265
Sulphur, 8. .. ittt e et s i et iet s .000

Phosphorus pentoxide, P,Os....cvevveirenneieiaannn, .000
Total ...viureineienerieneinenaencnsnsoinsenenns 100.260
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~

This clay will doubtless be highly refractory, and may
possibly be suitable for such purposes as paper filling when
washed, but it is not a china clay.

QUITMAN COUNTY

Pockets and layers of white clay were noted in the cuts of
the Central of Georgia Railroad between Hatcher Station
and Georgetown. Near the 134 and 135 mile poses, pockets
or lenticular layers of white or light colored clays occur in
the massive sands, and are closely associated with thin lay-
ers, crusts and concretions of limonite. These clays may be
adapted for fire-clay products, but are not likely to be of
value for the higher grades of clay wares. The clays are soft
and plastic, and will likely be found of high refractoriness.

A good exposure of gray, plastic, sandy clay occurs in
the railroad cut at Wire Bridge station.

STEWART COUNTY

 Pockets and lenticular layers of white clays, together with
deposits of waxy impure clays and soft shale clay, occur in
the Midway formation in the southern part of Stewart county.
A bed of white clay, 10 feet thick, was observed in the
public road to Cuthbert, 8 miles south of Lumpkin. A small
sample from this place tested in the laboratory, showed good
plasticity, slaked readily in water, and showed only a small
percentage of sandy impurities. Its air-dried tensile strength
was low; air-shrinkage 4.9 per cent. It burned almost white
at cone 4, but cracked badly in burning. At cone 9, it burned
to a gray color. TIts fusing point was above cone 32, 3,218°F.
Small samples of pure white clay may be obtained in this
locality and elsewhere in the county, but the extent of these
pure clays should be carefully investigated, as the beds as a
whole, will generally be found to contain a high percentage
of iron.
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JEFFERSON COUNTY

A very hard flint clay, lying in the lower part of the Clai-
borne formation, was found along Reedy Creek in the north-
eastern part of Jefferson county, and some occurrences were
also noted in the adjoining county of Richmond. This clay
is bluish white in color, entirely free from sandy particles,
and much harder than the flint clays of the Cretaceous. It
breaks with an angular or conchoidal fracture, and has little
or no plasticity even when finely ground. It showed an air-
~dried tensile strength of 25 pounds per square inch. Tt
burned to a pure brilliant white, at cone 6. This clay was
noted as occuring in considerable quantity near R. R. Hatch-
er’s mill on Reedy Creek, 5 miles north of Wrens.

A very plastic fine grained soft clay ocecurs with the hard
clay; it burns to a gray-buff and is vitrified at cone 6. It
showed an air dried tensile strength of 85 pounds per square
inch. The quantity of this clay is probably small.

The following is a chemical analysis of the flint clay occur-
ring at Hatcher Mill:

, Moisture at 100° C.....viiiiiiiin ittt eiaiaaaans 415

Loss on ignition............oooiiii i 8.71
Silica, 810, ..ot i e s 65.21
Alumina, ALO; .......cooiiiiiina.. et 21.62
“ Iron oxide, Fe,0p oottt iii i 48
Lime, CaO ...ttt ieiiiniaaaans none
Magnesia, MgO.....iiiii ittt eneans .10
Soda, Na.O.....covvniiiiiiinin s e e trace
Potash 2 AP trace
Titanium dioxide, TiO, +.vvvvniiiniiivvaniinnn, e .08
b1 ) 100.35
Soluble silica....ovivriiniinin ittt aaan 43.90
Quartz ... .. e [ 3.99
Combined SIlica.....o.vveiuvernrnrnsenroinesnsnannsns 17.32

Rational analysis:

Feldspar ..ottt ittt e i e none
L 3T G P 3.99
Clay substanee. ...ovveiener i enenarnonsenannssannns 96.01
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The high percentage of soluble silica shown is very

unusual. ‘

THOMAS COUNTY

Some white clays of high refractoriness were noted in the
Altamaha formation, the most widespread formation of the
Coastal Plain, but are of no more than local value. In gen-
eral the only fluxing element, occurring in large percentage
in the clays of the Altamaha formation, is iron. KEven in
the very impure brick clays, the amount of lime, magnesia
and alkalies is small. Deposits of clay were noted near
Thomasville, containing only a small percentage of iron, and
a sample was collected for tests. The sample was obtained
from the pit of the Arnold Brick Company, 2 miles north of
Thomasville.

Physical Tests on a White Clay from Thomasville

The clay is plastic, very stiff and tenacious, fine grained
and contains only a small percentage of sandy impurities;
its air dried tensile strength was about 30 pounds per square
inch; air shrinkage 5.9 per cent.

Burning Tests

Cone Fire-Shrinkage Condition
03 - 71% checks badly
1 e warped and cracked
4 9.0% cracked badly
14 12.1% vitrified, warped, cracked

The burned color is from almost white to a dark leather
buff. It is very obvious that the clay could not be used alone,
on account of its warping and cracking in burning, but it
would be necessary to mix with it a sand or sandy clay.

It was unfused at cone 31, 3,182°F, and is in point of
refractoriness, a good fire-clay. The following is a chem-
ical analysis of this clay:
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Moisture at 100° C.... . ooieiiiiiiii i .865
Loss on ignition, water....................ooiiiiat, 11.910
Siliea, 810, ..ottt e e 50.480
Alumina, ALOg ...oviiiiinii ittt 31.480
Tron oxide, FEa03 oo vviininiiiiiiiiiiieinsiincanennnan 2.720
Lime, Ca0....cvvuitiniiiiiirmerieninrinunnarenannss none
Magnesia, MgO ...l .094
Soda, NasO . .oeeitiiiiiiiiiiiiiiiie ittt 045
Potash, K;O....cotiiiiiiiiiiiiiiiiiiiiiiennnnans. .216
Titanium dioxide, TiO, ......cc.cuuus ettt neannannns 2.530
Sulphur, 8 ...ttt i i it e e trace

b 0 100.340

A similar deposit of white clay was observed in a cut of
the Atlantic Coast Line Railroad at Lambville, 6 miles east of
Thomasville.



CHAPTER VII1

KAOLINS OF THE PIEDMONT REGION

The kaolins of the Piedmont region are residual in origin
and have been derived from the weathering and decomposi-
tion of pegmatite granites. That is, these kaolins occupy
the positions where they originated, or are clays formed in
situ and are thus contra-distinguished from the kaolins and
fire-clays of the Coastal Plain, which have been transported
from their places of origin and are sedimentary deposits.
The term pegmatite means coarse grained granite, composed
principally of quartz and feldspar. Throughout the Pied-
mont region of Georgia, pegmatites occur as dikes and
intrusive veins, sheets, and pockets, cutting other igneous
rocks and metamorphic schists. The dikes and veins vary
from a few inches to several feet in width, and may be
entirely disintegrated and decomposed to great depths, or
on the other hand, may be fresh and unweathered, and in
such cases when the crystallization is coarse, are possible
sources of feldspar. ‘

Very little prospecting for residual kaolins has been done
in Georgia, and there are only a few deposits known which
give promise of being of any economic importance.

~ GREENE COUNTY

There is a residual deposit of kaolin on the property of W.
S. and T. J. Hester, 4 miles northeast of Union Point. The
kaolin results from the weathering of a pegmatite dike, 15
or 20 feet in width. The dike has a northwest and south-
east direction; there is a natural exposure of the kaolin in
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a gully for a distance of 150 feet, and the dike has been
penetrated by a shaft 40 feet deep from which two drifts
have been driven longitudinally 50 feet. The depth to which
weathering has extended, has not been determinea.

A small amount of kaolin is mined here and is reported
by the owners of the property as being shipped to Providence,
R.I. It is unwashed and is hauled to Union Point by wagon.

The following is a chemical analysis of the crude kaolin:

Moisture at 100° C.uoviviiinininrinnenernneneennnnns 1.219
Loss on ignition, water.............c.civiininet, 6.224
Siliea, 810; cvviiiniiiiiiiiiiinr ittt 70.313
Alumina, ALO; ...o.viiii ittt ittt iiiieeienn 19.719
Tron oxide, Fe0p o ocvviivriniiniiiinennnsonennenns 197
Lime, Ca0 ..veeiiiiiiiiiiiiiiniinrereneeerenenenas .078
Magnesia, MO .......coiviiiiiiiiiiiiraneesannennns trace
Manganous oxide, MnO........cc.iiiiinniienennnnnen 031
Soda, Na,O .......ccovvvviiiiine vunns e trace
Potash, KyO .vviiiiiiiiiinniarneenneneeonnenennnnnn 1.683
Titanium dioxide, TiO; .......ovvueeiiniiiinennnnn, 091

Total ..ottt i et iiitiesrnnaaaees 100,155

Rational analysis:

Feldspar.............. 0.674

Quartz................ 48.047 } Sand................ 48.721

Clay substanee ............cviiiiiienereniiennnnnnnn 51.279
Total .ttt it ittt 100.000

- A sample of the crude kaolin burned white at cone 5 and
a faint cream at cone 13. It was fused at cone 30.

The sandy impurities are in a very fine state, are mainly
‘quartz and muscovite mica, and one is deceived as to the
amount of sand present.

A further exposure of residual kaolin was noted about 50
yards southeast of the shaft, but the quantity has not been
investigated, but it does not seem to be of much promise. A
short distance east, undecomposed pegmatite was found in
"sinking a well on the Thornton place.

About one mile northwest of the Hester place, there is a
natural exposure of residual kaolin on the old Tuggle place.
The kaolin is exposed along a small branch for a distance of

17
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about 100 feet. No attempt has been made to determine the
extent of the vein.

- PAULDING COUNTY

There is some prospect for residual kaolin at the old Tur-
ner mica mine, 5 miles north of Dallas. The kaolin has
resulted from the decomposition of a coarse grained felspathic
granite, consisting principally of quartz, large crystals of pot-
ash feldspar and muscovite mica. The quartz is the pre-
dominant mineral, and occurs in large masses, and might be
of some commercial value within itself; the feldspar is pure
white, and is not in all places entirely decomposed, but only
partially so, a shaft has been sunk 87 feet, and the granite
has showed decomposition to this depth; the mica occurs in
large flakes, and is remarkably clear and free from inclusions
between the laminz, but from the casnal examination made,
would seem to be rather too scattered to be mined profitably.
The kaolinized area could not be determined with much accur-
acy during the time of the writer’s inspection, but it is prob-
ably small. Altogether the prospect is favorable, though its
present distance from a railway is a great disadvantage.

PICKENS COUNTY

About 414 miles southwest of Jasper, there is an area of
diabase and pegmatite dikes cutting metamorphic schists. On
the property of Marion Davis, there is a pegmatite which
seems to be extensively kaolinized. The feldspar is a potash
feldspar, pure white in color. A pit has been sunk into the
vein, near Marion Davis’ house, to a depth of 20 feet, and
it is reported that the decomposition was as complete at this
depth as at the surface, and that there was no evidence of
the vein pinching out; the vein showed a width of about 10
feet and has an almost east-west direction.
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On the Joe Davis property, about 14 mile east of the M.
Davis place, two pits have been sunk into a vein of kaolinized
pegmatite. The feldspar is not as completely decomposed as
at the M. Davis place, and mica is more abundant.

On the adjoining property eastward, outcrops of kaolin
and feldspar are said to occur. The prospects for both kao-
lin and feldspar, in commercial quantity, in this locality, are
favorable.

OtrER LOCALITIES

During a trip through the mountainous region of North
Georgia, numerous exposures of dikes, veins, sheets and pock-
ete of kaolinized granites were observed, but until this region
is opened up by railways, any large deposifs that might occur,
are valueless.

Near Nacoochee in White county, a kaolinized granite is
-eonspicuous.

There is some probability of residual kaolins being found
in proximity to the Tallulah Falls Railroad in the northern
part of Rabun county, and also along the line of the South-
ern Railway in Banks, Stephens and Habersham counties.

In almost any county in the Piedmont region, kaolinized
granite veins may be observed, but in most instances the veins
are only a few inches or a foot or two in width. In the vicin-
ity of Atlanta, veins and pockets of kaolin can be observed,
cutting the schists in numerous cuts and excavations, but the
quantity available is nowhere great.

Some rare clay minerals allied to the kaolinite, occur
throughout the Piedmont region, but are only of mineralogi-
cal interest. A beautiful pink halloysite has been found near
Lakewood, a suburb of Atlanta. This has a waxy luster, is
brittle, breaks with a conchoidal fracture, and shows no plasti-
city. On being heated to ignition, it lost 15.43 per cent. of its
weight. )
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Some very interesting occurrences of halloysite and allied
minerals were observed near Burwell in Carroll county.
These minerals occur in thin veins of variable thickness, from
14 to 3 inches, and in color are pure white, yellow, red, brown
and green. The veins occur in a disintegrated granite, and
are horizontal, and in one instance were observed cutting at
right angles the planes of schistosity of a hornblende granite
gneiss. Some particles of quartz are associated with the
veins of halloysite, and they show slickensided surfaces. The
origin of halloysite is obscure, but it appears that it has
resulted from the alteration of the feldspar of intruded vein-
lets of igneous origin.

The greenish and yellow-green variety has a hardness of
2.5 to 3, receives a good polish, and may be a new variety,
although no chemical analyses have been made. It is infus-
ible before the blowpipe, and has a specific gravity of 2.2; it
is not porous and does not adhere to the tongue; the color
is due to iron which seems to be in chemical combination with
the aluminum silicate.

A specimen of lustrous white halloysite has been sent to
Geological Department from near Dahlonega, Lumpkin
county, but nothing is known by the writer as to its geologi-
cal occurrence.



CHAPTER IX

KAOLIN AND FIRE-CLAYS OF THE PALEOZOIC RE-
GION, OF NORTHWEST GEORGIA

The stratigraphy of the clays of this region has been
- previously discussed; the rocks consist of limestone, shales
and sandstones which range in age from Lower Cambrian to
the Coal Measures of the Carboniferous.

The kaolins and fire clays may be divided into three
classes, on a basis of mode of occurrence and origin:

1. Those clays associated with the bauxites and certain
deposits of iron ore. 2. Residual deposits, derived chiefly
from the decay of limestones. 3. Sedimentary deposits,
beds of fire clay associated with seams of coal, and certain
clay shales semi-residual in character.

The clays associated with bauxite, aluminum ore, are the
most refractory, and the purest clays will certainly be found
" to be of considerable commercial importance, although they
have been almost entirely neglected heretofore. These clays
together with very low grade bauxites, which also have a
value for fire-clay produects, occur in great abundance, assoc-
iated with the bauxite deposits of Floyd, Bartow, Polk and
Chattooga counties, and are probably closely related in origin
to the bauxites. Some of the clays tested during the pro-
gress of the work on this report, were found to approach
kaolins in chemical composition, and may have some value,
in limited quantities, for use in the manufacture of the higher
grades of pottery. Others showed a higher percentage of
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alumina than is found in kaolins, and evidently contained a
small percentage of bauxite, AL,O (OH),, which contains 73.9
per cent. of alumina, whereas kaolinite, the assumed base of
kaolins, contains only 39.8 per cent. of alumina.

The clays occur associated with the bauxites, which are -
scattered, pocket deposits more or less circular in form and
of small area, as clay ‘‘horses,’’ dikes or veins, and as great
irregular shaped masses inclosing small bodies of bauxite.
The clay is massive in structure; and does not occur in the
form of stratified deposits, but in places there is a simulation
of bedding, alternating layers of different colored clays and
of bauxite.

The contact between the clay masses and the bauxite may
be sharp, or the two may grade into each other, pure bauxite
grading into lean bauxitic clay. The clay may occur as
“‘horses’’ or dikes, cutting the ore bodies, and may be verti-
cal and have a width of a foot or two, or as much as 30 feet
and often continues to a depth of 40 or 50 feet, ‘or the clay
may occur as great masses inclosing bodies of ore, that is, it
may be a bauxitic' clay, containing scattered pisolites of
bauxite. The walls of the ore deposits may be clay and show
a dip of 25° to 45°, but as mentioned above, there is apparent
bedding in some of the pits and layers of clay and bauxite,
almost horizontal, may be superimposed upon each other.
As may be inferred from the above description, the clay and
the bauxite are intimately associated.

The origin of the clay is similar to that of the bauxite.
Dr. C. W. Hayes who made a careful study of the Georgia
and Alabama bauxites, has advanced the most satisfactory
theory of their origin.

The theory is in brief as follows: The aluminum was
derived from a great thickness of aluminous shales, underly-
ing the limestone formation in which the bauxite deposits
occur, by the action of sulphuric acid (which was formed by
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* the oxidation of pyrites occurring in the shale), which decom-
‘posed the silicates of aluminum forming alum and sulphate
of aluminum. Ascending currents, carrying these salts in
solution, reached the surface through fissures near fault lines
forming thermal springs. During their upward passage, the
" galts were decomposed by coming in contact with the lime-
stone, and finally deposited as aluminum hydroxide, in the
form of a gelatinous precipitate, at the vents of springs.

There is no evidence from field study, that the clays are
not contemporaneous with the bauxite, and a theory account-
ing for the latter must be applicable to the former. It is most
probable then, that these clays are chemical deposits.

An idea of the quantity of the clay may be obtained from
the description of the various mines. Certainly the quan-
tity at any locality is sufficient for the needs of any clay work-
ing establishment, located near the deposit or for the pur-
poses of mining and shipment to other localities. Many of
the larger pits through the Georgia bauxite region are as
much as 200 feet in diameter or length, and 30 to 80 feet in
depth. And as the light colored and mottled clays and the
lean bauxitic clays form by far the greater precentage of
the material in such pits, an idea of the quantity is readily
inferred. Asmining is at present conducted, the clay and lean
bauxitic clay are obstacles in mining, and are either left in
the pits or thrown on the dumps as waste.

These clays are of various colors, determined by the
amount .and distribution of iron oxide, white, mottled, pink,
yellow and red. The white and pink are freest from
impurities, but even the highly colored clays, when contain-
ing bauxite, are highly refractory. Some of the white clays
show a fair plasticity, but in the greater part of the clays,
there is a prevailing lack of plasticity, which is much to their
disadvantage. The air dried tensile strength is low; in none
of the samples tested by the writer, exceeding 15 pounds per
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square inch. The air shrinkage is usually low, and the fire
shrinkage high, and when burned alone, the clays crack badly,
especially the bauxitic clays. In point of refractoriness, these
clays are excelled by none in the State, and in this property
perhaps their chief value lies. Some of these clays tested in
a Deville furnace, were unfused at cone 36, 3,362°F. The
high percentage of alumina, partly bauxite, will make basic
brick, which should make such clays valuable for certain uses.
The lean bauxitic clays and the low grade bauxites would
perhaps have to be calcined (elimination of the combined
water or water of hydration) before burning.

All of the mines examined contained white clays. The
bauxite has been worked out of some, but the clays remain
as a potential source of wealth.

Some white or light colored clays are associated with
the brown iron ores of Polk, Floyd and Bartow counties.
These occur in great quantity as clay ‘‘horses,’’ irregular
humps or dikes, intersecting the iron ore deposits. They
are not as pure as the bauxite clays, and contain often a
high percentage of sand, and may contain scattered frag-
ments of chert, and siliceous iron ore. They are probably
residual in origin, being derived chiefly from the decay of
limestones and differ in origin from.the iron ores with which
they are associated. Like the bauxitic clays, they have low
air dried strength, though their plasticity is better. In point
of refractoriness, none of them are No. 1 fire-clays, and none
are sufficiently pure to be called kaolins. They offer a pos-
sibility for paving blocks and might in some instances be
suitable as an ingredient of stoneware and terra cotta mix-
tures.

The second class, the residual clays, are derived from the
decay of the Knox dolomite. These clays are white or light
colored, occur in restricted areas or pockets, and are highly
siliceous, containing coarse fragments of chert, and very fine
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sand. At no place observed by the writer during field work,
did deposits appear to be worth washing for the clay. These
deposits can be used in the manufacture of fire-brick, but the
refractoriness of such brick lies in the coarse chert and not
in the clay; the principal use of the clay is as a bond for the
chert fragments, and the product is a silica brick.

The third class mentioned, the sedimentary fire-clays, are
relatively of little importance. There are flint and plastic
clays underlying the coal beds of Dade and Walker counties,
but these do not possess high refractoriness, and so far as is
known, do not occur in great quantity, or have any special
properties which make them of commercial importance.

An altered Silurian shale occurring in Polk county, has
proved to have some value as a refractory clay.

The description of the fire-clay deposits of the Paleozoic
region, shall be taken up by counties and localities.

FLOYD COUNTY

The most valuable fire-clays of this county are the bauxite
clays. Samples for laboratory tests were collected from the
property of the Republic Mining and Manufacturing Com-
pany in the Hermitage district, from the old Watters Bank,
5 miles northeast of Rome, belonging to the National Bauxite
Company, and from the Cave Spring district and other places
in the southern part of Floyd county.

HerMmrTacE Districr.—Tests were made on a sample of
lean bauxitic clay from the ‘“103’’ mine, lot 103, 23rd district,
3rd section. This clay is soft, white or mottled and is 35 feet
‘or more in depth. It shows very poor plasticity, and low ten-
sile strength. Its air shrinkage was 2 per cent.

Burning Tests

Cone Fire-Shrinkage Condition
4, 2,210°F, 4.7% soft

13, 8,534°F. 5.5% soft and friable
86, 3,362°F. ceeee unfused :
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It shows very low fire-shrinkage, and burns white. It is
unfused at cone 36, and should be suitable for high grade fire-
brick. The only common fluxing impurity is a small percent-
age of iron.

A sample of low grade bauxite from near the old Stock-
ade Bank lot 21, 23rd district, 3rd section, tested in a Deville
furnace, was unfused at cone 36, 3,362°F. This material is
hard and iron stained, and contains a high percentage of
alumina, A1,0;, in the form of bauxite. It would probably
have to be calcined before it could be successfully burned.
Judging from the records of a number of test pits, it evidently
oceurs in large quantity.

The following is an analysis of white clay, from this same
lot, given by Dr. J. W. Spencer? in his report on the Paleozoic
Group of Georgia.

There is no record, however, of the locality on the lot,
or description of the deposit from which the sample was taken.

ALy it it it e it 38.60
Foi0; ittt e 1.45
0 0.09
NoO tiiiiiiitiineteoeenoserornensceaseessncasnsnnns 0.02
MEO . iitiireietriarneereirttranaseessiisescnonaenas 0.30
THO; «evvevereeaconensnnonosasacnsnsnsssssocsssansons 1.95
Si0; (combined) .........cviiiiiiiiiiiiiiiiiiiainnee 40.40
Si0, (free sand)......cvvvieiriniinnr e insienians 0.80
H.O (combined) ........ovvvivinierencnnaienceannns 16.35
H,O (bygroseopic) .....viueieeiiiniiiiineneinenennns 0.35
1+ 7 100.31

At the Church, Holland Hill, and Holland Spring banks,
white, lean and granular bauxitic clays occur in great quan-
tity, and have been almost valueless heretofore. The Church
bank and the Holland Spring bank have been worked to &
depth of 75 feet; more or less structureless white clay has
been encountered for the whole depth. The clays are soft,
or pinkish, and mottled, poorly plastic, and have low air

1. Geol. Surv. of Ga., 1893, p. 281.
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dried strength. A sample from the Holland Hill mine tested
for its refractoriness, was unfused at cone 36, 3,362°F,

The following analysis by Watson' of the soft, white
bauxitic clay in the Church bank will give some idea of the

character of the clay: s

710 PR 20.46
110 T 9,82
Y T 0.28
T T 46.92
H,0 85 100% C.ottnnveennieeenntnnserinenesaaeennnnn 0.34
H,O (combined) .......covviivnriniiienenenencennnnnns 21.68

0 Y N 99.50

A large percentage of the alumina of the analysis is evi-
dently derived from bauxite. It will also be noted there is
a very high percentage of titanium dioxide, 9.82 per cent.; it
is not believed that this occurs in the form of rutile, and its
fluxing effect is doubtful. Such clays should be suitable for
basic fire-brick, though they would have to be calcined.

‘Warrers Bank.—A sample was selected from the south pit
of the National Bauxite Company, located 5 miles northeast
of Rome, and about 114 miles east of Berwin Station on the
Southern Railway. Clay occurs here in great quantity, cream
color, pink, and highly colored, with more or less disseminated
bauxite.

Physical Tests on Soft Pink Clay

Color .... { faint pink when dry, cream _
........................... color when wet

Plasticity .............cooiiiiit it very little

Water for mixing.............ccc0vunnen 40%

Air shrinkage ...............ciiiinien, 5.4%

Tensile strength .............cvvvuuenne, 12 1bs. per 8q. in.

Specifle gravity .............c0iiiiien, 2.45 .

Bip:kin' - S slakes into small granules

Cone 4— .

Pire shrinkage ...........cc000vviinnns 3.8%

Color ...cooviiiniiiiiiiiiiiniinniaraaans pure white

Condition .......covvvvvinirinnninnenens cracked, very friable

Hardness ......ccooeevvvuvniinniincsness not steel hard

1, Geol. Surv. of Ga., Bulletin 11, p. 65.
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Cone 9—

Fire shrinkage ..........coiiiiiinnnn. 9.5%

L0 e pure white

Condition ....... ettt i cracked, friable

Hardness ........coovivvniiinnnnnnnn. not steel hard
Cone 11—

Fire shrinkage ................ ... oot no measurement

Color ..ot s white

Condition .....vvvviuiiiiiiiiiiieiiiean cracked to pieces
Cone 16—

Fire shrinkage ............. ...l 16.3%

Color! vttt i i slight cream

Condition ...........ccciiiiiiiiiiannn. steel hard, not vitrified
Fusion point .....vooviiiiiiiii i, unfused at cone 36

The clay is amorphous and free from pisolites of bauxite;
it is fine grained and free from sand, but not as large a per-
centage will pass a 200 mesh sieve, as in the Dry Branch clays,
because the bauxitic clay does not disintegrate as finely in
water, but crumbles into small angular lumps.

It is a very high grade clay in point of refractoriness, but
would have to be calcined before use, on account of its crack-
ing in burning.

The following is a chemical analysis of the clay:

Moisture at 100° C.i.vitiriiiiire i ittt ittt tennaanns .240
Loss on ignition, water......................oiiiill, 21.770
Siliea, 8i0; cvevveiniiiii ittt e 25.830
Alumina, ALOy ..o iviiiiii ittt e 48.220
Ferric oxide, Fe,0g . cvvvviiinnrviniieneriiananennnns .850
Manganous oxide, MnO ...........coviiiinia.., .000
Lime, CaO ...ttt e eieiiaa, .000
Magnesia, MO ... ..vviiiiiiiiriiineriiniseerannnn 181
Sodium oxide, Na,O....covviiiiiiiiiiiiineenniinnnn. .148
Potassium oxide, K,O.vviniiiiiniiinnenennnanns - 194
Titanium dioxide, TiO; «..vvvirviiii i, 2.530
Sulphur, ... i e e, 000
Phosphorus pentoxide, PyOs . .ovvvnniiiiinnn..., .000

4 7 99.963

Rational analysis:

Feldspar......ccuvuvee .56

Ao A o § 880 et 62

Clay substanee ...........coceeeiiiiiaiennnnnnnnna... 99.38
b+ 7 ) 100.00

1. The sample was burned in the open furnace and exposed to oxidizing
conditions.
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The high percentages of water and alumina, Al,O, are
due to the large amount of bauxite which the clay contains.

The following are partial analyses by Dr. T. L. Watson?! of
clay from the ‘‘horses’’ at the Maddox bank, lot 138, 23rd
district 3rd section.

North Pit South Pit
AlOs vivieveneanns 40.60 46.33 45,05 .
Fe,0 vvivvievnnnnn .99
Insol. matter...... 43.30 43.75 37.42 31.80 38.80

‘Wear Mine—A sample of white clay was obtained from
the old Wear mine about 114 miles southwest of Reesburg,
and near the old Minter mines.

Physical Tests

Plasticity fair; tensile strength very low; air shrinkage
3.5 per cent.; burned color, white, up to cone 15.

Cone Fire-Shrinkage Condition
4 6.6% soft, cracked
15 14.8% cracked

The following is a chemical analysis of white clay from
the Wear mine:

Moisture at 100° C.ovivrrintniiieniinetiaeneenens 0.291
Loss on ignition, water.............covviiiiiiiiinnn. 16.599
Siliea, BI0; v .ivriiiriiii ittt ittt it i 37.060
Aluming, ALOg ..vvviiiiiiiiiiiiiiiiiii it intneieaes 40.272
Ferric oxide, Fe,03 «cvvviiviiniiiiiiiiiiiiniiiiinnns 1.568
Lime, Ca0 ...iviiiiiniieriiinniiiiineirtaiieniannes trace .
Magnesia, MgO .....coviiiiiiiiiiiiiiriiennnennnes .182
Sodium oxide, Na,0...ovvviinnneriiiiieeiiiiinenanns 106
Potassium oxide, K,O.....ccoiiiiiiiiiiiiiinineennns 151
Titanium dioxide, TiO,. ..o vvvririniriiiienereinns 3.680
Total ..ottt ittt eireiieeaaaaanaan 99.909
Amounts insoluble in sulphuric acid:
- X O . 090
Ferric oxide .......cveiiiiiiiinerinrninnanseacnssons P
Lime ....oiiiinrnnnnrencnonnnaeanns e ee e seaaeaaeas
Magnesia ......coiiiiiiiiiiitnita ittt iaeaeas ceee
Sodium 0Xide ....oviiieiriii ittt i trace
Potassium oxide .......ccvviiiiiiiiieiiiiiiiiieiana trace

Boso Baxk.—The following is an analysis? of a pure

1. Ga. Geol. Surv. Bulletin 11, p. 72,
2. 2. T. L. Watson, Geol. Surv. Ga., Bulletin 11, p. 97.
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white clay from the Bobo bauxite pit, on lo¢ 534, 3rd district,
4th section.

L 43.31
L0 PPN none
B none
7 0 43.08
HoOat 100% Cuvtrnniniiiieerneeerccnsassetnnsseennnes 43
H,O (combined) ......covvviniiinnnnnnnnenennnns 1412

Total oovviiiinine e areennennreeasecneaaennne +...100.94

Such a clay as this would burn pure white at any tem-
perature, and its fusing point would be expected to be above
cone 36.

Cave Serine.—Samples of bauxite clays were collected and
tested in the laboratory of the Survey, from the Hampton
and Reese mines, located respectively 3 miles south and 2
miles southeast of Cave Spring. These mines are the prop-
erty of the National Bauxite Company. At the Hampton
mine, white and pink clays approaching kaolins in chemical
composition, are intimately associated with the bauxite. At
the time of my visit, the mine had just been opened up, and
no large exposures could be seen, though doubtless these clays
will be found in great quantity.

Fig. 9.—Sketch Showing Relation of White Clay to Bauxite, in one of the
Bauxite Mines of Northwest Georgia; the White Clay being Repre-
sented by the broken Horizontal Lines and the Bauxite by Dots.

Tests on Hampton Mine Clay

The clay is a beautiful pink in color, soft, fine grained
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but of only medium plasticity, although it is not mealy as are
-gsome of the lean bauxitic clays from other localities. Its
tensile strength is low; air shrinkage 2.8 per cent.

Burning Tests

Cone Fire-Shrinkage. Color Condition.
5 o white checked
8 10.8% white eracked
11 12.9% white cracked
15 - . dull white cracked badly

Burned at cone 5 and glazed, it showed no color. It was
unfused at cone 32, 3,218°F., and will probably stand a much
higher temperature.

The following is a chemical analysis of a pink clay from
the Hampton mine:

Moisture at 100° C...oiiiiiiii it 27
Loss on ignition..........oovviiiiiiiiiiiiiiiei e, 13.76
1 1. Y N 44.23
8 38.95
Ferric oxide ......vvvriiiiiiiiiiiiiiiieiiriranieeaas 93
Lime .......... et it ee e e e © .00
' Magnesia ..ooovviiiiiiiiiie i i i e 07
Sodium 0Xide ....vvhii i e i i e .01
Potassium oxide ...........coiiiiiiiiiii e A1
Titanium dioxide .........ccviiiiiiiiiiiiiiiiiiii. 1.84
Sulphur ...t et eea .00
Phosphorus pentoxide ...........c.ciiiiiiiiiiiiian, .00
Total ..ovivnnniiiiiii i iiiiiiiiiiierananesaannns 100.17
Rational analysis:
Foldspar........covuve .85
Qaaeba o9 §SEmd L 85
Clay substance..........coovvvenniiiiiiiiinnnannnannn 99.15
b 0 100.00

Tests on Reese Mine Clay

This is a fine grained cream colored clay, containing a
small amount of sand. It has medium plasticity and low ten-
sile strength; its air shrinkage is 3 per cent.

Burning Tests

Cone Fire Shrinkage Color Condition
5 7.7% white friable
8 9.9% white friable
with black specks
18 11.1% eream friable
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“The clay is unfused at cone 33, 3,254°F., and will probably
stand cone 36. It does not burn to a dense body, except at
very high temperatures, and it would probably be necessary
to mix a dense burning clay with it.

The following is a chemical analysis of the Reese mine
clay:

Moisture at 100° C........oviviiiiiiiiiiieiiieinenes 2.174
Loss on ignition.......covviviiiiiiiiiiiiiiinnn.., 13.657
Silica .ottt i i i i e e 43.350
Alumina ...ttt i e i c i 38.055
Foerric oxide ...ccvvvviriiiiiiiiiiiniiinienenennaanas 845
Manganous oxide ........c.iiiiiiiiiiiiiiiiiiiia., trace
TAme toiitiiii it i e it e et et eeaes .000
Magnesia .......c.cooiniiiiiiiiiiiiiiii e .000
Sodium oxide .......iiiiiiiiier ciiiiie i trace
Potassium oxide ........coiiiiiiiiiiiiiiii i trace
Sulphur ...ttt i i i e e .000
Phosphorus pentoxide ............... ..ol trace
Titanium dioxide ............ovveiiiiiiiiiiiiiiiin, 1.950

B4 7 N 100.031

In all of the bauxite mines of the county visited by the
writer, bauxitic clays suitable for refractory purposes occur-
red in abundance. At many, all of the high grade bauxite
has been worked out, and the pits abandoned. The clay, how-
ever still remains a possible source of value. The location
of the bauxite workings may be seen by reference to map
opposite page 16, Bulletin 11, Ga. Geol. Surv.

BARTOW COUNTY

Some highly refractory bauxitic clays occur in the north-
western part of this county.

Juria Mines.—The Julia mines are located one and ome
fourth miles southwest of Barnsley on lot 117 16th district,
3rd section, Bartow county, and are the property of the
Republic Mining and Manufacturing Company. The work-
ings here are quite large, and a great amount of clay could
be secured without much difficulty. At the time of my visit,
40 feet of clay with pockets of bauxite, could be seen in thp
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PROSPECTING A DEPOSIT OF SEDIMENTARY KAOLIN, CENTRAL GEORGIA.
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west side of the pit. The clay here does not seem to be as
pure, however, as at some other localities.

Tests on the Julia Clay

The clay is a pink in color; has very little plasticity and
low tensile strength. Its air shrinkage was 4.7 per cent. Its
fusing point is near cone 36, 3,362°F.

Burning Tests

Cone Fire-Shrinkage Color: ,
4 14.3% eream with iron specks
8 14.6% cream with metallic specks

Unless carefully burned, it cracks badly. Examined
under the microscope, it was composed of white, flaky bunches
of clay, angular particles of quartz, and scattered iron oxide
grains. No other minerals were recognizable, although there
are some minute flakes which may be mica. No titanium bear-
ing mineral could be recognized, although as will be seen by
the accompanying analysis, the clay contains, 2.206 per cent.
of TiO,. The titanium dioxide is probably in eombination
with the bauxite or the aluminum silicate, and its presence
is thus connected with the origin of the clays.

The following is a chemical analysis of the Julia clay:

Moisture at 100° C......coiiiiiiiiiiiiiiiiiineeunnns 0.407
Loss ondgnition............cooi il 13.819
15515 1Y YR PP 43.772
Aluming .....ooiiinieirriiiireriatsioiiencesaess.es 38,726
Forric 0Xide. .. .ovvnnvrineiienineiernrensscnaannns 1,119
7 T T Y .020
Magnesia .....coovvieieieinieiiierinininrcneniienas .038
Sodium oxide ........cciiiiiiiiiiii ittt .168
Potassium oxide .........iviiiiiiiiiiiiiiiiaieaaas 077
Titanium dioxide .....coivveiiiiinnernirinineiennns 2.206
Sulphur ... it ie i e .010
Phosphorus pentoxide ........ccciiiiiiiiiiiiiiiiaas none
b 0 % e 100.362
Amounts insoluble in suphuric acid.
O AIIMINA L. et e re e .082
Forric 0xide ......covveerinieerenennernniensorannone .048
L L S trace
Magnesia ....oovvieeenniineeeninanietoieisnnnans trace
Sodium oxide ............... e eereesereteae st .036
Potassium ........cciiveiiiiieiiiiiiiiiiiiiiiiaaas none

18
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Rational analysis:

Feldspar........ccoeese 0.512
QUATEZ... ' e rrenranees 4.607 ‘ Sand............... 5.119
Clay substance.......covueeiiniviettninerenunonnns 94.881

100.000

Sueeer Mine.—This mine is located about 3 miles south of
Adairsville, on lot 22, 16th district, 3rd section. As much as
- 25 feet of white clay was exposed here at the time of my visit,
and a shaft in the bottom of the pit 15 feet deeper, showed
bauxitic clay. There are small veins of remarkably pure,
lustrous white kaolin, and an occurrence of halloysite was
also noted.

Bauxitic clays were noted as occurring at the old Mary and
Connesenna mines, and halloysite was abundant at the former
place. The clays are white and varicolored.

Horr Mine.—The following analysis is given by Watson!
of a soft bauxitic clay from the Holt mine, lot 65, 16th dis-
trict, 3rd section.

15 07O 40.16
O, v ittt ieteeen et eeneenneasarenanansmensennnnn 9.25
B 0 it et i e e e trace
ALt e e e e e e 35.80
H,0 at 100° C..ovtiii ittt it e ieeaaenaannn 50
H,0 (combined) ......o.ooviiiiniiiii i 15.05

Total ...t e e 100.76

The analysis indicates a very highly refractory, white
burning clay. '

POLK COUNTY

There are both bauxite and iron ore clays in this county.
Bauxitic clays occur in great abundance in the pits in the
northern part of the county adjacent to the Floyd county
deposits, and will probably be found to have similar proper-
ties to those deposits.

1. Geol. Surv. Ga. Bulletin 11, p. 83.
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The following is an analysis of a clay sent to the Geological
Department by Mr. H. N. Van Devander of Cedartown, and
reported as occurring 114 miles north of Esom Hill on the
Love place.

< 210 S e 0.54
TEoition ...ovvirintii e e 14.08
IO, v i P 44.66
ALOs v 38.49
05 v veet et e e e e 54
MDO .ottt 25
15 AR 1.49

Total oot 100.05

The analysis indicates a clay of hi(gh refractoriness, and
it would probably be best suited for fire-clay purposes;
the percentage of free silica or sand is quite small. The
small sample examined, showed poor plasticity, and would
require being mixed with a stronger clay. '

‘White or varicolored clays are found in most of the iron
mines of the county, but these clays do not approach in purity
and refractoriness the bauxitic clays of the Paleozoic area.

OremonT.—The white clays found in the iron ore pits at
this place, are usually lean or sandy. Clay free from iron
ore and siliceous fragments occurs in great quantity, and
could be easily mined in connection with the iron ore. The
clays are probably residual in origin. ’

A sample selected from the main workings, was tested in
the laboratory with the following results:

Physical Tests

Plasticity poor; tensile strength 17 pounds per square inch
air shrinkage 3.7 per cent. Its drying qualities are good.
Under the microscope, it was seen to consist of angular quartz
grains of variable size, abundant flakes of mica, probably
muscovite, and aggregates of clay particles. Iron oxide
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occurred as a yellow and red coating over the quartz and
clay particles.

Cone Fire-Shrinkage Condition
4 11.1% vitrified
15 11.4% vitrified, warped

Burning Tests

It was melted into a glass at cone 28, and its fusing point
is probably much lower. In point of refractoriness, it is at
best only a low grade fire clay. The writer suggests that
there is a possibility of making paving blocks from this clay
alone, or of this clay and the nearby shales, and it might
also be used in terra cotta and stoneware mixtures. It burns
to a dark buff color. Its defect is poor plasticity and dried
strength.

The following is a chemical analysis of this clay:

Moisture at 100° C....... ..., 0.608
Loss on ignition, water.............................. 5.307
Siliea, 810, ........... 0L O 58.880
(Band . .viiii i e e e 27.020)
Aliming, ALLOs ...oovvvviiiiiiiii i 24.730
Ferric 0xido Fe,05 o . vvvviniineeiiiii i iierennennan 2.720
Manganous oxide, MnO............ooiiiniiiiinn.. trace
Lime, CaO ....coiviiiiiiiiiiiiiiii i trace
Magnesia, MgO .......ooviii i e 0.404
Soda, Na,O ..ottt i i 1.138
Potash, K,O ... i 5.011
Titanium dioxide, TiO; «..vvvvviiiiniini i, 1.380
Phosphorus pentoxide, P,Os .....coovviiiiiiiiiil, .240
Total ...oviiii i i i i e s 100.418

Er~a.—White and lavender colored clays are found in the
iron ore pits of the Etna Furnace Company property, but
in the workings examined, did not seem to be in as great
quantity as at Oremont. The clay will be found similar in
its properties to that at Oremont; it is white, yellow or pur-
plish in color, very siliceous, and contains scattered fragments
of chert, and iron ore; some has a grained or woody struec-
ture, and has the appearance of having resulted from the
decomposition of rock in situ.
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Grapv.—This place is located 6 miles east of Cedartown
on the Seaboard Air Line Railroad. Clays occur in the iron
ore pits of the Alabama and Georgia Iron Company. The
clays are red, yellow, white and variegated, and occur in great
quantities. The excavations here are extensive, covering 10
to 15 acres and the pits are from 20 to 60 feet in depth; clay
occurs in all of the pits, but varies greatly in color, and
different colors are intermingled.

‘White clay occurs in ‘‘horses,’” and in places and in small
quantity seems to be quite pure, but the greater part is very
siliceous and stained by iron. It could be mined with but
little difficulty. .

A sample of the variegated clay was tested in the labora-
tory. It showed fair plasticity, a low air shrinkage, 2.2 per
cent., and a low tensile strength, not exceeding 10 or 15
pounds per square inch. It burned to a dense body, brown
color, and without warping or cracking; it showed complete
vitrification at cone 4, and above this temperature would
probably blister and warp. These clays might be used in
stoneware or terra cotta mixtures, because of their dense
burning qualities, and low vitrifying points, but are not high-
grade fire-clays. So far as the writer is aware no attempt,
at all, has been made to use them commercially, and they
are at present simply an obstacle in mining the iron ores.

The following analysis is given by Spencer! as being a

type of the clay ‘‘horses’’ at Grady at the time of his examina-
tion:

Aluming ......vviivininiiiniiii ittt 15.41
Poerric oxide.....ovviiiiiiiiiiiii e 6.06
] 7 - | 4.55
50 P U 34
Lime «.oovvviiiiiiennen, P ebee et .00
Magnesifh ..o...ciiiiieeiiiiirtretinersectitiiacronons 1.29
Titanie 8€id «...oiviiiiii it i i e 135
Silica (combined) ......ciitiiiiiiiiiiniereieraaaaann 20.10
Silica (freesand) .......ciiriiaiiiiioiiiiiiiias 46.10
Water (combined) ......cccviiriiiiiiiiiiiiiiiiianes 4.70
Water (hygroscopic) .......ccieecveieniiinsnnnnninns .20

TOtAl v oiviireereeoansuenressnaosssassososseennns 100.10

1. Geol. Surv. Ga., Paleozoic Group, p. 281,
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The above analysis shows 12.24 per cent. of fluxing impuri-
ties, and it would be expected that such a clay would have a
very low fusing point. White clays can be found with a much
smaller percentage of iron, though none are kaolins or No.
1 fire-clays.

CeparTowN.—Clays occur in great abundance in the iron
mines west of Cedartown. They are varicolored, red, yel-
low white and purplish; the white are very siliceous, and are
not uniform in color or composition. They may overlie or
underlie the iron ore and have iron seams through them.
None are high-grade fire-clays or kaolins. A sample of white
and yellow clay from the Woodstock mine was tested in the
laboratory with the following results:

It worked into a bright yellow plastic mass with an air
shrinkage of 5 per cent.; its tensile strength was low, not
exceeding 15 pounds per square inch. At cone 1, it was
semi-vitreous and showed a fire shrinkage of 10.1 per cent.;
it burned without warping or cracking to a dark chocolate
color. There is a possibility of making vitrified brick from
this clay. These clays might also be used for common build-
ing brick, though their low air dried strength would be a
serious disadvantage. White and variegated clays occur in
great abundance at the Ledbetter mines, 114 miles west of
Cedartown. ’

Aracon.—There is a white clay shale on the property of
F. M. Randall, about one mile north of Aragon on the South-
ern Railway. This seems to be an isolated deposit of Silu-
rian shale, which has been altered by weathering agencies
until it is semi-residual in character, yet preserves to some
extent, its original structure. The clay lies in the top of
a small knob or hill; and is probably limited in its area to
this small hill. A small pit has been opened up, exposing
8 to 10 feet of clay with little or no overburden; the depth
‘to which the clay extends has not been determined; chert
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and limestone are exposed on the slopes of the hill, and prob-
ably underlie the shale. The clay is white to lavender in
color, very fine grained, and minutely jointed. lts white
color is probably due to a leaching out of the iron originally
in the shale. The sand or grit in the clay is in a very fine
state and can scarcely be detected by the sense of touch;
though it forms a much larger percentage of the clay than
is apparent from a macroscopic examination.

Small amounts of this clay are being shipped for terra
cotta and stoneware uses.

The following are physical tests upon a sample of the
lighter colored clay:

Color ......oiiiiiiiiii L, ... white when dry
Slaking ...... ... .o . slakes very slowly
Hardness ...........ciiiiiiiiiinannan semi-hard to soft
Texture ............. ... i, very fine grained
Plasticity ......... ..o, medium
Tensile strength ....................... 10 Ibs. per 8q. inch
Water required for mixing............... 37%
Air-shrinkage ............ ... c0uenin. 2.7%
Cone 01—
ColoT ittt e white
Condition ............. e soft, porous
Cone 4—
Fire-shrinkage ....................oo.. 12.9%
Color ...t e dull gray
Condition .........covieiiiiiiiiianin.,. near vitrification
Absorption .......... ... ..ol 4%
Cone 9—
Fire-shrinkage ............... ... ciinnn 12.5%
Color ...t gray
Condition ......... ... i, complete vitrification
Fusing point ......... ... ... . L, cone 27 and lower

This clay is very suitable for stoneware and terra cotta
mixtures, because it burns to a light color and to a dense
body at low temperatures, without warping or cracking. Its
very low air dried strength is its greatest disadvantage. It
is not a high grade fire-clay, being much inferior in refractori-
ness to the fire-clays of the Fall Line and to the bauxite clays.

WALKER COUNTY

Residual cherty clays occur in large quantities derived
from the decay of the Knox dolomite formation, and are
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used at one point for the manufacture of fire-brick. The
cherty material contaihing a small amount of clay, is also
used extensively for road material. Some low grade fire-clay
is associated with the coal in the northwestern part of the
county.

Mission Ripge.—The Mission Ridge Fire Brick Company
operates a brick plant at this place, located on the Central
of Georgia Railway, 8 miles south of Chattanooga, Tenn.
The clay used, is a cherty, residual clay derived from the Knox
dolomite. The main clay pit, located about 14 mile west of
the plant, shows a heterogeneous mass of chert and colored
clays, with no sort of stratification or arrangement of mater-
ial. The clays are white, drab, yellow and purplish and may
be segregated in pockets; the chert varies from minute grains
to angular fragments, 2 feet in length, and forms 80 to 90
per cent. of the material in the pit.

This coarse material or gannister does not itself contain
sufficient clay to bind the mass together, and is hauled to
the plant, and mixed with about one third of a residual plas-
tic clay, occurring near the plant. The pit is about 30 feet
deep ; but weathering has probably extended to a depth of 75
or 100 feet in this vicinity. The colored plastic clay, men-
tioned above, is also a pocket of residual clay freer from
chert than that in the main pit.

In the manufacture of the brick, the:clays are first dried
and then run through a dry pan crusher, and thence tempered
in a wet pan. The clay is run through a stiff mud machine
and repressed. The chert fragments are purposely left
quite coarse. The brick have a very low air dried strength.
According to the superintendent of the plant, the brick are
burned to cone 2. In the process of burning the chert, par-
ticles are unaltered and are only loosely bound together by
the burned clay, so that the brick are rather soft and friable.
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GENERAL VIEW OF THE FALL LiNE, OPPOSITE COoLUMBUS, GEORGIA, SHOWING RECENT EROSION.
THE UPTURNED CRYSTALLINE ROCKS ARE OVERLAIN BY THE CRETACEOUS AND COLUMBIA IORMATIONS.
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" The refractory qualities of the brick are due to the chert and
not to the clay.
" A sample of the No. 1 fire clay was obtained for labora-
tory tests. The clay showed very poor plasticity, tensile
strength not exceeding 15 pounds per square inch; air shrink-
age, very low, 2.6 per cent. At cone 4, it showed a fire shrink-
age of only 1 per cent. and was quite porous; at cone 12, it
burned to a good hardness and showed a shrinkage of 5.5 per
cent. At cone 30, 3,146° F., it was melted into a glass.
It does not.crack or warp in burning. The above tests were
made upon a sample ground fo pass a 40 mesh sieve; the
coarse clay actually used, shows scarcely any air-shrinkage,
and the shrinkage is less than the figures given above. The
melting point of the mixture is lowered somewhat from the
fact that the grains of chert are much finer, and chemical
action between them and the fluxes takes place more readily.
The following is a chemical analysis of the No. 1 fire-
clay used in the above tests:
Moisture at 100° C...oooviin ittt ittt iiienaans 0.344

Loss om ignition............oiiiiii it 3.162
£ T A 85.000
Alumina ........c il i PN 9.722
Ferric oxide .......covvviiiiiiien, e 1.352
175 0T e trace
Magnesia ......ccoevmieiriiniiiiiiiiriiiiiieiiiiaas .000
Manganous oxide .............. ...l trace
Sodium oxide ........cciiiiiiiiiii i it trace
Potassivm oxide .......... ... i iiiiiiiiiiin i 443
Titapium dioxide ........... .o, 276
Sulphur ... it i e e e .000
Phosphorus pentoxide ............. ...l .000

L0 7 N 100.299

OtaER Locaurries.—About one-half mile south of Mission
Ridge there is a pit from which road material has been mined.
There is less clay here, than in the pits of the Mission Ridge
Brick Company, but the material might nevertheless, be

utilized for refractory purposes; its fusing point will be
slightly less than that of the ehert. There are a number of
other residual chert localities in the vicinity.
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Residual chert and clay or gannister are abundant in the
ridges of Knox dolomite near Lafayette. This material is
used for roads and walks, but where plastic white clays occur
in large quantity, it may be of some value for refractory
purposes. ‘

At the old bauxite mine near Harrisburg, on the Chatta-
nooga Southern Railroad, in the southern part of Walker
county, a lean siliceous clay occurs in great quantity, and may
be of some value for refractory purposes. .

Durram.—A sample of clay underlying the coal at the
Durham Coal and Coke Company’s mines on Lookout Moun-
tain, was tested for its refractoriness. In other States the
fire clays of the coal measures have proved to be of great eco-
nomic value, but in Georgia these clays are of little promise
on account of their small thickness, inaccessibility, and doubt-
ful high refractoriness. The sample tested, was completely
fused at cone 21, 2,822° F., and can hardly be considered a
fire-clay at all. The sample probably did not represent the
best clay, but on the whole, the clays do not seem to be of
any considerable commercial importance. The clays are
indurated or semi-indurated, and about 2 feet in thickness.

Thin beds of fire-clay underlie the coal seams of Pigeon
Mountain, but they have not been investigated. Their inac-
cessibility and doubtful refractoriness make them of little
importance. .

CHATTOOGA COUNTY

SumMERVILLE.—White and pink soft, plastic, bauxitic
clays occur in the Taylor bauxite mine near Summerville.
An auger boring showed forty feet of clay. A sample tested
in the laboratory was unfused at cone 33, 3,254° F., and has
therefore, a very high refractoriness. It burns white to
cream color, has a high fire shrinkage, and when burned
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alone cracked badly. The clay occurs in large quantity, is
accessible, and should be of value for refractory purposes.

Cherty, residual clays similar to those being used at Mis-
sion Ridge, are found in the ridges of Knox dolomite, and
may be of some value for refractory purposes. A large
gravel pit, located about one mile south of Summerville on
the Central of Georgia Railroad, contains pockets of yellow
and white plastic clay, and may be of some value for fire-
brick as well as for road material.

DADE COUNTY

No deposits of fire-clay or kaolin of much commercial
importance have been developed in this county.

There are some interesting oéeurrences of halloysite, and
there is a probability of cherty, residual clays similar to that
at Kaolin, Alabama, being found near the base of the Fort
Payne formation. Beds of ‘‘fire-clay’”’ have been noted
beneath the coal seams in the west side of Lookout Mountain
and in Sand or Raccoon Mountain, but their refractory qual-
ities have not been investigated, the beds rarely exceed two
feet in thickness.

Rising Fawn.—A deposit of halloysite occurs about one
mile south of Rising Fawn; the deposit lies near the base of
the Fort Payne formation, (Carboniferous), well up in a hill
on the west side of the railroad. A small amount of this
material was mined 15 or 18 years ago, but it is not known
to what use it was put. The halloysite is milky white, cream
colored and yellow; the white variety is translucent on edges;
it breaks with a smooth, conchoidal fracture and is too hard
to be scratched with the finger nail. The specific gravity of
the yellow variety is 2.26. The milk white variety is referred
to by Dana? as glossecollite. I was unable to get any accurate

1. System of Mineralogy, 1893.
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information about the thickness-of the deposit, but it is prob-
ably not more than a foot or two. -The halloysite is asso-
ciated with a residual cherty clay, and was probably derived
from kaolin, which itself resulted from the decomposition of
the cherty limestone of the Fort Payne formation. The change
might have been effected by acidulated waters, which altered
the kaolin into a gelatinous or colloidal form.

A similar occurrence is also reported on the old Nesbit
farm, southwest of Rising Fawn, and is said to have been
mined about 20 years ago, and the product shipped to Phila-
delphia, where it was used as a food adulterant. On visiting
the property, I was unable to find the deposit, and have no
information as to its extent.

The following analysis given by Spencer,! is probably
of the halloysite from this locality:

Aluming ...ttt i i i it i e e ittt 30.76
Ferric oxide ....ocviiiiniiiinr ittt iiinnaneanaans 36
51T N 45.15
B 73 N 23.55

Total ..ottt ittt ittt en e ereneantrarnnan 99.82

TreNTON.—There is a deposit of halloysite on the prop-
erty of L. W. McLean, lot 219, 10th district, which seems to
lie in the same geological position as that at Rising Fawn,
viz., near the base of the Fort Payne formation, and immedi-
ately above the Devonian black shale. The only specimen
that I was able to obtain, was deeply colored red by iron oxide.
The following is a chemical analysis of this red variety:

Moisture at 100° C...oviiiiiir ittt iiiiritinnnnennn 4,993
Loss on ignition ...t 13,409
151 ST 39.960
Aluming ............. e et ariere e 33.802
Ferric oxide ........cciiiiiiiiiiiirnneeennrannnnans 7.995
7 - 014
Magnesia ........ciiiiiiiiii i i trace
Titanic 0xide .......c.ooviiiiiieienneinnrnennnennn. .042
s 7 100.215

1, Geol. Surv. Ga., Paleozoic Group, p. 212.
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In view of the fact that similar deposits may be found in
(eorgia, the following tests! on the fire-clay which is at pres-
ent being mined at Kaolin, Ala., about 4 miles from the Geor-
gia-Alabama State line, are given. The tests on the first
grade of fire-clay are:

““At 2,100° F. the clay burns Whlte at 2,300° F. it is whitfe
with a slight tinge of yellow, and at 2,350° F. it is the same
with the total shrinkage amounting to only 4 per cent. Incip-
ient fusion occurs at 2,400° F. and at cone 27 in the Deville
furnace, the clay vitrified.

‘‘The tensile strength is very low, not over 5 or 6 lbs. per
square inch.”’

1. Alabama Geol. Surv. Bulletin No. 6, H Ries.



CHAPTER X

BUILDING BRICK, SEWER PIPE, ROOFING TILE,
TERRA COTTA, AND COMMON POTTERY
CLAYS

Clays suitable for use in the manufacture of any of the
common clay wares, occur in abundance throughout the State,
and are not, as in the case of the kaolins and fire-clays, con-
fined to certain belts or geological horizons, but are widely
distributed. The principal clay industry of the State is in
the manufacture of common building brick; there are four
sewer pipe and drain-tile plants; one roofing-tile plant, one
terra cotta company and two companies manufacturing dry
pressed brick. The common pottery industry is small, con-
fined mainly to jugs, and will probably continue so, not from
lack of suitable clays, but because of an unfavorable market.
There is no reason why all of the pressed brick and orna-
mental building brick used in the State should not be manu-
factured in the State; there is also room for expansion in the
manufacture of sewer pipe and drain-tile, and it is believed
that excellent roofing-tile clays, other than the one deposit
now worked, may be found.

In the following descriptions it is the aim of the writer to
give attention to the geological distribution of clay deposits
and to their probable commercial value, and detailed descrip-
tions of individual plants are purposely omitted, as not being
within the province of this report.

The descriptions are taken up by counties and localities;
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some of the counties of the State are omitted, since their clay
deposits are of such little or no economic importance.

APPLING COUNTY

There are no clay industries nor developed clay deposits
in this county. The county is underlain entirely with the
Altamaha formation, which consists of sand, sandstone, and
sandy clays; the clays are fine grained, very plastic, and have
high shrinkage. By mixing with the proper proportion of
sand, they can be used for common building brick; they are
not especially adaptable for brick purposes and their value
will be in local use.

It is quite probable that excellent alluvial clays will be
found along the Altamaha River, which forms the northern
boundary of the county, but no prospecting has been done
and the region is at present so remote from transportation
lines, that clay, if found, would have liftle or no value.

BALDWIN COUNTY

Alluvial clays occur in the second bottom of the Oconee
‘River, and are suitable for a variety of purposes. Red resi-
dual clays, derived from the decay of the crystalline rocks to
the north of the Fall Line, occur in great thickness, but alone,
are usually of poor quality for brick purposes on account of
the high percentage of sand and undecomposed rock frag-
ments, which they contain.

MmrepeEviLLE—Mr. J. W. McMillan manufactures com-
mon and repressed building brick, side walk paving blocks
and fire-brick. The clay used is alluvium from the second
bottom of the Oconee River, together with small amounts of
residual clay occurring near the plant, and fire-clay from
Carr’s Station, 12 miles northeast of Milledgeville.

The alluvial clay is variable in thickness and texture. In
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the McMillan clay pit there may be seen as much as 10 to 12
feet of brown, sandy clay containing small iron oxide concre-
tions; this upper clay is underlain by 3 or 4 up to 10 or 12 feet
of blue, fine grained, very plastic clay; this clay is underlain
by water bearing sand. The overburden amounts to practi-
cally nothing, and the clays are free from pebbles. The accu-
mulation of water in the pits is the principal difficulty in min-
ing; the clay is excavated from separate pits, the water being
kept out of the pit in which work is being carried on, by clay
partitions between it and other pits. '

The brown clay may be as much as 75 per cent. sand and is
considered too ‘‘short’’ for use alone, and is mixed with the
more plastic blue clay. This blue clay is fine grained, very
plastic and dense burning and has been used successfully for
common earthenware. It is mixed with the sandy brown
alluvinm and a red residual clay for common building brick,
and with the fire-clay from Carr’s Station for fire-brick. A
good grade of common building brick is made.

Stevens Brothers and Company own a pit a short distance
north of the McMillan pit, from which clay is mined and ship-
ped to their plant at Stevens Pottery for the manufacture of
sewer pipe. The clay is similar to that in the McMillan pit.

A sample of the better quality of red residual clay from a
pit owned by J. W. McMillan gave the following results in
the laboratory :

Coarse grained and sandy; when ground to pass a 40 mesh
sieve, plasticity, poor; air shrinkage, average, 6.7 per cent.;
tensile strength, 100 pounds per square inch.

Burning Tests

Cone ......ceo0vvnn 05 01 5
Fire-shrinkage ....... 1.7% 4.4% 8.7%
Color ............ light red red dark red
Condition ........ soft fair hardness vitrified

The clay has good drying qualities and shows no tendency
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to crack or warp in burning. The principal disadvantage is
its poor plasticity, i. e., it is too ‘‘short’’ to work well.

BANKS COUNTY

No clays of value have been developed in Banks. county,
although brick clays suitable for local use may be found. The
county lies within the Piedmont region and the rocks are
hornblende and mica schists and granite gneisses. Plastic,
alluvial clays occur along the small streams and may be of
value for common building brick and pottery, but are not
extensive deposits.

BARTOW COUNTY

The fire-clays of this county have been previously dis-
cussed and the shales will be considered in another chapter.
The brick and pottery clays are alluvial and residual. Allu-
vial clays 5 to 15 feet in thickness occur in the flood plain of
the Etowah River and are suitable for common building brick.
Residual clays occur to great depths, but are generally quite
sandy or contain fragments of undecomposed rocks, which
greatly detract from their value for brick purposes. The res-
idual clay of the Conasauga shale formatlon can in places be
used for common building brick. :

CarrersviLLE.—The clay pit of the Cartersville Brick Com-
pany was examined. This company manufactures common
building brick from the alluvium of the Etowah River. The

clay is worked to a depth of 5 feet, is red and yellow in color,
~ and the upper part is quite sandy and contains quartz pebbles.
The brick made from this clay are quite porous, unless burned
very hard, and are often cracked by the pebbles.

It is reported that 10 feet of bluish, more plastic clay
underlies the upper 5 feet of sandy clay; it is probable that
a better brick could be made by a mixture of the two clays.

19



290 THE CLAY DEPOSITS OF GEORGIA

The upper clay is not suitable for any other use than common
building brick.

‘The following is an analysis! of the Etowah alluvium at
Cartersville:

Biliea ... i i et i it aa s 69.18
ATUIMING . oivt ittt ittt ritiasoeanraonernnnn 15.43
Ferric oxide .......covviiiiiiiiiiiiniriiiineennonamne 5.83
75 T A 0.00
Magnesia ........iiiiiiii i e i i, 0.71
Potash ...ttt i it i et i 1.83
I T e 0.15
Water (hygroscopic) .......coiviiiiiiiiiiiiiiiiiin, 0.22
Water (ecombined) ............ ..l 6.61

b 0] 17 99.96

The following are tests on a sample of the siliceous, resi-
dual clay in the cut of the Louisville and Nashville Railroad
about one-half mile north of Cartersville. The cut is about
30 feet deep; the residual material varies greatly in color,
texture and composition. The clay is very lean or poorly
plastic, has low air dried strength and air shrinkage of 4 per
cent. It has good drying qualities, burns to a dark red and
is vitrified at cone 5, but does not become viscous until above
cone 12. On account of its poor plasticity and strength, it
would be a rather inferior clay if used alone.

Residual clay derived from the Conasauga shale is being
used for common brick at Adairsville.

Porrery InpusTrY.—There are two small potteries located
about 10 miles south of Cartersville. These potteries are
small and manufacture common earthenware, as jugs, jars,
crocks, flower pots, ete. The work is carried on in a primitive
way and the business is purely local. Most of the ware is
sold at the kiln and distributed through the surrounding
country by peddlers. Most of the clay used by these potteries
is obtained from the farm of R. M. Kerens, Paulding county,

6 miles southwest of Allatoona. The eclay deposit is lo-

1. J. W. Spencer, Geol. Surv. Ga., Paleozoic Group, p. 287.
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cated in the valley of Bolong Creek, near the head of the creek,
and is colluvial or semi-alluvial in origin; it is bluish in color,
fine grained, very plastic and 214 to 3 feet in thickness.

A sample of this clay showed good plasticity and drying
qualities; an air shrinkage of 7 per cent. and a tensile strength
of 115 pounds per square inch. It burns to a dense body
without warping or cracking, and is excellently adapted for
common earthenware.

Deposits of bright red, highly ferruginous clay, containing
well worn quartz pebbles, occur along the Etowah River.
These deposits are probably Lafayette in age. They might
be used for red, common building brick where not too sandy
or pebbly.

BERRIEN COUNTY

This county is located in the Southern part of the State in
what is known as the wire grass region. The land is gener-
ally flat and sandy. The surface formation is the Altamaha,
which may be covered with a thin mantle of loose, brown or
gray sand. The clays of the Altamaha formation are of very
little importance and can hardly have more than a local value,
and as far as is known, are adapted only for common building
brick. Gray or mottled sandy clays were noted in the cuts of
the Atlantic Coast Line Railroad in the northeastern part of
the county near Enigma, and Heartsease.

BIBB COUNTY

~ The alluvial clay occurring in the second bottom of the
Ocmulgee River is adapted for common and repressed build-
ing brick, sewer pipe and drain tile. The most extensive and
broadest area of alluvium lies south of Macon, where the
bottom or swamp land bordering the Ocmulgee may reach a
width of two or three miles. Northward from Macon allu-
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vial clay occurs, but it will be found restricted in area and
probably coarser grained than the alluvium south.

The alluvial clay south of Macon, as is characteristic of
other alluvial clays of all the larger streams of the State, is
variable in thickness and texture. It varies from 2 to 12 or
14 feet in thickness with usually an average of 6 or 8 feet,
a sufficient thickness for the economic use of the steam shovel.
The clay near the surface is brown or yellow in color, usually
quite sandy, while at greater depth it is lighter colored or
bluish and quite plastic. The overburden is so small that it
can be neglected; the clay is underlain by a fine water-bearing
sand. There are no pebbles and no lime nodules; small yel-
low and black iron oxide accretions are abundant near the
surface, but do not form any serious objection to the clay,
only making black or fused splotches in the ware when it is
not thoroughly disintegrated and pugged. The accretions
are segregations of limonite from the clay, due to the weather-
ing of the clay, and are usually surface phenomena; they are
soft and easily crushed.

200

‘ Ocrnuigee R,

<, - Py
2}- ,‘/,f/',y o Granite

- Fig. 10.—Section of the Ocmulgee River Valley at Macon.

The principal difficulties encountered in mining are in the
drainage of the pits, and from roots of trees, unless the land
has been cleared for some time, as the vegetation is very
dense. The full thickness of the clay can not be mined on
account of the bursting forth of springs from the underlying
sand, and the danger of loss of tools and machinery by sinking
into quick sand. '
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This alluvial clay is extensively used at Macon for the
manufacture of common building brick, and has been the most
successfully used brick clay in the State, and more common
building brick are manufactured at Macon than at any other
point in the State. In the manufacture of common building
brick the surface, sandy or ‘‘short’’ clay is mixed with the
lower or more plastic clay, and the full section in the pit
utilized.

The clay is first run through pug mills and tempered, or

“may be dumped directly into the brick machine as it comes
from the pit.

The clay has good drying qualities and will stand rapid
firing. At the plant of the Bibb Brick Company, the green
brick are dried in a Standard Dry Kiln in 36 hours, and large
kilns have been burned in 4 days.

The Ocmulgee alluvium, mixed with fire clay, has been suc-
cessfully used in the manufacture of sewer-pipe by the H.
Stevens Sons Company, at Macon. The properties of the
more plastic and better quality of the clays are not unfavor-
able for roofing-tile.

The following are laboratory tests on a sample of the allu-
vial clay from Macon. The sample was taken from the pit
of the Bibb Brick Company, though it is in a general way rep-
resentative of the clay at other localities:

Physical Tests

Water required .................... .l 33%
Plasticity .......cvovviiiiiiieiiiiian good
Air-shrinkage ...............cc0ieiaL, 6.5%

Tensile strength (average of 7 briquettes). 150 lbs. per sq. inch
Cone 03—

Pire-shrinkage .............c.cooeiints 4.3%
(07 Vs red .
Absorption ........coiiiiiiiiiiiiiiiians 10.7%
Cone 01— —
Pire-shrinkage .........ccocvvvivmnncanens 4.6%
Color ..vviriivviiarenanrsonsnsonssecsnae red

Absorption .......ooiiiiiiiiiiiiiiiieee, 10.7%
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Cone 4—
Fire-shrinkage ................cccoiviuen 7.2%
L0, T3 N dark red
Condition ...........vvviverriinnannnnns vitreous swelled
Cone 12—
Condition ......covivvrinniiiinnnenennnns vitreous, swelled

slightly viscous

Tests made upon a hard burned brick from the plant of
the Bibb Brick Company, showed 11.9 per cent. absorption
after 48 hours immersion in water.

The clay will burn into a good durable brick with a uni-
form red color at a temperature as low as cone 03. It is not
suitable for vitrified brick from the fact that the point at
which vitrification takes place, about cone 4, and the point at
which the clay begins to swell and blister, are too near to-
gether. The clay will, however, burn into a very dense body
at about cone 1 or 2, making excellent brick for sidewalk pav-
ing.

The following is a chemical analysi§ of the Macon alluvial
clay:

Moisture at 100° C......... ..., 4.375
Loss on ignition.............. e 9.875
Silica 8i0, (total) ..........civviiiiiiii i 52.860
Band ...l e e 29.790)
Alumina, ALOy ...... ... i, 21.824
Ferric oxide, Fo,05 ... oo i 6.400
Manganous oxide, MnO.........c.civviiinniniiinns .230
Lime, Ca0 vuvvrrniiiiiiiiiii it .370
Magnesia, MgO ...ttt .793
Soda, Na,0 . .ovrrniiiiiiiiii ittt iiin e, .358
Potagh, K,O .......... ..o, 1.285

Titanium dioxide, TiO, ......c.ovvuiiiiiiii e iins 1.196
Sulphur, 8. 110

The analysis is from a sample used for common building
brick; the more plastic clay, that lying beneath the surface
loam, will show a smaller percentage of sand and iron oxide.

BROOKS COUNTY

There are no clay industries in this county, and its clay
resources are probably unimportant. Sandy clays, suitable
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for common building brick to meet a purely local demand, can
probably be found. ‘

The surface formations are the Altamaha formation, and
the Columbia sand (Pleistocene). The clay of the Altamaha
formation is covered by a thin mantle of gray Columbia sand,
and where observed was very sandy and of poor quality.

BULLOCH COUNTY

There are no clay industries in this county, and its clay
resources will probably be found comparatively unimportant,
though clays might be found suitable for common building
brick for a local use, when a superior quality of brick is not

~demanded. The county is entirely underlain by the Alta-
maha formation, composed of sand, sandstone and sandy
clays. There are a very few natural exposures of clay. (For
a general description of the clays of the Altamaha formation,
see page 71.) The Ogeechee River forms the eastern bound-
ary of the county, but it is a clear water stream and there are
no alluvial clays along its course. There may be low or
swampy areas in which the sandy clays of the Altamaha have
become altered into sticky, plastic clays containing more or
less organic matter.

BURKE COUNTY

The following are tests on a sample of red sandy clay from:
the property of Newton Palmer about 3 miles south of Me-
Bean. The material is the more argillaceous sand of the Clai-
borne red sand formation which is of widespread occurrence:
throughout the county.

The clay.is a bright red, very sandy, has poor plasticity,.
and would be difficult to mold. Mixed with 33 per cent. of
water, it showed an air shrinkage of 7 per cent.; its average
tensile strength was low, 30 pounds per square inch. At
cone 01, it burned to a very dark red, and showed a fire shrink-
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age of 4.8 per cent.; at cone 4 it burned to a very dark red,
almost black, and was still rather friable, inasmuch as the
sand in the clay was unaffected. The above tests were made
upon a sample ground to pass a 40-mesh sieve, and should
the clay be used on a commercial scale, both the air and fire
shrinkage would be less than shown above.

The following is a chemical analysis of this clay:

Moisture at 100° C...covniiiinnn ittt iiiineenenn 4.123
Loss on ignition..............oiiiiiiiiiiiiiiiian, 7.715
Silica, BI0; «..iiiiii i i i i et e e, 59.890
(Sand ...t i i it e 37.210)
Alumina, ALOg ... .viii i it e 19.823
Ferric oxide, Fe,05 «vvvvvnnnniiniiiiieiiinnennnn, 6.859
Lime, Cal .. ..ottt e e i 0.000
Magnesia, MgO ...............ciiiiiiiiiiiii.,, 176
Maganous oxide, MnO...........coviinineeniinna., .063
Soda, Na,O ...t i ittt ennaanan 277
Potash, K:O ...ttt ineann, .086
Titanium dioxide, TiOs ......covvvvveieiiiiin ... .830
Sulphur, 8.0t e 032
Phesphorous pentoxide, P05 .......ovvnvriieneeen.... 108

Total ... e e i e e 99.982

This material might be used for common building brick
though it would at best make an inferior product, on account
of its poor plasticity and strength, and the high percentage of
sand, which would cause the burned brick to be quite porous.

Sandy clays of the Altamaha formation were observed in
the cut of the Central of Georgia Railway between Munnerlyn
and Thomas, but do not give promise of being of much value.

CAMDEN COUNTY

The clays of this county are quite sandy and are either
original sedimentary deposits occurring in the Altamaha
formation or are swamp deposits of recent age. They are
generally thin deposits and do not seem likely to have any
other value than for common building brick, and are poorly
adapted even for this purpose, though the scarcity of brick
clays in this part of the State makes them worth considera-
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tion. The clays generally show a high air-shrinkage and a
very low fire-shrinkage.

The following are tests on a sample of red, sandy clay
from one mile south of Kingsland on the Seaboard Air Line
Railroad on the property of James King.

The clay is quite sandy, 50 to 60 per cent quartz sand (esti-
mate), but is fine grained and has a fair plasticity. Its air
drying qualities are good, that is it can be rapidly dried with-
out cracking; it required 23 per cent. of water for mixing;
tensile strength 80 pounds per square inch; air shrinkage, 8
per cent.

Burning Tests

Cone Fire-Shrinkage Color
07 . ce salmon
03 1% dark red
3 1% dark red

This clay can be used for common building brick, though 1t
will at best make only an inferior product. The best tempera-
ture at which to burn the brick would be about cone 03, below
this temperature the brick would be too soft and porous, and
above this temperature, the clay would likely burn to an ugly
color and crack.

‘Woopsine.—Laboratory tests were made on a sample of
red clay from the Bedell property near Woodbine.

Physical Tests

The clay contained a high percentage of sand; required 22
per cent. of water for mixing; showed an air shrinkage of 7.6;
- the tensile strength was 100 pounds per square inch.

Burwing Tests
Cone Fire-Shrinkage Color. Condition

07 e light red not steel hard
03 1.1% dark red LA L
4 11% deep red

12 1.0% very dark not vitrified
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The clay would work in a stiff mud machine and a fair
grade of common building brick could be made, but it is not
likely to be suitable for any other purpose. A dense, imper-
vious brick is not to be expected on account of the high sand
content. )

The following is a chemical analysis of a ‘‘red’’ clay from
the Bedell property: :

Moisture at 100° C.....ooiiiiienniiiiiiiiiiiiieinne 5.694
Loss on ignition..................oiiiiiiiiiiie, 5.094
Silica, 810, ... vvviiii i e i e e 70.278
S 55.497)
Aluming, ALO; ...ooivii ittt 13.473
Ferric oxide, Fe,0s ...ccvvvvvvnnn.t. vt teeeere i 3.638
Lime, Ca0 ...ttt it it 179
Magnesia, MgO ... .446
Soda, Na,0 ..ottt ittt 212
Potash, KO «oovieiiiiiiiiiiii it iiiiiine e 428
Titanium dioxide, TiO; ......ovvviviiiviiiiiian ., 551
Sulphur, 8... ... e 440

L 7 100.433

A small amount of brick has been burned uear Pearl, on
the Little Satilla River in the northern part of the county.
The clay deposit at this place is small and the brick were in-
ferior in quality.

CAMPBELL COUNTY

Alluvial clays occurring along the Chattahoochee River
will be found suitable for common and repressed building
brick and will be similar in their properties to those of the
Chattahoochee, being used near Atlanta, and can be expected
to occur in greater quantity. The clays, however, are not
at present accessible to railway lines.

CARROLL COUNTY

Alluvial and colluvial clays may be found in the valleys of
streams, and can be used for common building brick. - The
quantity of clay will not be found great except along the larg-
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est streams. The character of the clay along the Chatta-
hoochee may be inferred from the description of the Sewell
clay in Coweta county. The residual clays are of no value.
A small brick yard has been operated at Whitesburg.

CHARLTON COUNTY

The surface of Charlton county is low, flat and swampy
and covered by a mantle of fine, loose sand. There is little
probability of good clays being found, though sandy clays
occur which might supply a local demand for brick.

The following are the results of tests on a sample of clay
from near Wainwright or Uptonville on the Atlantic Coast
Line Railroad. The clay was very sandy and contained a
small per cent. of organic matter. It showed an air shrinkage
of 6.6 per cent., and an average tensile strength of 100 pounds
per square inch; it stands rapid drying without cracking.

Burning Tests

Cone Fire-Shrinkage Color Condition
05 0.4% pale yellow very porous
03 0.4% pale red soft, porous
01 0.4% pale red soft
2 0.8% red fair hardness
5 1.5% dark red gemi-vitreous

A good red color was not developed, until cone 2, 2,138° F.
was reached, although in practical burning, a red color would
probably be developed at a lower temperature. With a clay
containing such a large percentage of quartz sand, the best
results could probably be obtained by burning at a higher
temperature than is ordinarily reached in burning common
building brick, if a hard brick is desired.

The county is underlain by the Altamaha formation which
contains clay layers and sandy clays. The character of these
clays may be seen in the bluffs of the St. Mary’s River on the
Florida side, at the Atlantic Coast Line Railroad bridge and
at Calico Hill about one mile below. The material is similar
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to that being used at Waynesville and Odessa in Wayne
county, Georgia.

CHATHAM COUNTY

The clays of Chatham county occur as pockets, of small
extent, of Pleistocene age, or as layers of sandy clay in the
Altamaha formation. The stiff, fine grained, bluish or drab
plastic clays such as are found at Pooler are probably Pleis-
tocene or recent deposits and will be found in the lower swamp
land, while the low ridges or hills are composed of recent
coastal sand, or sand and sandy clay of Pliocene age.

The county lies on the coast and the surface is low, flat and
sandy and there are few natural exposures of its geological
strata, and the extent of a clay deposit can be determined only
by prospecting with an auger or by sinking shafts. The clay
deposits are not of large extent, and they are inferior in qual-
ity and have serious objectionable properties even for com-
mon building brick, though their position adjacent to a city,
Savannah, and the excellence of the market, make them of
importance even though they may be unsatisfactory in many
ways. There have been a number of small brick plants in
operation at various times, but there is at present only two
in the county, located at Pooler.

Brick clay is known to occur on the Sheldon tract, located
between the Seaboard Air Line and Central of Georgia rail-
ways, 314 miles west of Savannah. This is perhaps the most
favorable deposit in the vicinity of Savannah. The clay
reaches a thickness, as determined by auger boring, of 22 feet.
It is confined to the lowland, and is probably a pocket of Pleis-
tocene age resting upon older Pliocene sand and sandy clays,
since the clay in the hill or ridge to the east is very sandy and
differs from that in the lowland. The low land clay is very
fine grained, bluish-black or drab in color, often contains a
large percentage of fine sand, and near the surface has a dark
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color, due to organic matter. There is a thickness of 9 to 22
feet ‘over 20 or 30 acres. The clay is free from pebbles and
lime nodules, but contains scattered small crystals of gypsum,
‘but the gypsum is not in sufficient quantity to cause any diffi-
culty.

The following are the results of physical tests on a sample
of clay from the Sheldon tract. The clay was bluish or drab
in color, very fine grained, stiff, tenacious and very plastic.

Water required for mixing............... 23%

Plasticity ..................00. e good
Air-shrinkage (average) ................. 8.1%

Drying qualities ............coveuiiaa... poor )
Tensile strength (average).............. 221 1bs. per sq. inch

Burning Tests

Cone Fire-Shrinkage Condition
010 1.5% soft, porous
08 2.0% soft, porous
05 : 1.9% . absorption, 12%
03 . 3.1% not steel hard
01 3.7% not steel hard
2 3.7% swelling
5 ceeer cinder

The clay burns red; it shows a tendency to swell and crack
if fired rapidly, and will not stand rapid drying. Both the
drying and burning qualities could be improved by mixing
with this clay a coarse sand or sandy clay. It can hardly be
suited for any other purpose than common building brick.

The following is a chemical analysis of this clay:

Moisture at 100° C.........oviiiiiiiieiiaat, 3.220
Loss on ignition..........cooiiiiiiiiiii i . 6.549
Siliea, 8i0, .. .oviiitiii i e e 64.240
Band ......... il 37.850)
Aluming, ALO; ... iviiiiiiiiiitieiiiisiieianeanes 15.896
Ferric oxide, F'e,05 . .ovvvriiiiiiiiiiiiinninienannnns 6.630
Lime, Ca0 ... iiiii i i it e .490
Magnesia, MgO .....cooiiiiiiiniiiiiiiiiiiinaaaaans .619
Boda, Na,0 ..oiiiiiiiiiiii e 454
Potagsh, K,O . ..oiriiiiiiiii i iiiiiaiininananan 1.199
Titanium dioxide, TiO; ......oviviiiiniiiinninennns 1.104
Sulphur trioxide, SO; « ..ottt 131

Total .....vitiiiiniiiiiiiiieiiiiiiiiinanennnas 100.532

Poorer.—The following are tests on a sample of brick clay
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from Pooler, 9 miles west of Savannah: The clay is very fine
grained, stiff, and tenacious, and it is difficult to work in a stiff
mud machine, and has to be very carefully dried to prevent
cracking, unless a large percentage of sand is mixed with if.
It showed an air shrinkage of 12.2 per cent., and a tensile
strength of 123 pounds per square inch. The fire shrinkage
is low; at cone 05 it showed .4 per cent., and at cone 01 only .4
per cent. It burns red and steel hard at cone 01. The chief
fault of the clay is its poor drying qualities; this defect can be
remedied by the addition of sand, though at the expense of the
density and strength of the burned product.

OruEer LocaviTies.—At the 4 mile-post on the Seaboard Air
Line Railroad, west of Savannah, there is an exposure in a cut
showing red sand and a gray or drab stiff clay layer of 314
feet thick. This is a deposit different in origin from that on
the Sheldon tract to the east. The clay is not likely to be
found in large quantity.

On the Seaboard Air Line, 414 miles west of Savannah, the
following section was determined by an auger boring:

Black, sandy, surface elay........................ 314 feet
Bluish and yellow, sticky elay.................... 515 ¢
Quartz gravel and fine sand...........c.viuii.ls. 3 «

The clay contains small lime nodules and fragments of
oyster shells. Brick were burned here a number of years ago.

A fine grained, stiff clay occurs on the O’Leary property, 6
miles west of Savannah. The writer has no information con-
cerning its extent and properties, but it probably occurs in re-
stricted areas in pockets.

Clay occurs near Wheat Hill on the Seaboard Air Line, 5
miles north of Savannah. At one point, a bluish, sticky clay
was found to have a thickness of 10 feet, but it is not likely to
be found in large quantity. This clay contains fragments of
oyster shells.
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CHATTAHOOCHEE COUNTY
Alluvial clays can be found along the Chattahoochee River

- and will probably have similar properties to those at Colum-

bus and Omaha. Dark colored and black sandy clays occur in
the Cretaceous formations but are at present of little value
for clay products. There are no clay industries in the county.
An exposure of Cretaceous clay, which might be suitable for
common brick and other purposes, appears in the cuts of the
Seaboard Air Line Railroad between the 16 and 17 mile-post.

CHATTOOGA COUNTY

The shales of this county will be considered in another part
of this report. There are some brick and pottery clays of
residual and colluvial origin, but these deposits are small and
of but little value. The residual and colluvial clays are de-
rived from the Knox dolomite and the Conasauga shales.

The following are tests on a sample of clay from the prop-
erty of Robert McWhorter near Menlo. The clay occurs at
the base of a ridge ‘and is the washed residual clay of the Knox
dolomite.

Fine grained, bluish-gray in color; air shrinkage, 8.5 per
cent. ; tensile strength about 100 pounds per square inch.

Burning Tests

Cone Fire-Shrinkage Condition
03 5.3% dense body

3 2.3% swelled, warped, vitrified
12 : ceees vesicular, warped

The clay might be used for common pottery, but it is not
a fire-clay. It burns to a dull gray in color; the deposit is
small.

CLARKE COUNTY

Alluvial clays occur along the Oconee and Middle Oconee
Rivers, and when properly handled are capable of being manu-
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factured into a good grade of common building brick. The
county lies in the Piedmont Plateau, and is underlain mainly
by a granite-gneiss which weathers into a red residual clay.
At the plant of the Georgia Brick Company, located on the

Oconee River, 1 mile north of Athens, an alluvial clay is used
for the manufacture of common building brick. The section
in the pit showed 3 to 4 feet of yellow loamy clay underlain by
6 feet of bluish-white, more plastic clay. Beds of coarse,
angular quartz gravel underlie, and pockets of sand are found
in the clay. The clay is being worked in a stiff mud machine;
it shows considerable shrinkage in drying and burning and
burns to a light red color. The bottom of the pit is near the
level of the river and water gives some difficulty in the mining
of the clay. ’

A small brick plant is located on the Southern Railway, 114
miles north of Athens. The clay used is alluvial from a small
stream entering the Oconee; the clay is 6 or 8 feet in thickness,
fairly plastic, and can be used in a stiff mud machine. It is
covered by a dense vegetation, and roots of trees give consid-
erable difficulty in mining. The brick which have been made
here are poor in quality, though this has been largely due to
improper drying and burning, and the clay 1s capable of mak-
ing a fair quality of common buliding brick.

. A small brick yard has been operated 5 miles west of Ath-
ens on the Seaboard Air Line Railroad. The clay at this
place is alluvial in origin and has a thickness of 5 or 6 feet. It
is bluish-white, plastic, quite sandy and varies considerably
in texture, and shows low shrinkage in drying and burning.
The burned brick are badly laminated, porous, and light buff
to pale red in color, depending upon the degree of burning and
amount of surface clay mixed with the bluish-white clay.
Some of the clay here would probably be suitable for common
pottery.
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_CLAY COUNTY

The only clay of known value in this county is the alluvial
Pleistocene clay of the ‘‘second bottom’’ of the Chattahoochee
River. At the pit at the brick plant of the F. and C. Co-oper-
ative Company at Fort Gaines, the alluvial clay is about 6 feet
in thickness, but shows variations in thickness and texture.
The following are physical tests on a sample of this clay. It
shows a good plasticity, an air shrinkage of 8.5 per cent. and
‘can be dried rapidly without cracking; its average tensile
strength was 185 pounds per square inch.

Burning Tests

Cone Fire-Shrinkage Condition
01 3.9% steel hard

5 6.7% vitrified, warped
13 Ceeee swelled and vesicular
This clay is excellently adapted for common building brick;
it burns red and to a good hardness at a low temperature, and
can be easily worked in a stiff mud machine. Tt is of doubtful
value for vitrified ware on account of its liability to warp at
about the temperature of vitrification. The clay is free from
pebbles or rock fragments and contains no lime.

CLAYTON COUNTY

Some alluvial or colluvial clays may be found along the
' streams of this county. The deposits, however, will be small.
The residual clays are of little or no value. .

COBB COUNTY

Alluvial clays suitable for common building brick may be
found along the Chattahoochee and the larger streams of the
county. Schists or metamorphosed shales, similar to the ma-
terial being used at Bolton, in Fulton county, occur, but are
poorly adapted for brick purposes, on account of their lack of
plasticity and strength.

20
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The following are tests on a sample of alluvial clay from
the property of J. L. Dickey, 214 miles from Oakwood, on the
Southern Railway. Plasticity fair; drying qualities, good;
air shrinkage, 6.4 per cent.; tensile strength, 108 pounds per
square inch.

Burning Tests

Cone - Fire-Shrinkage Color Condition
05 0.3% salmon soft
03 2.9% red almost steel hard
3 2.9% red steel hard

The fire shrinkage is low, and there is no cracking or warp-
ing in burning. The clay is free from pebbles or rock frag-
ments. Tt is well adapted for common building brick.

Chemical Analysis of Dickey Clay

Moisture at 100° C
Loss onignition........... ..o iiiiii i,
Silica, 810, ....ciiii i e
(Band ... e i e
Alumina, ALO; ................

Ferrie oxide, Fe,0;

Lime, CaO .................. .
Magnesia, MgO ... e
Manganous oxide, MnO........... ... ...t .208
Soda, Na,0 ..ot .620
Potash, KoO ...oiiiiiiiniiii ittt ciiiieeernans 2.050
Titanium dioxide, TiO; .......covvveei ot 1.134
Sulphur, S.... e 097
Total ... i i i i s 100.565

COFFEE COUNTY

This county is entirely underlain by the Altamaha forma-
tion, consisting mainly of vari-colored sands and sandstones,
with plastic clay layers. The topography of the county is low
and rolling, and on account of a mantle of loose Columbia or
coastal sand, there .are few good natural exposures of the
Altamaha strata ; but sections may best be seen in the railroad
and wagon road cuts. The clay layers of the formation are
greenish or drab in color, very fine grained, plastic, and may
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reach 12 or 15 feet in thickness, though usually less. When
mixed with sand, they may be used for common building brick,
but are of little value alone on account of their tendency to
crack and warp in drying and burning.

Alluvial clays will be found along the Ocmulgee River,
which forms the northern boundary of the county, and are
well adapted for common building brick and possibly also for
drain tile and roofing tile, though they have not been tested for
these latter purposes. The deposits are thin, however, prob-
ably not averaging more than 3 or 4 feet of workable clay, and
will be found occurring in pockets. )

A small brick plant is in operation at Barrow’s Bluff on
the Ocmulgee, 11 miles north of Broxton. A sample of the
alluvial clay at this point was secured for tests in the labo-
ratory.

Physical Tests on Clay From Barrow’s Bluff

Yellow in color; fine grained; very plastic; water required
for mixing, 35 per cent.; air shrinkage, 9.5 per cent.; tensile
strength, average, 94 pounds per square inch.

Cone Fire-Shrinkage Color Condition
04 1.7% pale red steel hard
1 3.7% red free from warping
4 4.2% bright red no warping or cracking

A small brick plant is in operation, 2 miles north of Doug-
las. The clay used belongs to the Altamaha formation, and
in the pit, reaches a maximum thickness of 12 feet. It is in-
ter-stratified with sand and contains sand pockets or lenses,
and is overlain by red sand which may contain small quartz
pebbles. The clay is mixed with sand and worked in a stiff
mud machine. 1t is plastic, requires a high percentage of
water for mixing, and has an air shrinkage of 14 per cent.; it
has good strength, but can not be used alone on account of its
tendency to crack and warp in drying and burning; when
mixed with the proper proportion of sand and carefully.
burned, it can be made into a fair building brick of red color.
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COLQUITT COUNTY

The clays of this county are confined to the Altamaha
formation, which is, with the exception of the thin mantle of
Columbia sand, the only geological formation exposed in the
county. The clay occurs as thin layers in sands, and is fine
grained and plastic and, as is with all of the Altamaha clays,
has a very high air and fire shrinkage, but when mixed with
the proper proportions of sand and thoroughly pugged can
be made into a fair quality of common building brick.

Typical Altamaha clay is exposed in a cut of the Atlanta,
Birmingham and Atlantic Railroad, 114 miles southwest of
Moultrie. There is 8 feet of stiff, plastic clay here, overlain
by 4 feet of mottled clay-sand.

In the northeastern part of the county, exposures of mot-
tled clay and sand were noted, which might be used for com-
mon building brick.

COLUMBIA COUNTY

Vitrified brick and sewer-pipe are manufactured by the
Georgia Vitrified Brick and Clay Company at Campania, on
the Georgia Railroad, 24 miles west of Augusta. This com-
pany has one of the largest and best equipped plants in the
State. The clay used is a mixture of plastic Tertiary clays
occurring near the plant, and non-plastic schists from Belair,
in Richmond county; for vitrified brick, a mixture of about
80 per cent. of schist or ‘‘shale’’ and 20 per cent. of black and
white plastic clay is used, and for sewer-pipe, 50 per cent.
schist, 30 per cent. white clay, 20 per cent. black clay. The
following tests and chemical analyses of these mixtures are
given for comparative purposes: '

Physical Tests

I II
Color (raw) .......... yellow pale yellow
Water required ........ 30% 35% .
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Plagticity ............. poor . medium
Tensile strength ....... 901bs.persq.in. 126 lbs. per sq. in.
Air-shrinkage .......... 3.6% 4.3%

Cone 1—
Fire-shrinkage ........ 3.4% 2.5%
Color ...covvvnnnnnnnn dark red light red
Condition ............. not vitrified steel hard
Absorption ........... 7.9% Ceeee

Cone 4—
Fire-shrinkage ........ 10.2% 4.6%
Color ................. very dark red purplish red
Condition ............. vitrified not vitrified
Absorption ........... impervious

Cone 13— .
Condition ............. viscous slightly viscous

I Mixture for vitrified brick.
II Mixture for sewer-pipe.

The range between the points of vitrification and vicosity
is sufficiently great to prevent any large loss in burning. The
vitrification point of the sewer-pipe clay is high and in prac-
tice the pipe are not burned to vitrification.

Chemical Analyses

I 1T

Moisture at 100° C...............ccoiiiiiiiiiiin., . 2.462
Loss on ignition ......................... 6.671 5.334
Silica 8i0; ....covvviiiiii i 54,496 56.920
Alumina, ALO; ......ovi i, 22,801 21.181
Ferric oxide, Fe,Oy ... cvovvivvnii ., 6.554 7.676
Lime CaO ..........cooiiiiiiiiiii... trace .109
Magnesia, MgO ..........cooviiviiiiinn 1.206 1.540
Manganous oxide, MnO................... 041 .380
Sodium oxide, Na,O.............. ...t .262 459
Potassium oxide, K,O...............oott. 1.404 1.807
Sulphur, 8.. ... . i i .030 1.287
Titanium dioxide, TiO; .........o.cvuunn, 1.250 015

b 7 ) 100.262 100.678

Furrer’s EartH, GROVETOWN.—A deposit of fuller’s earth
reported 10 to 12 feet in thickness, occurs near Grovetown,
and may be of some value for brick purposes. It is a gray
or drab in color, free from any high percentage of sand, thinly
bedded, soft, and jointed; it breaks with a conchoidal fracture,
and is smooth and unctous.

The following tests are given by Ladd!: Specific gravity,

1. Bulletin Ga. Geol. Surv. 6-A, p. 156.



310 THE CLAY DEPOSITS OF GEOEGIA

1.3; air shrinkage, 16 per cent.; tensile strength, 144 pounds
per square inch; shrinkage on burning, 4 per cent.

The clay requires a very high percentage of water for mix-
ing, 60 to 75 per cent., and develops a fair plasticity; its air
shrinkage is excessive, and on account of the high percentage
of water absorbed, shows a tendency to crack in drying and
burning; it burns to a buff color, and the burned brick are very
light in weight. It might be worth while to make experiments
on this material for dry pressed brick, since the fire shrinkage
is not excessive, and there would be less liability of cracking
in burning. A very attractive buff ornamental building brick
might be made, should the objectionable burning properties of
the clay be overcome.

COWETA COUNTY

Alluvial and colluvial clays suitable for common building
brick, terra cotta, and stoneware, occur in this county. The
colluvial clays are deposits found along small branches or
creeks; they are the finer and purer clays of the residual de-
posits of the crystalline rocks, which have been washed from
the hillsides and transported only short distances from their
points of origin. They are bluish gray or ‘light yellow in
color, fine grained, plastic, and usually of very small extent
and thickness.

The following physical and chemical tests will indicate the
character of the alluvial clays along the Chattahoochee River.
The sample on which the tests were made is from the property
of Chas. T. Sewell, 2 miles above Whitesburg. The property
is undeveloped and at the time of my visit it was difficult to
secure a sample representative of the full thickness of the
deposit.

The clay is plastic, shows an air shrinkage of 5.5 per cent.;
tensile strength, 80 pounds per square inch. It can be dried
rapidly without danger of cracking.
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Burning Tests

Cone - Fire-Shrinkage Color Condition
05 1.2% pale red soft, porous
03 4.0% red steel hard
1 5.5% red steel hard
4 5.8% very dark slightly swelling
12 . black vesicular

The clay should be excellently adapted for common build-
ing brick, but it is not suited for vitrified products.

Chemical Analysis of Sewell Clay

Moisture at 100° C........ ..ot 1.421
Loss on ignition......... ... i 7.525
Siliea, Bi0; ...t e e 62.195
(Band ... e s 45.000)
Alumina, ALO; . ....ooi ittt 20.007
Ferric oxide, Fe,0p ...oovviviniii ., 5.443
Lime, CaO . ... i s .376
Magnesia, MgO ... ... oottt .355
Manganous oxide, MnO............. ... coo.L. 010
Sodium oxide, Na,O ......... ... ... ..t 468
Potassium oxide, K.O..................... e 1.621
Titanium dioxide, TiO, .........covieiiiiiiiien, 946
Sulphur, S... ... .. e .098

Total ...ttt et e 100.465

There is a small deposit of colluvial clay near Turin, on
the property of Chas. T. Moses, which has been used in terra
cotta clay mixtures by the Atlanta Terra Cotta Company, At-
lanta. The deposit lies in the valley of a small creek, is 3 to
4 feet in thickness and underlies only a small area. It is
bluish to white in color and free from coarse sand, but passes
gradually into the yellow and red residual clays of the hillside.

Other deposits, similar, can probably be found throughout
the county.

The following are physical tests on the Moses clay:

Plasticity, very good; water required for mixing, 39 per
cent.; air shrinkage, 9.3 per cent.; tensile strength, 86 pounds.
per square inch.

Burning Tests

Cone Fire-Shrinkage Color Condition
4 8.8% eream absorption, 8%
7 10.4% bluish-gray steel hard

12 16.0% . bluish-gray vitrified
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Its fusing point lies near cone 27. On account of its good
plasticity, fair strength, dense burning qualities and refrac-
toriness, it is well suited for terra cotta and stoneware clay
mixtures. :

The following is a chemical analysis of this clay:

Moisture at 100°C...... ..ottt 2.462
Loss onignition..........coiviiiiiiiiiiiiiiiionneans 8.654
Silica, SiO;, ... e 60.110
Alumina, ALO; «..oovviiii it i 24,256
Ferric oxide, Fe,0p . ... vvniiiiiii i 2.080
Lime, CaO ...t i i i i i 110
Magnesia, MgO .................... fee e trace
Manganous oxide, MnO...............ociiiiiiiinnn.. " trace
Sodium oxide, Na,O.........oiiiiiiiiiiiiiiinnnnn. 262
Potassium oxide, K,O......... .. i, 1.647
Titanium dioxide, TiO, ......... ..o i, 754
Sulphur, S.... . e .008
Phosphorous pentoxide, PyOs ..........cviciii.tn trace

Total ... e 100.343

CRAWFORD COUNTY

There are extensive areas of alluvial clays along Flint -
River, which forms the western boundary of Crawford county.
These clays are yellow, brownish, or bluish in color and quite
plastic; the yellow and brownish clays lie near the surface and
are underlain by bluish, finer grained and more plastic clays;
they will vary in thickness, but will probably show an average
of 6 feet. They are undeveloped, but give promise of being
suitable for building brick, drain tile and sewer pipe.

The following are tests on samples of alluvial clay from
the property of S. H. Phelan, 8 miles southwest of Roberta
and about two miles west of the Southern Railway. The sur-
face clay is yellow or brown in color, sandy and contains small
black accretions of iron oxide, and is underlain by a bluish,
fine-grained, very plastic clay.

Physical Tests of Brown Clay

Fair plasticity; air-shrinkage, 7.2 per cent.; tensiie
strength, 132 pounds per square inch.
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Cone Fire-Shrinkage Color Condition
05 3.7% red fair hardness
03 4.5% red ' steel hard
5 7.8% almost black vitrified
13 ceeee vesicular

The clay can be rapidly air dried and burned without
danger of cracking or warping.

Physical Tests on Blue Plastic Clay

Very plastic; air-shrinkage, 10.1 per cent. ; tensile strength,
130 pounds per square inch.

Cone Fire-Shrinkage Color Condition
07 1.4% pale red fair hardness
3 14.2% bright red steel hard, slight checking

This clay has a higher air shrinkage than the brown clay
and more care would have to be, exercised in its drying and
burning; it burns to a denser body than the brown clay, but
has a greater tendency to crack and warp.

Chemical Analyses

I T

- Moisture at 100° C.............ovvinn.e. 1.289 2.900
Loss on ignition............. ... ... ... ... 10.512 7.390
Silica (total) SiO; ..., 55.608 59,084
(Sand ........ e e e 25.688 40.538)
Aluming, ALOg «..ovivininiiiiiiineienns 23.466 20.313
Perric oxide, Fe,05 .....oovviiiiiiiinn, 5.590 5.593
Lime, CaO. .....ccoviiiiiiiiiiiiiiinnnn.. trace 578
Magnesia, MgO ............ooiiiiiii., .353 .409
Sodium oxide, Na,0O ............c.ooiiiu 470 487
Potassium oxide, K,O..................... 1.162 2.109
Titanium dioxide ........................ 1.377 .854
Sulphur, S....coviiiiiii i .004 072
Total ...vivnmiie it iiiinn s 99.831 99.789

I Blue clay.
11 Brown clay.

The clays give promise of being excellently adapted for
common building brick, and by mixing a small percentage of
the white clays of the Cretaceous formation, which occurs
nearby, offer possibilities for sewer pipe, though a thoroughly
vitrified body could hardly be expected. It is also suited for
drain tile, but not for vitrified brick. For common building
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brick, the best results could be obtained by using the whole
‘thickness of the clay.

The alluvial clay of Flint River is accessible to the Central
of Georgia Railway near Everett. It can hardly differ greatly
from the Phelan clay described above. There are small
deposits of swamp clays, used in the manufacture of common
pottery, in the eastern part of the county.

" ORISP COUNTY

The clays of this county are comparatively unimportant.
Sandy clays could possibly be found which could be used for
supplying a local demand for common building brick. Green-
ish sandy clays of the Altamaha formation were observed in a.
cut of the Georgia Southern and Florida Railroad between
Wenona and Arabi. '

DECATUR COUNTY

Bluish or greenish, sticky, sandy clays of the Altamaha.
formation occur in great thickness in the eastern and south-
ern parts of the county, and may be used for common building-
brick. Alluvial and swamp deposits occur along Flint River,
though the swamp deposits can hardly be expected to be of -
any considerable thickness or underlie any large area. The
Altamaha clays, such as occur in the vicinity of Climax and.
southward from Bainbridge along the Georgia Southern and
Florida Railroad, while having some very objectionable prop-
erties, can, when properly handled, be made into a fair grade
of common building brick.

The following geological section' made along the Atlantic:

1. This locality has been visited by Dr. T. Wayland Vaughan, of the U. S..
Geological Survey, and is described, together with tests on the clay, in Profes--
sional Paper No. 11, p. 91, U. 8. Geological Survey.
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Coast Line Railroad west of Climax, will illustrate the occur-
rence of the Altamaha! clays:

Feet
1 Yellow, massive sand and soil.............oo. o 8
2 Mottled or calico sand.........cooveiiiianrnanns 8
3 Purplish and red crossbedded sand, and thin limo-
nite erusts ....... i il 15
4 Mottled or calico clay layer................ 3to 6
5 Crossbedded, red and purplish sand.............. 12
6 Purplish and red sand, and laminated bluish clay
layers ... i i i i e e 15
7 Grayish, stratified sandy clays and greenish, sticky
clay layers ... ittt 15
8 Greenish or drab, very sandy clay.......:....... 12

At Mashburn Hill, 4 miles north of Climax, there are 60
feet of greenish, sticky clays, variable in the amount of sand
and containing scattered small, flat, white siliceous nodules.

A great thickness of sticky, tenacious sandy clay occurs
along the public road leading east from the station at Atta-
pulgus.

A good exposure of the Altamaha clay may be seen in a
cut Georgia Southern and Florida Railroad near where it is
crossed by the Atlantic Coast Line. '

Occurrences of the Altamaha clay and sand are numerous;
the clays are generally quite sandy, may be of variable thick-
ness, and are sometimes nearly white in color. The following
physical and chemical tests will indicate the character of the
clays. '

Physical Tests on a Clay From a Cut of the Atlantic Coast
Line Railroad, One Mile West of Climax
Plasticity, good; very fine grained; water required for
mixing from 40 to 55 per cent.; tensile strength, variable, 264
pounds per square inch; air shrinkage, variable, average,
11.5 per cent.; drying qualities, very poor.

Burning Tests

Cone ~ Fire-8hrinkage Color - Condition
05 2.2% light red steel hard
03 1.9% light red steel hard
1 0.9% red swelled
4 ceeas black blistered and vesicular

1. The lowermost greenish or drab sandy clay of the section may be found
to be of Oligocene age.
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The clay can not be dried or burned rapidly, without its
cracking, warping or swelling. It will show a tendency to
laminate and black core. The black coring is due to the incip-
ient vitrification of the exterior of the brick preventing the
oxidation of the interior so that the iron is in a ferrous condi-
tion. The black cores will burn red when the brick is broken
and again burned under oxidizing conditions. The only way
in which the clay can be used successfully, is by mixing sand
with it, and thoroughly pugging; but an impervious brick can
not be obtained at any temperature. The brick show no ap-
preciable scumming.

Physical Tests on Clay From Mashburn Hill

This clay is very fine grained, but contains more sand than
the Climax clay; plasticity, medium; drying qualities, poor;
tensile strength, 192 pounds per square inch; air shrinkage,
12.3 per cent.

Burning Tests

Cone Fire-Shrinkage Color Condition
03 2.4% brown-red not steel hard
01 1.2% dark red swelling
4 1.9% dark red’ semi-vitreous, swelled
11 ceeas black vesicular
Chemical Analysis of Mashburn Hill Clay.
Moisture at 100° C....... .ottt 5.600
Loss on igmition............ ..ol 10.106
Siliea, 810, +vvviiiiiiii s 55.560
Alumina, ALO; ..ot e 19.076
Ferric oxide, Fe,03 . .vviviiiiiiiiiiiiiiiiiiinens 7.140
Manganous oxide, MnO............................. 044
Lime, Cal ...ovvriinriiiiiii it e .000
Magnesia, MO ......cciiiiiiii i 706
S0da, Na.O . .oviiiiiriiiiii ittt i .349
Potash, K,O ......ooviiiii il e .864
Titanium dioxide, THO, ...vvvriiiiiiiiiiinennnn, 1.104
Sulphur, S..... . it e i trace
Total ..ottt e i e 100.549
Quartz 8and .. ... it i i i, 23.336
Combined siliea .........oviiiviiiiiiiii i 32.194

The above analysis suggests that the clay base is in the
nature of a fuller’s earth, and such being the case, the high
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percentage of water absorbed and retained by the Altamaha

clays is explained.

Physical Tests on Brick Clay From Attapulgus

Plasticity, medium; air shrinkage, 13.2 per cent.; tensile

‘strength, 279 pounds per square inch.

Burning Tests

Cone Fire-Shrinkage Color
07 0.8% pale red
03 3.1% red
3 3.1% dark red
12 5.2% purplish red

Condition
fair brick hardness
but very porous
not steel hard
steel hard
not vitrified

The air shrinkage is high, and the burned product has
low strength. The clay could be used for common building
brick, though a first class brick is hardly to be expected.

The following physical tests on the fuller’s earth mined
at Attapulgus are interesting, though the fuller’s earth itself
is of no value for clay products. A sample ground to pass a
40 mesh sieve, showed a low plasticity and required 92.6 per
cent. of water for mixing; its average air shrinkage was 7
per cent.; it showed a maximum tensile strength of 50 pounds

per square.inch.

Burning Tests

Cone Fire-Shrinkage Color
04 23.2% light buff
5 23.2% buff
12

Condition
brittle
slightly warped not
vitrified
fused to a greenish glass

Chemical Analysis of Attapulgus Fuller’s Earth

Moisture at 100° C......................
Loss on idgnition..................... ...
Silica ... e
Alumina ....... ... ...
Ferric oxide ........... e
Manganous oxide .......................
LAmMe ..ottt i
Magnesia ......... ...,
Sodium oxide ............. ... i,
Potassium oxide .............. ... ... ...
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Titanium dioxide ..... P et e 1.012
I 1T 4] 1135 P .000
Phosphorous pentox1d9 ...................... e .000

Total .......... P T 99.649

It will be observed that the water required for mixing is
three or four times that required by ordinary clays, yet the
air-shrinkage is low. The explanation of this phenomenon is
that the particles of cpushed earth were coarse and that the
water held between the pore space formed by these coarse
particles and lost in drying, could consequently cause no
great lessening of volyme, and that the minute pore spaces of
the individual particlps, themselves, retained most of the
water from these spacqs, and would not cause any contraction,
since the earth was spfficiently hard to prevent its micros-
copie structure from heing destroyed in the mixing process.
Should the earth be pgssed through an 80 or 100 mesh sieve,
its air shrinkage would be much greater. In burning, the
microscopic pores arq closed by fusion of the earth and a
very high fire-shrinkage results.

The earth burns to a hght color, though as shown by the
analysis, it contains 4.08 per cent. of Fe,O,; the coloring
effect of the iron is probably neutralized by the magnesia.

The following are tests on a sample of alluvial clay from
the L. F. Patterson brick yard, 14 mile north of Bainbridge:
Plasticity, good; fine grained; tensile strength, 125 pounds
per square inch; air shrinkage, 8.9 per cent.

Cone Fire-Shrinkage Color Condition

05 3.9% pale red good brick hardness
03 4.3% red steel hard
01 43% dark red very dense body

4 4.3% dark red almost vitrified

This clay, when mixed with the surface sandy loam, has
good drying qualities and can be worked in a stiff mud
machine; it burns into a dark red brick of good density,
and shows no scumming after burning. The clay at this
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point is about 9 feet thick, yellowish or bluish in color, and
free from pebbles or coarse rock fragments. Roots from
trees and flooding of the pits from back water from the river
are serious obstacles in the mining of the clay. The clay is
capable of making a good quality of common building brick.

Some deposits of clay occur in low swampy places, not
river swamps, south of Bainbridge, and are probably worked
over Altamaha clays. The clays are bluish or black in color
from organic matter, very plastic, have a high air-shrink-
age and would probably show poor drying and burning
qualities.

DeKALB COUNTY

Alluvial and colluvial clays occur along the streams, but
inasmuch as there is no very large stream in the county, the
deposits are of small extent. The clays are generally unfit
for any other purpose than common building brick. The red
residual clays if used alone, are almost valueless for brick
purposes, but might be mixed with more plastic clays, when
they do not contain coarse rock fragments. Common build-
ing brick are being manufactured by the South River Brick
Company, Atlanta, near Constitution, from the alluvium of
South River.

DODGE COUNTY

Plastic alluvial clays suitable for common building brick
may be found in the bottoms along the Oemulgee River. No
prospecting or development has been done, and nothing is
known concerning the clay; the deposits are most likely to be
of small thickness. Mottled sandy eclays of the Altamaha
formation were observed in the cuts of the Southern Railway,
southwest from Eastman.

DOUGHERTY COUNTY

Clays suitable for common building brick occur on the
first and second terraces along Flint River. There are two
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companies manufacturing common building brick at Albany,
the Cruger-Pace Brick Company and the Albany Brick Com-
pany. The alluvial clay on the property of Cruger-Pace
Brick Company is from 3 to 10 feet thick, and occurs in
pockets. The section in the pit is: 1, brown loam and sand,
2, biuish, stiff clay, 3, stiff, tenacious clay, containing lime-
stone fragments. The stiff plastic clay and the brown
loamy sand are mixed for common building brick. The clay
containing the limestone fragments is not used, but could be
if the limestone were crushed sufficiently fine. The blue plas-
tic clay alone will not stand rapid drying or firing without
cracking, and would be difficult to work through a stiff mud
machine. It burns to a buff color, and might be used for
dry pressed brick. The alluvial clays along Flint River will
generally be found quite sandy and likely to occur in pockets.

On the property of J. W. Walters, about 114 miles south-
west of Albany, there are pockets of red and yellow and
bluish or drab clays, 3 to 6 feet in thickness. Two samples

from this property were tested in the laboratory, a red and
yellow stiff plastic clay occurring in depressions in an open
cultivated field; and a drab or black clay, occurring in a
wooded and swampy area, and containing more or less
organic matter.

Physical Tests

T I
Water required .......... 229, 30%
Plastieity ................ good good
Air-shrinkage ............ 8.7% 8.0%
Tensile strength .......... 116 1bs. per sq. in. 151 Ibs, per sq. in.
Texture .......oovvvvenns fine grained, sandy fine grained
Cone 07—
Fire-shrinkage ........... 0.3% )
Color .....cooiviivnnnnt, very pale red
Cone 05—
Fire-ghrinkage ........... ....... 2.6%
ColoT ...t e buff
Condition .............co0 ... steel hard
Cone 03—
Fire-shrinkage ........... 1.1%
Color ..........iiiiiitn light red

Condition ...... ......... soft, porous
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5

CRETACEOUS SAND AND Cray, Rartroap Cur 2 MILES NORTH OF BYRON, HousTON COUNTY, GEORGIA. '
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Cone 01— .
Fire-shrinkage .......... ....... 5.1%
Color ....oiiiiiiiiiiies s light buft
Cone 1— ) R
* Fire-shrinkage ........... ....... 5.1%
COlOT wevvnnevvreenimiinns vunnnns buff
Condition ............o.. cienn., cracked
Cone 4—
TFire-shrinkage ........... 5.2% 5.8%
(070 1o red almost red
Cone 12—
Fire-shrinkage .......... 2.2%
Color ........covvnnnn. very dark red leathery buft
Condition ............... not vitrified cracked badly, not v’tf’d

I Field clay.

II Swamp clay.

On account of the high sand content in the field clay,
it will not produce good brick at low temperatures. The
clay is not likely to be suited for any other purpose than
common building brick. When containing a high percent-
age of sand, as in the sample tested, its drying qualities are
fair and it could probably be successfully used in a stiff mud
machine. The swamp clay shows a smaller percentage of
sand, and it would probably give trouble in drying if used
alone. It burns to a denser body than the field clay and to
a lighter color; the color to which it burns will be largely
governed by kiln conditions. It offers a possibility for dry
press building brick. For common building brick, the best
results could perhaps, be obtained by a mixture of the field
and swamp clay. Neither of the clays would be suitable for
vitrified brick or sewer pipe.

Deposits of similar clays could probably be found at other
points along, and on both sides of Flint River, in Dougherty
county. :

Chewmical Analyses of Clays from near Albany

) I 11 ITT Iv
Moisture at 100° C..... 3.446 6.428 0.94 1.04
Loss on ignition....... 5.870 8.640 10.73 10.96
Silica, 8i0; «...c.v. ... 69.876 58.380 57.80 58.00
(Band ................ 49.892 28.749 e ceead)
Alumina, ALO;g ....... 15.071 21.152 23.12 23.14
Ferric oxide, Fe, 0y ...., 4.306 3.360 5.28 5.12

21
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Lime, CaO ........... .329 .530 .06 a1
Magnesia, MgO ....... .086 140 .20 .18
Soda, Na,0 .......... .304 .349 .30 .34
Potash, K0 .......... .333 .259 A7 .80
Titanium dioxide, TiO, .796 .828 1.01 .84

Total ............ 100.417 100.066 99.91 100.33

T TField clay, J. W. Walters,
II Swamp clay, J. W. Walters.
III Clay from R. H. Warren, lot 318,1st district.
IV Clay from R. H. Warren, locality as above.

EFFINGHAM COUNTY

Sandy clays are distributed through the county and might
be used for common building brick, though upon the whole,
the clays are of poor quality even for this purpose.

A point of considerable historical interest, is old Eben-
ezer, located on the Savannah River; since probably the first
brick manufactured in Georgia were made at this place. A
colony of Salzburgers settled here in 1733 and in 1769 built a
brick church, the bricks being made at this locality, which is
at the pres\ent time in a state of tolerable preservation and
is still used for religious services. The brick are a dark red,
a little larger than standard size, and quite sandy and porous.
A test on a half brick showed an absorption of 16.6 per cent.

The clay at this place which is said to have been used for
the brick in the church, is probably of Pliocene age and is a
greenish or drab, very fine grained, plastic clay inter-strati-
fied with red and yellow sand. The deposit lies 30 or 40
feet above the Savannah River and is underlain by a green-
ish and drab, sticky, sandy clay and sands. The material
here could be made into a fair grade of common building
brick, but the commercial value of the deposit is seriously
lessened because of its distance from a railway line.

The following are tests on a sample of the top clay at
Ebenezer; the material is a mixture of fine grained clay and
ferruginous quartz sand, and tests on different samples will
show variations because of differences in the sand content.
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The sample tested required 40 per cent. of water to
develop its best. plasticity; it showed a tensile strength of
91 pounds per square inch, and an air shrinkage of 9.3 per

cent.
Burning Tests
Cone = Fire-shrinkage Color Condition
05 1.5% pale red absorption 16%
01 1.2% red absorption 15%
4 34% dark red not vitrified

With the proper proportion of ferruginous sand, the clay
will have good drying qualities and burn to a good red color.

Chemical Analysis of Ebenezer Clay

Moisture at 100° C..............coiiiiiiiiinnnnnns 1.776
Loss on Ignition ..............ivviiiiiiii., 6.921
Silica, SI0; ...iviniiii i et e 63.400
(Band ... e e 40.475)
Alumina; ALO; .....o.iiitiiiiiinii it 19.614
Ferric oxide, Fe;03 + oo v ccvvveviniiiinnnanns. e 6.422
Lime, CaO ...............cooiiiiiel, . none
Soda, Na,0 ..................... 087
Potash, K;O ... ..ottt ittt iiaiaenanns .821
Titanium dioxide, TiO, 1.104
Total. ...t 100.145

The following are tests on two samples of clay from Old
Purisburg on the Savannah River, made by the Richardson-
Lovejoy Engineering Company of Columbus, Ohio, and
furnished the writer by Mr. Wayne Cunningham of Savan-
nah. _

Sample No. 1, a mixture of light colored and red clay,
and coarse sand.

Air-shrinkage Cone Fire-shrinkage Total shrinkage
9.8% 07 1.3% 11.1%
10.0% 04 2.29% 12.2%
9.0% 02 4.5% 13.5%
9.5% 1 4.5% 14. %
9.8% 3 4.9% 14.7%
10.0% 5 . 5.0% 15.0%
9.7% 7 51% 14.8%

The clay burns to a light red.
Sample No. 2, a light gray, sticky, shaley clay. ,
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Air-shrinkage Cone Fire-shrinkage Total shrinkage

10.5% 07 1.2% 11.9%
. 9.2% 04 5.8% 15 %

9.2% 02 6.3% 15.5%
114% - 1 6.1% 17.5%
10.6% 3 6.6% 17.2%
10.3% 5 6.8% 171%
10.3% 7 71% 17.4%

The tests do not indicate that the clays are at all suited
for any other purpose than common building brick.

These clays are probably Pliocene deposits and in the
same geological position as the clays at Ebenezer.

FLOYD COUNTY

Alluvial clays suitable for common and dry press build-
ing brick, occur along the Etowah, Oostanaula, and Coosa
rivers. The residual clays are comparatively of little value.
The shales will be discussed in another chapter.

Alluvial clays along the Ftowah may reach a thickness of
15 feet, and usually consist of brown or yellow very sandy
clays at the surface, underlain by bluish, fine grained more
plastic clays. Common and pressed brick are being manu-
factured at Rome, by the Morrison-Trammel Brick Company
and the Rome Brick Company. The alluvial clays of this
connty are not fire-clays and are of doubtful value for any
other use than building brick.

The following is a section of the Etowah River alluvium
at the plant of the Morrison-Trammel Brick Company.

Feet
1 Soil and yellow, sandy micaceous clay............... 5
2  Bluish, plastic elay..........cooiiiiiiiiiiiiiiaa. 9
3 Yellow sand ......c.viiiiiiiiiiinniiiennneanennna, 4
4 Black sand ........c.iiiiiiiiii i e e 3

For common building brick, the clays are mixed about 14
yellow sandy clay and 24 plastic clays. Some -attempt has
been made to manufacture drain tile from the bluish plastic
clay, but with little success. The clay pits have a natural
underground drainage.
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The following are tests on a sample of the blue, plastic
clay from this place: The clay is fine grained, plastic, and
contains a small amount of organic matter which gives it its
dark color. It has a high air dried strength, 221 pounds per
square inch; its air shrinkage is 8.2 per cent. At cone 5, it
burned to a very pale red, and showed a fire shrinkage of
2.5 per cent; at cone 4, it burned to a light yellow-buff, with
a fire-shrinkage of 5.5 per cent; it was steel hard, but not
vitrified. This clay could probably be used successfully for
dry press brick; the color to which it would burn, from light
red to buff, would be largely governed by kiln conditions.
This clay is less fusible than the yellow surface clay, but it
is not a firé-clay. Used alone, it is of doubtful value for
vitrified products, but there is a possibility of its being used
in connection with the extensive Cambrain shales near here
for vitrified brick. ,

The Rome Brick Company operates a brick plant a short
distance east of Rome. The clays used are the alluvial clays
of the Etowah River, a red silty clay of Lafayette age, and
shale. A bluish, plaétic, sandy clay containing quartz peb-
bles, and reported 7 feet in thickness, is used in the manu-
facture of buff brick; for common building brick, a mixture
of red Lafayette clay and the brown sandy alluvium 1 to 4
feet in thickness, was being used at the time of my visit at
the plant. The Lafayette clay is a bright red, very sandy and
contains scattered quartz pebbles, and is on the whole poorly
adapted for brick.

‘W. T. Cuexey ProperTY.—The following tests on two sam-
ples of alluvial clay from the property of W. T. Cheney, east
of Rome, will assist in giving some idea of the character of
the alluvial clay of the Etowah:

Sample No. 1 was a fine grained clay containing a high
percentage of sand, but having good plasticity; it is almost
black in color, due to organic matter. Its air shrinkage was
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8 per cent., and tensile strength high, averaging 215 pounds
per square inch.

Burning Tests

Cone Fire-shrinkage Color Condition
05 0.7% salmon fair density
01 0.7% red almost steel hard
4 1.4% red steel hard but not
vitrified.

The air shrinkage is low and the clay does not crack or
warp in burning.

Sample No. 2 was a yellow, very sandy clay, surface allu-
vium, and less plastic than the dark colored clay. It showed
and air shrinkage of 3.9 per cent. and a tensile strength of
54 pounds per square inch.

Burning Tests

Cone Fire-shrinkage Color Condition
07 0. % salmon very soft
05 - 03% salmon soft

3 2. % dark red steel hard

Chemical Analyses of Etowah Alluvial Clays near Rome

I II III v

Moisture at 100° C....... 0.80 1.72 0.25 0.20
Loss on ignition......... 3.89 6.60 7.35 4.70
Silica, 8i0, ............. 79.42 72.65 67.80 77.60
(Sand ... ...l 67.77 51.74 50.80 63.30)
Aluminum, ALO, ........ 9.18 11.92 13.82 10.90
Ferric oxide, Fe,0; ...... 4.25 4.25 5.74 2.25
Lime, CaO ............. trace 0.34 0.00 0.00
Magnesia, MgO ......... 0.35 0.43 0.81 0.63
Soda, Na,0 ............ 0.20 032 . 0.5 0.32
Potash, KO ........ ... 072 0.80 2.00 1.83
Titanium dioxide, TiO, .. 1.29 115 1.67 1.98

Total .............. 100.10 100.18 99.99 . 10041

I Yellow sandy alluvium,

II Dark colored alluvium.
IIT  Surface alluvium, Spencer, Paleozoic Group, Ga. p. 287.
IV  Lower alluvium, Spencer, Paleozoic Group, Ga. p. 288.

The alluvial clay of the Oostanaula River will perhaps be
found generally sandier and less plastic than that of the
Etowah. Common building brick are being made at Rome
from the alluvium of the Qostanaula near its junction with
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the Etowah; the brick are quite soft and porous and are of
poor quality.

Small pockets of plastic c]ays occur throughout the areas
underlain by the Conasauga shale formation and are colluvial
in origin. They result from the residual clays being washed
into small valleys or depressions. These clays are plastic,
“‘sticky,’’ and fine grained; they have a high shrinkage, a
very high tensile strength and burn to a dense body.

FRANKLIN COUNTY

Brick plants are, or have been in the past, located at
Canon, Royston, Lavonia and Carnesville. These plants are
small, unfavorably located as to good markets, and are
operated only a part of the year. Small deposits of clay
along streams are used. The following are tests on the clay
being used by Bowers Brothers at their plant at Canon.

The clay is sandy and micaceous, and has good brick clay
plasticity; tensile strength, 180 pounds per square inch; air
shrinkage 7.2 per cent. It has good drying qualities.

Burning Tesis

Cone Fire-shrinkage ‘Color Condition
03 3.2% light red soft
01 3.9% light red soft
3 5.0% dark red steel hard

The clay does not burn to a dense body at low temperatures
and unless thoroughly pugged, laminates badly when worked
in a stiff mud machine.

Chemical Analysis of Brick Clay from Canon

Moisture at 100° C........ .ot iiiennennnnnns 1.602
Loss on dgnition ................ ... ... .o ol 7.831
Biliea o it i e et i, 62.817
(Band ... e e e 40.936)
Aluming ... . i e e 20.748
Forric oxXide .....c.vviiniurunrinrnoraraennenanaans 5.120
B 1 < .060
Magnesia ...ttt 487
Sodium oxide .........ciiiiiiiitiii it .369
Potassium oxide ..........cc.iiiiiiiiiiiiiiiinaa .928
Titanium dioxide ........ccviveiviinrnneennrnnanns. 142
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FULTON COUNTY

Fulton is the most populous county in the State and has
an excellent market for clay products, but its clay resources
are small, even for common building brick. Alluvial clays
occur along the Chattahoochee River, but deposits accessible
to railway lines, are being rapidly exhausted. The alluvial
clay of the Chattahoochee is from 3 to 10 feet in thickness,
generally very sandy, has only medium plasticity, and is red
burning. The clay has good drying qualities, works well in
stiff mud machines, and is free from pebbles or lime, and
shows no scumming after burning.

A schist or ‘“shale’” is being used for common building
brick near Chattahoochee and Bolton. This formation was
probably originally a sediment, but has been so metamor-
phosed that its original structure and texture have been almost
entirely obliterated. The schist at any place is inexhaustible
for clay working purposes. The strata are highly inclined,
minutely jointed and may contain thin veins of quartz. At
Bolton it is soft enough to be mined with a steam shovel,
though this is due to partial decomposition by weathering
agencies and where unweathered the rock would doubtless be
very hard. The chief objection to this rock for brick, is its
poor plasticity and very low air-dried strength, resulting in a
very serious loss in drying and burning unless mixed with a
plastic clay. Some difficulty is met with at Bolton in crush-
ing the schist sufficiently fine on account of the residual clay
mixed with it, especially in wet weather.

A sample of the schist from Chattahoochee, ground to pass
a 40 mesh sieve, showed very poor plasticity, and tensile
strength not exceeding 12 pounds per square inch; its air
shrinkage was 0.5 per cent. At cone 1, it burned to a dark
red and to a dense almost impervious body with a shrinkage
of 4.7 per cent.; at cone 5, it had a shrinkage of 10.9 per cent.
and was vitrified.
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CRETACEOUS WHITE CrAy AND SANDS OVERLAIN BY TERTIARY Rocks, RicH Hirr, NEaAR KNOXVILLE, GEORGIA,
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This schist is used by the Chattahoochee Brick Company
for common building brick; 1 part of schist is mixed with 3
parts of alluvial clay.

If mixed with a small percentage of plastic clay for a
bond, there is a possibility of its use for paving blocks. The
experiment at any rate would be well worth trying. ,

The schist at the pit of the South River Brick Company at
Bolton, is poorly plastic even when finely ground, has a ten-
sile strength not exceeding 20 pounds per square inch and
shows a very small air shrinkage. It burns to a dark red
and is completely vitrified at cone 3.

Alluvial clay deposits can be found along the courses of
the small streams of the county, though these deposits are of
small extent. A small alluvial deposit of clay is used by the
Capital City Brick Company, near Grant Park, Atlanta. The
clay reaches a thickness of 7 or 8 feet and consists®f:

1 Soil and sandy loam......................... 1 to 2 ft.
2 Yellow sandy elay ................coovina... 2 to 3 ft.
-3 'Bluish, sandy plastic elay.................... 4 ft,
4 Coarse sand and gravel......................

The quantity of clay in the small stream deposits does not
Jjustify the establishment of a large brick plant, and the clay is
as a whole of poor quality.

The red residual clays might be used in some places; but
they are generally of poor plasticity, and contain coarse rock
fragments which would require crushing.

The following firms manufacture brick: Chattahoochee
Brick Company, Palmer Brick Company, South River Brick
Company and the Capital City Brick Company. There is one
terra cotta firm, The Atlanta Terra Cotta Company, and one
stoneware pottery, located at East Point. The two last men-
tioned firms obtain their clays from other parts of the State.

- Tae Atvanta Terra Corra Company.—This is the only
company in the State, which manufactures to any considerable
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extent, architectural terra cotta. The output of the plant is
very creditable and the product may be seen in many fine
buildings in Georgia and other Southern states.

GLYNN COUNTY

There are no clay industries in this county, and no clay
deposits have yet been discovered which could be utilized suc-
cessfully for a large plant. Deposits of clay occur in Buffalo
Swamp and other smaller swamps in the western part of the
county. The deposits are of Pleistocene age, probably more
recent than the Columbia sand; they are usually of small
thickness and contain more or less organic matter; they are
sandy, but very fine grained and plastic. The most serious
objection to their use for brick, would be perhaps, difficulties
of successfully drying, unless very sandy. The more plastic
clays occur in pockets of restricted areas and are usually of
small thickness. Professor W. S. Yeates, late State Geologist,
reported having found a thickness of 8 feet at one place, but
the deposits examined by him generally had a maximum thick-
ness of only 4 or 5 feet, and were of small lateral extent. A
deposit of plastic clay occurs in the swamp or marsh land
along Turtle River, southeast of Bladen on the property of
Dr. Archibald Smith. A sample of the clay from this locality
burned red and steel hard at cone 05, but showed poor drying
qualities. ‘

GRADY COUNTY

Clays of the Altamaha formation suitable for common
building brick, may be found accessible to the Atlantic Coast
Line Railroad. These clays will probably be found similar
in their properties to the clays at Climax and Attapulgus in
Decatur county, which have been previously described. The
clays may occur as greenish or drab plastic layers several feet
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in thickness, or as thin layers or leaves only a few inches thick,
interstratified with red and yellow sand. Many of the clays
are somewhat in the nature of fuller’s earth, and although
generally very sandy themselves, would require a mixture
of sand to improve their drying and burning qualities.

GREENE COUNTY

Common building brick are manufactured by the Ogeechee .
Brick Company at Union Point. The clay employed is a mix-
ture of yellow colluvial plastic clay and a disintegrated erupt-
ive rock consisting principally of hornblende and plagioclase
feldspar. - The plastic clay is the residual clay derived from
the igneous rock which has been transported only a short
distance, being sithply washed down to the foot of the hill.
The section in the pit showed three feet of surface clay under-
lain by 5 feet of disintegrated and decomposed igneous rock.
Near the contact between the clay and the rock, there are
scattered lime carbonate mnodules; which were probably
derived from the decomposition of the hornblende and sub-
sequently segregated as nodules. Such an occurrence of lime
carbonate in a clay of this origin, is very unusual. These
nodules, unless they are finely pulverized, will cause the
burned brick to crack, but fortunately do not occur in large
quantity and can be avoided in mining the clay.

A fair quality of building brick is made, but the plant is
small and was established chiefly to supply a local demand
for brick.

The following are laboratory tests on a sample of this clay;
plasticity, good; tensile strength 154 pounds per square inch,
air shrinkage, average, 8.7 per cent.

Burning Tests

Cone Fire-shrinkage Color Condition
05 1.9% red good body
01 1.9% dark red steel hard

3 ceeee e melted
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Chemical Analysis

Moisture at 100° C.....covtiiiiiiiiiiiiiiiienns 2,444
Loss on ignitiom ......ooviniiiiiiii it . 7.281
SIHEA tvviit et i i e 47.586
Aluming ... .ciiiiiiiii i i i 23.383
Ferric oxide .........iiniiiiiiiiiiiiiannianesans 8.473
75 - PP 4.936
Magnesia ......ooeiiiiiiiiiiiieeii e 3.384¢
Manganous OXide ........ociiiuiiiinniiiaiiaaiaanns .062
Sodium 0xXide ...ttt i 1.118
Potassium oxide ......... oottt .354
Titanium dioxide .........c.ciiiviiiiiiiiiiiiiit, 931
Sulphur ... e 139
Phosphorous pentoxide ..............ccoiiiiiiii., trace

Total. ..o it e e e 100.091

HALL COUNTY

Hall county lies in the Piedmont Plateau, and the clays
are red residual clays, derived chiefly from the decomposition
of mica schists and gneisses, and blue and yellow alluvial and
colluvial clays found along small streams. The Chattahoo-
chee River flows across the county, but its alluvial valley 1is
narrow and sandy, and should clays be found along its course,
they are at present removed from railway lines and conse-
quently of little or no value.

The deposits along the small streams are bluish or almost
white in color, usually very sandy, have good drying quali-
ties and burn to a light red or buff color, but do not burn
to a dense body except at temperatures higher than are ordin-
arily employed in burning common building brick. Parts of
these deposits, however, are very plastic and have been used
in the manufacture of common earthenware. The residual
clays are deep red, have very low plasticity, and usually con-
tain small angular fragments of quartz and undecomposed
rock. Those deposits at the base of hills attain greatest thick-
ness and are freest from rock fragments. KExperience has
shown that for common building brick the best results are
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obtained by mixing the red residual clays and the stream
deposits, both from the standpoint of economy, since the
stream deposits are small and would be soon exhausted if used
alone, and because a better color and harder brick at a low
temperature can be obtained by the mixture.

At the time the data for this report was being collected,
there were four brick yards in operation at Gainesville, and
one at Oakwood, and two small potteries or ‘‘jug factories,’’
one at Oakwood, and one at Gillsville. At the brick plant
operated by G. R. Wheeler and Son, near the Southern rail-
way station at Gainesville, a colluvial deposit of red and
“‘white’’ clay is used. The clays are mixed half and half.
The resulting mixture is of rather low plasticity and strength,
but makes a fair grade of common building brick,

At the yard of M. D. Hudson, opposite that of Wheeler and
Son, there is 14 feet of red clay underlain by 5 feet of bluish-
white, more plastic clay. These clays are not in place, but
are typical colluvial deposits. They are mixed 24 red and 14
“‘white.”” Similar clays are found in the pits of Mrs. P. P.
Pfeffer, a short distance east.

A good quality of common building brick was being made
at Oakwood by the Standard Brick Company, from a mixture
of red residual clay and a deposit of bluish plastic clay occur-
ring along a small stream.

The potteries located at Oakwood and Gillsville, are small
and are not operated steadily. They manufactare jugs, jars,
churns, ete., and select the most plastic clays occurring along
the small streams.

The following tests of colluvial clays occurring along the
Gainesville Midland Railroad, south of Gainesville, were
furnished the writer by Mr. Wayne Cunningham of Savannah.

A light colored gray clay containing a high percentage of

quartz and mica showed:
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Air-shrinkage Cone Fire-shrinkage Total shrinkage
5.5% 07 0.0% 55% -
5.5% 04 0.2% 5.7%
5.3% 02 0.7% 6.0%
5.0% 1 0.7% 5.7%
5.3% 3 0.7% 6.0%
5.5% 5 0.7% 6.2%
5.0% 7 1.2% 6.2%

The clay burned to a buff color.
A yellow sandy clay of low plasticity showed:

Air-shrinkage Cone - Fire-shrinkage Total shrinkage
7.0% 07 5.5% 12.5%
8.0% 04 1L5% 19.5%
8.0% 02 12.0% 20.0%
8.0% 1 12.0% 20.0%
8.0% 3 12.5% 20.5%
8.0% 5 warped in burning
7.5% 7 12.0% 19.5%

HARALSON COUNTY

This county is for the most part underlain by mica schists
which are probably of sedimentary origin and have been
highly metamorphosed. These schists are yellow or brown in
color, highly micaceous, fissile, and are intersected by quartz
veins. A sample was taken from a railroad cut near Dugdown
P. O. for tests in the laboratory, in order to arrive at some
conclusion as to its value for clay working purposes. It
showed very little plasticity and its tensile strength was very
low. At cone 01, it burned to a dull brown red with a shrink-
age of 3 per cent., and was soft and friable. Af cone 5 it was
vitrified with a shrinkage of 11 per cent. The material is of
little or no value for clay products on account of its lack of
plasticity and air dried strength.

Alluvial clay suitable for common building brick can be
found along the Tallapoosa River near where the Southern
Railway crosses it. A sample was tested in the laboratory
with the following results. The clay is yellow, fine grained,
highly micaceous and shows rather low plasticity; it required
33 per cent. of water to develop its best plasticity and showed
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an air shrinkage of 5.5 per cent.; its tensile strength was
(average) 50 pounds per square inch.

Burning Tests

Cone Fire-shrinkage Color Condition

05 2.1% pale red soft, absorption 20.9%
03 5. % red B
5 8.3% dark red semi-vitrified

Chemical Analysis of Tallapoosa Clay

Moisture at 100° C.......ivvnreiinneerenanrensnnnns 0.929
Loss on ignition..............., et

1 5 T P
Aluming ......viviiiireiii ittt c e
Ferric 0xide ........ooiiiiiiiuniiineeeronereananens

Lime ..........cc00cieen

Magnesia .............

Manganous oxide
Sodium oxide ...........
Potassium oxide
Titanium dioxide

Sulphur. ... i e e e .017
Phosphorous pentoxile ............cceiiieiiiieiiin. 011
otAlL . 99.798

This clay can doubtless be successfully used for common
building brick. The deposit is undeveloped and the sample
tested is from near the surface, and it is likely that more
plastic and stronger clay occurs deeper.

IRWIN COUNTY

This county lies within the Coastal Plain and is entirely
underlain by the Altamaha formation. Sandy clays of this
formation will be found beneath the mantle of loose sand
which covers the surface, and in places can possibly be suc-
cessfully used for brick. The clay found in the Altamaha in
Irwin county will not differ materially from that found in the
formation at other points in Southern Georgia. Alluvial
clays can probably be found along the Ocmulgee River, thdugh
at present removed from railway lines.
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JACKSON COUNTY

There are no clay industries in this county. Alluvial clays
suitable for common building brick can likely be found in the
valleys of the larger streams, and the more plastic of these
clays will probably be suitable for common pottery. When
used alone the residual clays are of little or no value.

JEFF DAVIS COUNTY

Alluvial clays will be found along the course of the Ocmul-
gee and Atlamaha rivers and are ultimately to be the most
valuable clays in the county. They are not likely to be of
great thickness, maybe averaging 3 or 4 feet, and owing to
the dense vegetation growing in them, will be difficult to mine.
They are fine grained, bluish or yellow in color, and very
stiff and plastic; by inference from similar deposits above and
below this county, they should be found suitable for brick,
sewer-pipe, drain tile and roofing tile.

Alluvial clay is being used for common building brick by
the Lumber City Brick Company, opposite Lumber City.
The clay here is from 1 to 7 feet in thickness, having an
average of probably 3 feet; the overburden is practically nil.
If vsed without any admixture of sand, the burned brick are
badly cracked and shivered; this is due to the very stiff
plastic character of the clay, imperfeet pugging, and to
laminations produced by stiff mud machines in clays of this
kind. The remedy is in mixing in a sand or more open clay
and thoroughly mixing or pugging. The clay burns red and
to a dense body at low temperatures.

Brick clays may be found at various places in the Alta-
maha formation which underlies the  county, but these clays

are inferior in quality compared with the alluvial clays, though
there would be much less expense in mining them.
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- JONES COUNTY

In addition to the valuable kaolin and fire-clay beds of this
county, there are deposits of low grade, plastic clays of Ter-
tiary age, which may be of value in connection with the white
clays. ‘

These clays occur in the red sand (Claiborne group) over-
lying the strata bearing the kaolins and fire-clays, and are of
sedimentary origin and are marine deposits; they may reach
a thickness of 30 feet or more, are thinly bedded or massive;
drab or greenish in color, soft, very plastic and have a high
air dried strength.

A sample of Tertiary clay, from the property of J. R. Van
Buren, lying just north of the kaolin deposit, 114 miles west
of Griswoldville, previously described in this report, was
tested in the laboratory alone, and also mixed with the adja-
cent fire clay and kaolin in the railroad cut.

Prvysicar. Tests oN TerTIARY CraY.—The clay is very fine
grained, sandy and plastic; it requires a high percentage of
water for mixing, shows a high air shrinkage, 14.7 per cent,,
and an average tensile strength of 200 pounds per square
inch. , -

Burning Tests

Cone Fire-Shrinkage Color Condition
03 1.6% " light buff steel hard
1 3.1% dark buff steel hard
4 2.9% dark buft not vitrified
12 eracked, no measurement
15 6.4% almost black vitrified

A mixture was made, consisting of 4 parts of Tertiary
clay, 2 parts of coarse sand containing a small percentage of
kaolin, and 1 part of kaolin. This mixture showed a shrink-
age of 9.5 per cent. and fair plasticity and strength.

Burning Tests
Cone Fire-Shrinkage Color Condition
4

0.7% light buft not steel hard
12 1.1% dark buff not vitrified

22
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The Tertiary clay should be found suitable for mixing in
small percentage with the kaolin for fire-brick on account of
its good bonding power and low fire shrinkage, since the
kaolin itself has generally poor strength and a high fire shrink-
age and cracks badly in burning. It might also be used for
ornamental building brick for producing various shades of
color and reducing the fire shrinkage, when the more fer-
ruginous parts of it are selected. The tests do not indicate
that vitrified products could be made by any mixture, since
the vitrifying point would be too high for economic con-
sideration.

RoBerts.—A deposit of Tertiary shale clay is exposed in
a cut of the Georgia Railroad one mile east of Roberts. The
following is a geological section of this cut beginning at the
top:

1 Bright red, unconsolidated sand................. 8 to 10 feet
2 Greenish and drab shale-clay........ .......... 12 ¢

3 Sandy clay containing calcareous nodules........ 10 ¢¢

4 Bluish very fossiliferous mud.................. 8 «¢

5 Decomposed crystalline rock...................

The following are tests and analysis given by Ladd! on
clay from this point: ‘‘Specific gravity 1.80 to 2.00; fire-
shrinkage 2 per cent.; fusing, points 2,012° F. and 2,336° F.
(determined by pyrometer); burned color, buff. Tensile
strength of samples’’: )

1 Base of beds, 143 Ibs. per square inch.
2 Middle of beds, 304 1bs. per square inch.
3 Top of beds, 255 Ibs. per square inch.

Chemical Analysis

Hygroscopic moisture .............ccciiiiiiiiiiins. 3.64
Loss on ignition ............cccoiiiiiiiiiiiiiia, 19.41
Combined silicsd ........ccviiiiiitiiniinriniieiannnnn 13.62
Freesilicaor sand..........coiiriiiirieinennnnenenns 36.80
AlUming ...t i e e et e i 11.56
Forric oxXide ...ovvevvintini ittt it 2.20
7 < S AP 13.89
Magnesia ... 1.73

1. Geol, Surv. Ga. Bulletin, 6-A, p. 147.
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Potash ..... oottt it trace
1S ¥ 1.36

Total, less moisture................. ... ... ..., 100.57
Clay base .....ouiiiinii it 44.59
Fluxing impurities .............. ... ... .o il 19.18

It is suggested that it might be mixed with the kaolins
and fire-clays to the southward for paving-brick. The high
percentage of lime shown in the above analysis is unusual in
the Claiborne clays, and at this point the section as a whole
would show a smaller percentage of lime than that given in
the analysis. The uniformity of composition of the clay is
problematical. Fire-clay deposits occur a short distance
southward and the indications are sufficiently favorable to at
least justify experimentation on a mixture for paving blocks.

LAURENS COUNTY

Alluvial clays suitable for common building brick may be
found along the Oconee River. The northern part of the
county is underlain by the red sand of the Claiborne, together
with some bedded deposits of sandy and calcareous clays and
clay shales. The southern part of the county is generally
mantled with loose Columbia sand and is underlain by the
Altamaha formation, which contains thin beds of both soft
and hard clays. Good exposures of this formation may be
seen south of Dublin in the bluffs of the Oconee and along the
Macon, Dublin and Savannah Railroad. The clays of the
county are comparatively unimportant and can hardly have
more than a local value.

Common building brick are being made at one locality,
Dublin, from alluvial clay of the Oconee River. The clay at
Dublin is of a bluish or yellow color, quite stiff and tenacious,
and varies considerably in thickness and texture; it will
average not more than 3 feet of workable clay, though in
places it may have a thickness of 8 or 10 feet. In places
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there are small lime nodules about the size of a walnut, which
are due to the clay being in part derived from the underlying
Vicksburg-Jackson limestone. The burned brick are rather
poor in quality, due to warping, and a tendency to spall or
split, a defect which could be overcome by mixing in sand and
thorough pugging. It has an air shrinkage of 6.6 per cent.,
and an average tensile strength of 148 pounds and a maximum
of 180 pounds per square inch; it burned red and at cone
05 the shrinkage is nothing; at cone 5, it was very dark red
and not vitrified. '

LIBERTY COUNTY

The Dixie Plant of the Ludowici Roofing Tile Company is
located at Ludowici, a station on the Atlantic Coast Line,
and the Georgia Coast and Piedmont railroads; at this fac-
tory are manufactured unglazed, interlocking roofing tile, and
it has the distinction of being the only roofing tile plant in
the South. '

The clay used is located near the factory on Jones Creek,
a small tributary of the Altamaha River. The deposit is of
Pleistocene age and is probably the equivalent of the second
bottom or Columbia deposits of the Chattahoochee, Ocmul-
gee and Savannah rivers, and was deposited during a high
stage of water in the Altamaha River. The deposit is about
6 miles distant from the river, but is at the present time
occassionally flooded by back water from the Altamaha.

The clay is 4 to 7 feet in thickness, has practically no
overburden and is underlain by a white water-bearing sand.
It is yellowish, red and bluish in color; a mixture has a yel-
low color, is very fine grained; stiff and plastic. It is free
from pebbles, coarse sand or coarse rock fragments. The
clay is noticeably bluer, stiffer and more plastic around the
roots of old stumps, and the change has evidently been
effected by organic acids from the wood. The deposit ‘is
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mined in small separate pits, with pick and shovel; water
accumulates rapidly in the pits and drainage facilities are
poor, and in mining the clay, a clay partition is left between
the pits, to prevent the water which accumulates in the
abandoned pits from flowing into those which are being
worked. The clay is hauled in cars by mules to the plant
which is about one half mile distant.
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Fig. 11.—8ketch Illustrating the Occurrence of the Roofing-tile Clay at
Ludowici, the Broken Lines Indicating the Clay.-

At the plant, the clay is thoroughly pugged and soaked
before being pressed into tiles and is burned in rectangular
down draft kilns at about cone 04.

The following are laboratory tests on a sample of the
Ludowici clay:

Color (raw) ........ccvvivvnnnnnennnnn. yellow
ToXture ....coovvveiieeernmneeennnnnns very fine grained
Specific gravity ................ ... 2.5
Water required for mixing.............. 28%
Plasticity ............oovviiiiiia.. highly plastie
Air-shrinkage (average) ............... 8.3%
Drying qualities ...................... tendency to warp and crack
if dried rapidly
Tensile strength (average).............. 116 1bs. per sq. ineh.
(maximum) ....................... 177 1bs. per 8q. inch
Comne 05—
Fire-shrinkage ........................ 1.2%
Color‘ eeeeen e ee ettt aaeea pale red
Condition not steel hard
Absorption 18%
Cone 03—
Fire-shrinkage ...... e 39%
Color ..ot pale red

e reeeeee i iet e steel hard
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Cone 1—
Fire-shrinkage .............. .ol 4%
Color ...ttt e e e good red
Condition ........ccoviiiiiiiiininniannn developed eracking in burn-
ing
Cone 4—
Fire-shrinkage ................cv ... 0 41%
ColoT .ov i e dark red
Condition .........covivvuniiiiinnnn., developed cracking in burn-

ing, not vitrified
Absorption tests were made upon a number of tiles such as
are being placed on the market by the Ludowici Company

from their Ludowici factory. After 48 hours immersion, the
amount of water absorbed ranged from 12.5 per cent. to 16.7
per cent. The tile absorbed water rapidly and showed very
little increase after the first two hours of immersion.

High absorption is not necessarily an indication that the
tile can not undergo sudden changes of temperature in a
rigorous climate without disintegration. As pointed out by
‘Wheeler! the durability of a tile is a factor of the intermole-
cular strength of the burned product, and a porous tile
may withstand frost action as well as a tile of low absorption
on account of the greater intermolecular strength of the
former and its ability to withstand the expansion of freezing
water in its pores on account of the strength of the clay parti-
tions between the pores.

The following is a chemical analysis of a sample of the
Ludowici clay:

Moisture at 100° C.........cotiiiiiiiiiiiiiii e 5.169
Loss on ignition........... e ettt 8.959
Siliea ... e e 57.302
(Band ......iii e e e s 27.163)
Alumina ...t i i e 20.026
Ferric oxide .....coiviiiiiiiiiii i e 6.381
Lime .. ...t e ey 161
Magnesia .......ovveeiiiiaiiiiiieeiinaann A 442
Manganous oxide .............coiiiiiiia, trace
Sodium oxide ......oiiiiiiiiii i .260
Potassium oxide .............. ... il 485
Titanium dioxide ........... ..o il 1.364
Sulphur ... e trace
Phosphorus pentoxide ............ccoiiiiiiiiiia, trace
Total ..o i e 100.549

1. H. A, Wheeler, Trans.” Amer, Cer. Soe. Vol. VIII, p. 154,
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LOWNDES COUNTY

There are no clay industries in this county and the clay
deposits so far as known are of little relative economic
impdrtance. A mottled, sandy clay, similar in appearance to
the Altamaha clays elsewhere, was noted in a cut of the
Atlantic Coast Line Railroad between Kinderlou and Ousley.
A bluish sticky sandy clay was also noted in the banks of the

Withlacoochee River near Olympia, but it does not give much
- promise of being of value, even for brick purposes. Deposits
of swamp clay could probably be found along the Allapaha
River in the eastern part of the county.

McINTOSH COUNTY

The surface of McIntosh county is low, flat and swampy,
and is covered with sand. The only clays known are deposits
of restricted area occurring in swamps, or in depressions
which have formerly been swamps. Bluish muds are reported
in the coastal marshes. There are two brick plants in the
county, one at Townsend, The Townsend Brick Company, and
one near Theo or Darien Junction, The Altamaha Brick and
Tile Company. ‘

The Townsend Brick Company is using a swamp deposit
which attains a thickness of 4 or 5 feet; the clay contains a
high percentage of organic matter, decayed vegetation, and
when wet is almost black in color; it is quite sandy, on an
estimate containing probably 75 or 80 per cent. of quartz
sand, and consequently has very little shrinkage, and in burn-
ing there is probably an expansion. Roots of trees and poor
drainage are difficulties encountered in mining. The burned
brick are a dull gray and when hard burned are almost a
blue. The explanation of this color may be due to the car-
bonaceous matter preventing the oxidation of the iron and
leaving it in a ferrous condition.
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The clay on the property of the Altamaha Brick and Tile
Company, has an average thickness of about 5 feet and is
underlain by water bearing sand. Near the surface the clay
is quite sandy and contains carbonaceous matter, but is more
plastic, deeper. Drainage facilities are poor and water has
to be pumped from the pits even in fair weather. The burned
brick are red and when the clay is not too sandy are of fair
quality.

. MACON COUNTY

Alluvial clays occur along Flint River, which can be used
for building brick. The alluvium is generally very sandy
and of small thickness, averaging probably not more than 4
feet; but stiff plastic clays may be found in places. A small
brick plant is being operated near Oglethorpe.

The clay occurs in the second hottoms, which are swampy
and covered with dense vegetation, and unless the land has
been cleared for some time, the mining of the clay would be
expensive on account of roots of trees.

MERIWETHER COUNTY

Meriwether county lies within the province of the Pied-
mont Plateau, and the rocks are mainly granites and granite-
gneisses, with schists and quartzites in the southern part of
the county. The residunal clays can not be expected to be of
much value for clay products. Alluvial clays may be found
along the larger streams, and should be found suitable for
common building brick. A small sample of alluvial clay from
the property of J. R. Betts near Woodbury, was coarse
grained, sandy and micaceous, but developed a fair plasticity
and showed an air-dried strength of 60 pounds per square
inch. At come 01, it burned to a light red and showed a
total shrinkage of 8.4 per cent. Mixed with a more plastic
or less sandy clay, it would probably be well adapted for com-
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BRICK PLANT OF THE ARNOLD BRICK CoMPANY, THOMASVILLE, THOMAS COUNTY, GEORGIA.
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mon building brick. The writer has no information as lo
the extent and thickness of the deposit.

MITCHELL COUNTY

The eastern half of Mitchell county is underlain by the
sands and sandy clays of the Altamaha formation, while the
western half along Flint River is underlain by the Vicksburg-
Jackson limestone and the whole is covered by a thin mantle
of loose gray Columbia sand. Clays can probably be found
along Flint River and are not likely to differ greatly from
those described in Dougherty county.

The following section of Altamaha clay is exposed in a
cut of the Atlantic Coast Line Railroad, two miles north of
Pelham:

1 Red and gray splotched clayey sand, case-hard-

ened by an iron oxide cement.................. 4 feet
2 Qreenish or drab, laminated, fine-grained clay.... 5 ¢¢
3 Laminated, gray, clayey sand, with purplish
splotehes ...... ... ... ... i, 4 ¢

This clay could possibly be used for common building
brick, but may be expected to have objectionable properties
similar to the Climax clay of Decatur county.

MONTGOMERY COUNTY

Deposits of alluvial clay occur in the swamp land along
the Oconee River and may prove to be valuable clays. They
are undeveloped and unprospected, except at one point near
Mt. Vernon, where a deposit is used for common building brick
by Messrs. Mason and Bland. The brick plant is located on
the Seaboard Air Line Railroad about 2 miles west of Mt.
Vernon-station. The clay used lies in wooded swamp land;
it is very fine grained, plastic and free from coarse sand and
pebbles; so far as it could be ascertained it was about 4 feet in
thickness. There is no overburden; difficulties in mining are
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experienced from roots and water. Similar deposits can prob-
ably be found both above and below this point.

Pravsicar, Tests ox Ocones River Cray, MT. VErNoN.—The
clay is very fine grained and plastic; it requires a high per-
centage of water to develop its best plasticity ; tensile strength,
average, 172 pounds per square inch; air shrinkage, average,
9 per cent. When the strong plastic clay is used alone, its
drying qualities are poor. :

Burning Tests

Cone Fire-Shrinkage Color Condition
07 2.1% pale red soft
04 6.8% pale red steel hard
01 71% light red exterior vitrified
2 7.4% dull red exterior vitrified
4 9.1% : dark red vitrified, swelling
14 e very dark vitrified, cracked badly

The clay is somewhat similar to the Ludowici roofing tile
clay. It shows a slightly higher air shrinkage, and a higher
fire shrinkage, but is more plastic and stronger and contains
a smaller percentage of sand. The burned color is similar,
but it burns to a denser body at lower temperatures. It has
serious disadvantages for common building brick, unless
mixed with sand or sandy loam, on account of poor drying
qualities and a tendency to crack in burning.

The following is a chemical analysis of the more plastic

clay:

Moisture at 100° C........coiiiiiiiiiiiiiiieinan, 4.140
Loss onignition ..............coiiiiiiiiiiiia, 10.810
Siliea ............... e e 50.080
T T B R 12.620)
Aluming ...t i i i i 26.732
Ferric 0Xide .........vvvvivriiiiinririiiiirnaiinns 5.950
Manganous 0xide ..........cceiiiiiiiiiernaanineaan trace

75 7 V- J U 240
Magnesia ....coviiiiin ittt 371
Sodium oxide ......... ittt i i e 413
Potassium oxide .........c.iiiiiiiiiiiiiiiriiinioan. 637
Titanium dioxide ..........cvvviiiiiiiiiiiiineee.n, 1.118
Sulphur ...ttt e .000
Phosphorous pentoxide .........cooveiiiniiiii., 000

Total ........ccovvnns R 100.491
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MUSCOGEE COUNTY

Alluvial clays of the Columbia age, occur in the first ter-
race above the Chattahoochee River and are being used exten-
sively for common building brick at Columbus. There are at
present three plant$ in operation: G. O. Berry and Com-
pany, Sheperd Brothers, and the Muscogee Brick and Terra
Cotta Company. The clays lie in the terrace, 40 to 50
feet above the river; they are genmerally very plastic, but
will vary in texture and thickness; they have been derived
from the crystalline rocks of the Piedmont region and are
free from lime nodules and any objectionable soluble salts.
They are at present being used only for common building
brick, but some of them also offer possibilities for sewer pipe,
drain tile, and common pottery.

The following section was made in the pit of G. O. Berry
and Company:

1 Sandy soil ..........c.iiiiiiiiiiiiiiiaes 1to2 feet
2 Bluish, very plastic elay.................. 4tob “
3 Blue, sandy, plasticelay................... 6 ¢
4 Sandy, micaceous clay, with occasional peb- ‘ .
BIEE .« et ettt 215 ¢«

The following physical tests and the chemical analysis
were made from a sample of the more plastic clay and not upon
the brick clay mixture.

The clay is a light yellow in color, very plastic and required
45 per cent. of water to develop its maximum plasticity; air
shrinkage, average, 9.1 per cent.; tensile strength, average,
154 pounds per square inch. In the manufacture of common
building brick, sandy clay is mixed with the more plastic
clay, thus reducing the air shrinkage and improving its dry-
ing, and burning qualities, and a good common building brick
is produced.
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Burning Tests

Cone Fire-Shrinkage Color Condition
05 5.0% very pale red steel hard
03 6.0% pale red steel hard
1 "6.3% LA black core
4 7.4% LA vitrified
13 71% dark color glightly blistered and
warped

Chemical Analysis

Moisture at 100° C.........o i ittt 2.317
Loss on ignition.............. ... .. .o i, 11.833
£ 1 - Y 49.411
(Sand ...... e e e e e e e 22.715)
AlumiIng ... ..ttt ittt e e, 28.649
Ferric oxide ... ..ottt e e e 5.586
B - O trace
Magnesia .......cooviiiiii i e 366
Manganous oxide ..........c.oiiiiiiiiiiiiiiii i trace
Sodium 0xide . ...t e e 424
Potassium oxide ........ ..ottt 112
Titanium dioxide ........cciviiiiiiniiireinnnennnnnn. 920
Total ... o e e 99.618

The clays at the Berry yard and at Shepherd Brothers are
quite similar.

MuscoceEe Brick aAND TEerra Corra CompaNy.—The brick
plant of this company is located on the Central of Georgia
Railway, 3 miles east of Columbus. It is one of the best equip-
ped plants in the State. The clay used is a Pleistocene deposit
along Bull Creek, forming a plain about 15 feet above the
creek. The general section of the deposit is:

Sandy soil and sand............. [P 1 to 2 feet
Stiff, plastic elay................ ... ... oo 0 to 8 ¢¢
Coarse sand and gravel............oviiiiiiinnt tiiinnn,

The deposit as a whole is quite variable and is objection-
able because of its lack of uniformity. The clay is fine
grained, stiff and tenacious and is difficult to work in a stiff
mud machine and cracks badly in drying, unless mixed with
sand or sandy loam. It is necessary to use such a large per-
centage of sand that the burned brick are porous and have
low strength. The sand associated with the clay is often
quite coarse. ‘
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It is possible that a schist could be found a few miles to
the northward, which could be mixed with the clay, to improve
its drying qualities and working qualities and at the same time
reduce the fusion point of the clay and produce a harder brick
at a low temperature, which can not be effected by the use
of sand as an anti-shrinkage agent, since the stiff clay is not
within itself easily fusible and the sand increases its fusing
point.

NEWTON COUNTY

The clays of Newton county are only of local importance;
they consist of red residual clay derived from granites and
gneisses and deposits of alluvial clays suitable for common
building brick. Small brick plants are located at Covington
and Starrsville. The plant at Covington is located 114 miles
northwest of town on the Georgia Railroad, and is using an
alluvial deposit along a small stream. The clay burns to a
buff color and the brick are porous and otherwise of poor

quality. The clay deposit is small. '

' Anderson Brothers operate a small plant near Starrsville
on the Central of Georgia Railroad. The clay deposit lies in
the bottom land of Alcovy River and is alluvial and partly
colluvial in origin; the clay is bluish-white, quite sandy but
has a good brick clay plasticity. The deposit showed a thick-
ness of 5 feet or more and probably underlies a considerable
area. The plant is small and is operated only a part of the
year.

Prysicar Tests.—Coarse grained, very sandy, plasticity
fair; air shrinkage, 6 per cent.; drying qualities good, and
it possesses sufficient air dried strength to insure handling
without any great breakage.

Cone Fire-Shrinkage Color
07 1.2% : salmon
03 5.6% ¢

1 6.9% red

5 7.2% dark buff



350 THE CLAY DEPOSITS OF GEORGIA

The clay is very sandy and will not burn to a deep red
~color nor to a dense body at low temperatures. It shows no
sign of warping or cracking in burning; and if properly
worked and burned, is capable of making a fair grade of
common building brick.

The brick, if made by the stiff mud process, will show a
tendency to laminate, and the clay would have to be erushed
on account of the coarse quartz fragments that it contains.

Clay deposits will be found along nearly all of the streams
of the county, but the extent and quality of such clays will
rarely justify any large plant for their utilization.

Chemical Analysis of Starrville Clay

Moisture at 100° C..... ... ... ittt 1.605
Loss on ignition............. ... ... .l 8.458
S Y P 58.456
Aluming ...ttt e e 23.262
Ferric oxide ......coviuiiiniiiii ittt 4.622
B 1 O 190
Magnesia ...oviiiiiiin i i i .360
Manganous oxide .............. ittt trace
Sodium oxide ......... i il e 524
Potassium oxide. .. ... ...ttt 2.270
Titanium dioxide.........ooviriniieeiiiirennneennnn. .460
Sulphur ... e trace
Phosphorous pentoxide ................ . il trace

Total ..ot i i e e 100.207

OCONEE COUNTY

A small pottery -where jugs, jars, flower pots, etc., are
manufactured, is located at Bogart and owned by J. D. Brewer.
The equipment consists of a gmall pug mill run by a traction
engine, two pottert’ wheels and an oven with a capacity of
about 600 gallons. Only a small quantity of clay is required
and this is obtained from the valley of a small stream to the
north of Bogart. Alluvial and colluvial deposits can probably
be found along the streams, but such deposits may be expected
to be very limited except along the larger streams. The resi-
dual clays are of little or no value for clay working purposes.
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OGLETHORPE COUNTY

The clay of the ‘‘flatwoods’’ country in the eastern part
of the county, may prove to be of some economic value in the
future, but is now too far removed from railway lines to be of
any value. There are no clay industries in the county.

PAULDING COUNTY

Common brick for local uses have been made at Dallas
and Hiram. Brick clays may be found along the small
streams, though in limited quantity. The residual clays are
at present valueless for clay products.

PIERCE COUNTY

The only geological formations exposed in this county are
the Columbia sand and the Altamaha formation. In the latter
will be found inter-stratified plastic clays and sands, and the
clays may be expected to have properties similar to the clays
of the same formation now being used at Odessa and Waynes-
ville in Wayne county.

POLK COUNTY

The decomposed metamorphic shales and the slates of the
Rockmart formation afford some material of value to the clay
worker.

CarrToN CLay Prr.—A very interesting clay is being mined
by H. M. Carlton, 4 miles east of Rockmart. The deposit is
in a hill between the Seaboard Air Line and Southern Rail-
roads, and the clay is hauled to Beatty Switch about 1 mile
distant from the mine.

The clay is a highly decomposed metamorphic shale lying
near the base of the Rockmart formation. The shale is soft
and friable but retains to some extent its original structure,



359 THE CLAY DEPOSITS OF GEORGIA

and has a ligneous or woody texture similar to the so-called
““Caen’’ stone south of Rockmart. The clay pit has a face
of 15 feet in which the shale is decomposed, and is generally
a cream, or light yellow color, and is ‘'overlain by 30 feet of
brecciated chert and sandstone, which is in places a low grade
iron ore. The clay has an unctuous, talcose feel but may
contain geodes or drusy cavities of quartz crystals. The
decomposed rock such as seen in the pit, is evidently in great
quantity and sufficient for any clay working purposes for
which it may be adapted.

This material is being used for terra cotta purposes, though
the demand for it is small and the price about $1.00 per ton,
is no encouragement for extensive mining.

The following physical tests were made in the laboratory of
the Geological Survey by the writer:

Color, a light buff or eream; soft, but requires crushing;
very poorly plastic; low tensile strength, not exceeding 12
pounds per square inch. The burning tests were as follows:

Cone Fire-Shrinkage Color
o5 L pale buff or cream
03 4.1% eream
11.9% ) buft
14 ' 12.0% dark gray, buff

At cone 05, the clay was soft and friable and showed very
little change from its raw color; likewise at cone 03, it was
soft. At cone 4, it was vitrified, and showed black specks of
iron. At cone 14, it showed complete vitrification and glis-
tening specks of iron. Its fusing point was cone 18, and it is
not a fire-clay. On account of its lack of plasticity and low
strength, it can not be used alone, but is an excellent material
for terra cotta mixtures since it burns to a very dense body
and a light color at the temperatures used for burning terra
cotta. It showed no cracking or warping up to cone 4.

Chemical Analysis of Carlton Clay

Moisture at 100° C...........coiiiiiiiiiinn ., 0.103
Loss on igmition.................. .ol 3.922
Bilica ...t e 67.565
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Aluming .......ovitiiiitnrninieiantenarernareraanan 20.796
Ferric 0Xide ....ovvvinninnenrsrneconretanncsencennns 2,002
P 578
Magnesia ...oviiiiiiiiiiiiiiit it it 1.064
Sodium o0Xide . ...ttt i i e i et i 1.070
Potassium oxide ................... et etaeereas ... 2.056
Titanium dioxide .........cit ittt i i i i 1.104

L 3 7Y 100.260

The shales and ¢‘Caen’’ stone of the Rockmart formation
and their weathered residue, will probably be found adapted
for building brick, but the chief fault of such material will be
low plasticity and low dried strength. The unweathered
material might be more successfully used by the dry press
method. ' '

The following is an analysis of the ‘‘Caen’’ stone, which is
an altered metamorphosed shale. It probably received the
name ‘‘Caen stone,’’ from a fancied similarity to the famous
French building stone from Caen. -

Water ...ttt il e,
Siliea, 810, . ..viiiiiiiiiiii e
(Band ... . it i it e s
Alumina, ALO; ............ e e aeee e
Ferric oxide, Fe,0,
Time, CaO . iuuririniniiiierin it iintiioiiiinaeaes
Magnesia, MgO ......coiiiiiiiiiiieenninnnn PR
Soda, Na,0 ........... PN
Potash, K,0 ... .oouniii i i
Phosphorous pentoxide, P.O; ............ ...l trace

The above analysis indicates a red burning clay of low
fusibility.

Caex Stone.—A sample of the ‘‘Caen’’ stone from near
Rockmart, having a yellow or brownish color and the charac-
teristic ligneous texture, was tested in the laboratory. Ground
to pass a 40 mesh sieve, it showed little or no plasticity and a
tensile strength not exceeding 8 or 10 pounds per square inch;
its air shrinkage was 1 per cent. Burned at cone 05, it showed

23
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good uniform red color and showed a shrinkage of 4 per cent.;
there was no warping or cracking, but the bricklet was very
porous. At cone 1, it burned to a dark red; fire shrinkage, 6.5
per cent., and was steel hard. Such material as the un-
weathered shale can not be used for brick successfully by the
stiff mud process, unless mixed with a plastic clay. The weath-
ered shales mixed with the residual surface clay derived from
the shales, should produce a brick of good color and density
though the defect of even such a mixture is most likely to be
low plasticity and strength.

’ PULASKI COUNTY

i
1

Alluvial clays suitable for common building brick may be
found along the Ocmulgee River. The clays will probably be
found in less extensive deposits than those above in Twiggs
and Bibb counties, and some of them have lime nodules dis-
tributed through them, which are derived from the Vicksburg-
Jackson limestone. The second bottoms will generally be
found very sandy and the more plastic clays will be found in
the lower or swampy land. ‘

Common building brick are manufactured by the Hawkins-
ville Brick Company, at Hawkinsville. The clay used is a river
alluvium, but is free from lime nodules. It is a yellow or red
in color, sandy, has fair plasticity, and can be made into a good
grade of common building brick. A sample tested in the labor-
atory showed an average air shrinkage of 5.8 per cent.; re-
quired 21.5 per cent. of water for mixing, and gave a tensile
strength of 98 lbs. per square inch. ‘

Burning Tests

Cone Fire-Shrinkage " Color Condition

05 3.6% pale red soft, porous
. 03 5.6% A steel hard
1 4.6% red steel hard

5 8.0% €€ not vitrified

12 7.2% ‘¢ warped, not fused
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The clay has good air drying qualities and shows no crack-
ing in burning at low temperatures. The best quality and
color of brick could probably be obtained by burning the clay
at a higher temperature than is employed at present.

Chemical Analysis of Hawkinsville Clay

Moisture at 100° C................ et 1.97
Loss on ignition.......... ..o il 8.78
131 b A 57.12
(Band ...l e 26.16)
AUMIng ..ottt i e i e i et 23.42
Ferric oxide ......oviiiiiiiiiiiiiie it 5.70
Manganous oxide ..... e e e, trace
7 T Y trace
Magnesifh ....ovvviiiiin ittt ittt 45
Sodium oXide ..vv it i i e e e .21
Potassium oxide ..........c.iiiiiiiiiiii it .67
Titanium dioxide ..........coviiiiiiiiinrniiinnnennns 1.29
Sulphur .vvviiii it i e e e .00
Phosphorous pentoxide ...............cconviiianiiinnns .00
13 7 AP 99.61

A small brick plant is in operation at Ainslie, on the South-
ern Railway.

QUITMAN COUNTY

Alluvial clays of Columbia age occur along the Chattahoo-
chee River, lying in the first terrace about 40 feet above the
river. These clays are being used for common building brick
by the Eufaula Brick Company, opposite Eufaula, Ala. The
alluvium as a whole is very sandy and variable in character,
and the more plastic clays occur in pockets separated by humps
of sand. The clay on the property of the above brick company
is from 1 to 7 feet in thickness and is underlain by fine yellow
to gray, micaceous sand, and is overlain by about one foot of
sandy soil. It is a bluish to reddish-brown in color and may be
fine grained and plastic or sandy and very ‘‘short.’’ It is free
from pebbles and is easily mined. The pléstic and séindy clays
are mixed. The following laboratory tests were made on a
sample of the mixture employed at the plant.
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Plasticity, good ; water required, 23 per cent; air shrinkage,
average, 6.3 per cent.; tensile strength, average, 119 lbs. per
square inch.

Its drying qualities are good and it shows no tendency to
scum either upon drying or burning.

Burning Tests

Cone Fire-Shrinkage Color Condition
05 0.7% salmon soft
1 1.1, - dark brown steel hard
5 3.4% LL not vitrified

The clay shows a low fire shrinkage; it will burn into a
hard, tough and durable brick, but will not be impervious on
account of the high sand content.

Chemical Analysis

Moisture at 100° C....ovviiren ittt 1.70
Loss on ignition............coiiiiiiiiiii i, 5.72 -
L1 T P 70.64
Aluming .........o0iiiniiine. e eeei et 15.64
Forric oxide ......oiviiiin it iieninarineeenns 3.74
Manganous oxide ...........iiiiiiiiiiiie i .03
7 Y trace
Magnesia ....oovveiiiiiiniriiiii ittt 46
Sodium oxide . ..ottt i it e .32
Potassium oxide ........ccoiiiiiniiiiiiiiiiiiii i, 117
Titanium dioxide ........oiviiiiiirinnenenerennnnns 1.10
Sulphur ... i e e .00
Phosphorous pentoxide ........... ..o, .00
Total oooirin i e e e 100.52

Alluvial clays can doubtless be found both above and below
Georgetown, though at present not accessible to transporta-
tion. The first terrace is prominently developed from Colum-
bus southward and at almost any point contains good brick
clays.

RICHMOND COUNTY

Alluvium of Pleistocene age, of the first ferrace above the
Savannah River, is extensively used for common building
brick near the city of Augusta. The alluvial clay occurs in a
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flat sandy plain about 2 miles in width, and 30 to 40 feet above
the Savannab River; this terrace deposit was laid down prob-
ably in Pleistocene time during an inundation stage of the
present Savannah River. It consists chiefly of loose sand with
local beds of small gravel, and deposits of sandy and plastic
clays. The workable clay generally has a thickness of 6 to 12
feet, but is reported at one place to have a thickness of 32 feet;
as a whole the clays are too coarse and sandy to be of any
value for other products than common building brick.

o Savennah River

A very durable, dark red brick can be made, but in the case
of the more sandy clays, the brick are rough, soft and very
porous unless burned hard. The air-shrinkage of the clay is
not excessive, and it has generally good drying qualities; the
air-dried strength is good, except in the case of some very

sandy clays, the green brick from which are broken badly in
~ handling. '

The sand layers underlying the clays are nearly always

water bearing and at some places difficulty is experienced in
keeping the pits drained. ‘
- The following companies are at present engaged in the
manufacture of common building brick: MecCoy Brick and
Tile Company, McKenzie Brick Company, Merry Bros., B. S.
Dunbar, Standard Brick Company, Branch and Company.

The best exposure of the clay was seen in the pit of the
McKenzie Brick Company. The clay here is reported to have
a maximum thickness of 32 feet; only about 12 feet, however,
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is worked; this is bluish to yellow, quite sandy and very va-
riable in texture. There are pockets of almost pure sand, and
the clay contains scattered accretions of yellow and black iron
oxide, similar to the alluvial clay at Macon. The lower clay is
reported finer and more plastic than that which is being used.
There are pockets or.layers of sand through the clays which
are water-bearing; one of these sand layers extends entirely
across the pit a distance of about 100 yards. The clay is 12 to
15 feet thick and a wall of clay about 100 feet in length is
mined at four different points simultaneously, which insures
a good mixture of the clay. In mining, the wall is under-
mined, stakes are driven in at the top, and the clay falls by
gravity. '

Berair.—An altered schist is being mined at Belair by the
Georgia Vitrified Brick and Clay Company, and is being used
at their plant at Campania, mixed with a plastic clay, in the
manufacture of paving blocks and sewer pipe. This material
was probably originally a sediment, perhaps a very siliceous
shale, but has been so metamorphosed, that nearly all trace of
its original texture and structure has been obliterated. This
belt of schist extends eastward to Augusta, being exposed at
Murray Hill, and near Wheeless station, and into South Car-
olina. An excellent exposure preserving to some extent the
original structure, is seen in the bluffs of the Savannah River
at North Augusta, S. C. The belt is also known to extend
several miles south of the Georgia Railroad, and is overlain
by a variable thickness of Cretaceous, Lafayette and Colum-
bia sands and clays. These schists are of little value if used
alone since they are lacking in plasticity and air-dried strength
but are suitable for certain clay products when mixed with a
plastic clay for a bond. The quantity available for use de-
pends upon the depth to which decomposition by weathering
has taken place, since where unweathered, the schists are hard
and crystalline. The weathered schists are vari-colored, white
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pink, yellow, red and greenish and vary in composition; they
are pulverulent or ocherous or quite hard, requiring blasting;
certain weathered portions at Murray Hill, 3 miles north of
Augusta have been used as a paint material. The schists are
cut by small quartz veins.

The clay is being mined from two pits or quarries at
Belair. The rock here will probably be found weathered to a
depth of 40 or 50 feet, beneath this depth the material will be
hard and more crystalline and more uniform, but less suitable
as a clay material. Near the contact with the overlying Cre-
taceous sand and gravel, the schists may be almost pure white,
and composed almost entirely of very fine silica, 90 per cent.
or more. For use at the plant at Campania, the schists or
¢‘shales’’ are selected, not all of the weathered product being
of value, and some difficulty is experienced on account of its
variable composition.

The greenish-and yellow semi-decomposed ‘‘shale’’ has lit-
tle or no plasticity, low tensile strength, not exceeding 8 or 10
pounds per square inch, and low fusibility; both air and fire
"shrinkage is low. The darker colored ‘‘shales’’ are higher in
iron and fluxing impurities, and hence of most value for clay
products, as paving blocks and sewer-pipe. A sample of the
“‘gray shale’’ from the north quarry at Belair, was vitrified at
cone 4 and completely fused at cone 11.

The plastic fire clays of the Cretaceous in Richmond county
should be suitable for mixing with these schists.

SPALDING COUNTY

The clays of this county are only of local importance. Small
brick yards have been operated from time to time, but only
to supply a local demand for brick. Dr. T. Ellis Drewry
operated a small brick plant near Griffin, and a part of the
Rushton Cotton Mills factory was built of the brick made at.
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this plant. The clay used was a mixture of red residual sur-
face clay and the more plastic clay occurring in the valley of
a small stream. A very durable brick was made.

The clay in the vicinity of Griffin is in no place in sufficient
quantity to warrant the establishment of any extensive brick
industry. Alluvial clays can be found along Flint River in
the western part of the county, and if properly worked, should
make a good quality of building brick. The clays are unde-
veloped and the writer has no information as to the thickness
of the deposits.

A small sample of clay sent to the writer by Miss Minnie
Williams of Brooks, and reported as coming from near the
junction of Line Creek and Flint River, was bluish-white in
color, very plastic, showed a tensile strength of 64 lbs. per
square inch, is semi-refractory, and should be found smtable
for use in stoneware and terra cotta mixtures.

b STEWART COUNTY

Building brick are being manufactured by the Chattahoo-
chee Valley Brick Company, at Omaha, from alluvial clay from
the first terrace of the Chattahoochee River. The clay is of
Pleistocene or Columbia age and lies in a flat alluvial plain
about 40 feet above the river; it is similar in occurrence and
in the same position as the alluvial clay at Columbus, George-
town and F't. Gaines. The clay at Omaha is very stiff and
plastic and is from 4 to 12 feet in thickness. It is necessary
to mix sand or sandy loam with it in order to improve its
working and drying qualities. The following are physical
tests made in the laboratory by the writer: Plasticity, very
good ; rather stiff and tenacious; air shrinkage, high, 11.1 per
cent.; air drying qualities, poor; tensile strength average, 199
pounds per square inch.
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EBENEZER CHURCH, EFFINGHAM CoUNTY, GEORGIA, BUILT IN 1769 OF THE FIRST
BrICK MADE IN GEORGIA.
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Burning Tests

Cone Fire-Shrinkage Color Condition
03 3.19 red steel hard
1 3.1% red slightly warped
4 5.9% dark red warped
12 . black vesicular

Both the drying qualities and burning qualities could be
improved by admixing sand, but at the expense of the density
of the burned product. ’

Chemical Analysis

Moisture at 100° C....oovnniniiiiii i ., 3.488
" Loss on-ignition.................iiiiiiin L, 7.787
Silica, 810; ..ovii i i e 60.888
(Silica, 8and .......cooviiiiii i i, 32.520)
Alumina, ALOg ..ot i e, 19.192
Ferric oxide, Fe,05 . ... vveiini it 6.230
Lime, Cal ...c.iriitiiiiiiiiit et 219
Magnesia, MgO ........... it .834
Boda, NaO ....... ..ol 498
Potash, K,O0 .............. .. e .. J334
Titanium dioxide, TiO, 918
Phosphorous pentoxide, PO, trace
Sulphur, S............ ..ol et .109
Total ..ottt e 100.497

The black, laminated, micaceous clays and clay-marls of
the Ripley division of the Cretaceous are exposed in numer-
- ous places, and may be of future value for clay products.

SUMTER COUNTY

There are no developed clay deposits in the county. It is
for the most part underlain by the Vicksburg-Jackson forma-
tion, consisting of a flinty limestone and red and yellow sands
which contain thin clay layers. The white clays of the Mid-
way formation in the northern part of the county have been
previously described. Alluvial clays suitable for common
building brick could possibly be found along Flint River in
the eastern part of the county. Brick have been burned near
Americus, on Muckalee Creek, about one-fourth a mile west
of town. The brick seem to have been poor in quality.
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TATTNALL COUNTY

Tattnall county is entirely underlain by the Altamaha for-
mation, which is covered by a thin superficial layer of gray,
Columbia sand. The Altamaha formation is for the most
part a yellow and red sand containing coarse angular quartz
fragments or pebbles. Unlike the formation in some other
counties, there is but little clay near the surface, but sandy
clays could be found which might be used to supply a local

- demand for brick. There is an exposure containing some clay
in a cut of the Seaboard Air Line Railroad between Lynn and
the Ohoope River. There is some probability of excellent clays
occurring in the swamp lands of the Altamaha River which
forms the southern boundary of the county, though this region
is at present removed from railway transportation.

TELFAIR COUNTY

Plastic, sandy clays of sedimentary origin are exposed in
the cuts of the Southern and Seaboard Air Line railroads.
These clays belong to the Altamaha formation, and have sim-
ilar properties to the Altamaha clays elsewhere over southern
Georgia; they are variable in thickness and texture, and have
objectionable properties for clay products, but might be used
for supplying a local demand for brick, though the quality of
such clays doubtfully warrants the establishment of any large
plants. About one mile northwest of Helena, in a cut of the
Southern Railway, the following section was observed:—

1 Loose gray sand, Columbia....................... 1 foot
2 Mottled, clayey sand...........cc.ciiiiiiiiaa.... 6 feet
3 Drab, laminated sandy clay...................... 3 ¢
4 Coarse grit ...... ..ot 4 ¢
5 Greenish, plastic, laminated clay.................. 6 ¢

The different layers will be variable in thickness, being
rather in the form of lenses, and the coarse grit may be locally
indurated. There are some small pebbles in the sand, but these
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rarely exceed an inch in length. A sample of clay from layer
No. 5, showed good plasticity; required a high percentage of
water for mixing; good air dried strength; air shrinkage, 10.4
per cent. It burned to a light red color and at cone 1, burned
steel hard with a shrinkage of 3.7 per cent.

It would require a small percentage of sand to improve its
drying qualities and it should be thoroughly pugged. The iron
oxide is the chief fluxing impurity, and the other common flux-
ing impurities are in only very small amounts.

Alluvial clays of good quality may be expected along the
Ocmulgee River in the southern part of the county, but until
this region is opened up by a railway line, would be of no
value.

THOMAS COUNTY

The only clays in Thomas county which seem likely to be
“of any value, are those of the Altamaha formation, which is
the surface formation over the greater part of the county.
Greenish or gray sticky, sandy clays, containing phosphatic
nodules occur overlying Oligocene limestone in the southern
part of the county, but their use for brick has not been at-
tempted, and they are doubtfully of any value. This clay
may be seen in the old phosphate pit, 3145 miles west of Boston.

The Arnold Brick Company is operating a small brick
- plant on the Atlanta, Birmingham and Atlantic Railroad, 2
miles north of Thomasville. The clay here occurs in the Alta-
maha formation, and has been somewhat altered from its
original condition from having been covered by a pond. The
section in the pit at the time of my visit was:

1 Dark gray sandy elay.........cooiivevnnnn.. 1 to 2 feet
2 Gray, ‘‘tallow’’ clay, with iron oxide splotches 2 to 3 ¢¢
3 Drab, very stiff, tenacious elay.............. 3 «

The lower clay is so stiff and tough, that it cannot be used
alone and worked through a stiff mud machine, but has to be
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mixed with the sandy clay at the surface. The burned brick
are red or buff, depending upon the mixture used. An idea of
the character of the lower clay can be ascertained by refer-
ring to the tests on page 254.

TIFT COUNTY

The sandy clays of the Altamaha formation might be used
to supply a local demand for common building brick. The
clays are of sedimentary origin, and occur as thin irregular
layers in vari-colored sands; they are generally quite sandy
and gray or mottled, and possess good plasticity. They may
be observed at a number of localities in railroad cuts and
wagon road cuts, and have pretty much the same lithological
character at all points.

A small sample of clay from near Tifton, tested in the lab-
oratory, showed fair plasticity, notwithstanding that it con--
tained probably 60 per cent. of sand; gave a tensile strength
of 50 pounds per square inch and showed an air shrinkage of
8.8 per cent. Burned at cone 05, about the temperature ordi-
narily employed in burning common building brick, it showed
no fire shrinkage and was porous and soft. Such clay could
be used for building brick, though a first class brick can not
be expected on account of the necessity of using a high per-
centage of sand to improve the working qualities of the clay.

Many exposures may show light or almost white clays, but
none of these are kaolins or china clays.

TOOMBS COUNTY

Toombs county is entirely underlain by the Altamaha for-
mation. The typical yellow and red mottled sands and sandy
clays are exposed at the surface. An excellent exposure show-
ing a large amount of clay, can be seen in a cut of the Sea-
board Air Line Railroad, about one-half mile east of Ohoopee
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Station. The Altamaha River forms the southern boundary
of the county, and alluvial clays of excellent quality will likely
be found along its course. There are at present no clay indus-
tries in the county.-

TROUP COUNTY

Troup county lies within the province of the Piedmont
Plateau, and its rocks are granites, gneisses and schists. The
residual clays derived from these rocks are of little or no
value within themselves, since they have very poor plasticity
and strength and contain coarse rock fragments. Alluvial
clays occur along the streams and are of value as brick clays.

TrimBLE.—The Trimble Brick Company operates a plant
at this place. The clay used is an alluvial clay along Yellow-
jacket Creek, and a good quality of common building brick
is made. The clay is reported as from 4 to 12 feet in thick-
ness; at the top there is a brown sandy loam 1 or 2 feet in
thickness, underneath is a bluish and yellow plastic clay, while
underlying the clay is sand and coarse angular quartz frag-
ments. The full thickness of clay is not worked on account of
difficulties of drainage. As in the case of nearly all alluvial
clays, there is lack of uniformity and the clay varies in the
amount of contained sand.

The sample of the clay which was being used for brick at
the time of my visit, was tested in the laboratory with the
following results: Plasticity, good; air shrinkage, average,
6.6 per cent.; drying qualities, good; tensile strength, 185
pounds per square inch. »

Burning Tests

Cone Fire-8hrinkage Color Condition
05 2.5% pale red soft
01 6.6% dark red steel hard

5 0% almost black warping
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The clay is not suited for dry press or vitrified products.
In practice it has fair drying qualities and works well in a
stiff mud machine when the proper proportion of sandy clay
is mixed with the more plastic clay. The shrinkage is not ex-
cessive. ' '

CraTTAHOOCHEE ALLUVIUM.—Alluvial clays are known to
occur along the Chattahoochee River, though they have not
been developed. Such clays would be accessible to a railway
line at West Point, and at the point where the Atlanta, Birm-
ingham and Atlantic Railroad crosses the river west of La
Grange. These clays would not be expected to differ markedly
from the clays along the river at other points above, and should
be very suitable for common building briek.

A sample of alluvial clay from the Chattahoochee west of
LaGrange was sent to the Geological Survey by Mr. J. A.
Morris, of Atlanta. It was a brown-yellow, micaceous sandy
clay, and was evidently obtained from near the surface. It
had low plasticity and a tensile strength of 62 pounds per
square inch; its air shrinkage was 4.8 per cent.

Burning Tests

Cone Fire-Shrinkage Color Condition
05 1.1% salmon | soft, porous
03 1.9% red fair hardness
01 2.0% red almost steel hard
4 4.0% dark red not vitrified

The fire-shrinkage is low, due to the high sand content. -
The clay is well adapted for common building brick, but if
mixed with a more plastic clay, such as usually underlies the
surface alluvium, would make a better product.

TURNER COUNTY

The only clays known to occur in this county, are layers
in the Altamaha formation. There may be places where such
clays could be used to supply a local demand for brick. The
following section of a hill along the Georgia, Southern and
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Florida Railroad, about one-half a mile north of Worth, will
indicate the geological occurrence of the Altamaha clays in
the northern part of Turner county.

L

Feet
1 BSlope of hill, partly concealed; projecting beds of soft
sandstone and conglomerate......................... 10
2 Gray, indurated elay......... .. .. ...l 2
3. Mottled elay layer............. .. .. ... iviiiiiio.an. 114
4 Massive, gray sandstone.............ccoieeiieeinnann.n 5
5 Boft, plastic clay, grading into indurated clay.......... 5
6 Greenish or drab thin layered clay, semi-indurated....... 8

The lower clay is hard, and is non-plastic and mealy even
“when finely ground, it is semi-refractory and burns to a buff
color; if mixed with the light colored plastic clay above, it
would make a brick sufficiently refractory for ordinary boiler
furnace use. ’

TWIGGS COUNTY

Alluvial clays occur along the Ocmulgee River and will
‘probably be found suitable for common building brick, sewer
pipe and drain tile. Marine clay deposits of Tertiary age lie
above the kaolin beds and may be of some future value for use
in connection with the white clays.

Reip StaTion.—The clay land of Monroe Phillips at this
place has been prospected with a view of using the clay for
brick manufacture. Clay occurs in the first terrace above the
river or in the swamp land, and in the second terrace or cul-
tivated-land near the Southern Railway, and the two clays are
designated as swamp clay and field clay.

Swamp Clay

The following are tests on two samples of the plastic clay
oceurring in the swamp land:

Sample . I I

Color (raw) ........... e bluish to yéllow  yellow
Plasticity .................... very plastie very plastic
Texture ..................... fine grained fine grained
Airghrinkage ................. 8.1% 7.7%

Tensile strength .............. 105 Ibs. per sq. in. 132 Ibs. per sq. in.
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Cone 07—
Fire-shrinkage ............... 1.0% = eeieee
Color .....oiviiiiiiiiii, salmon e
Condition .................... not steel hard e
Cone 05— .
Fire-shrinkage ............... .....oonl. 21%
Color ......oiiiiiiiiiin e, pale red
Condition ..............coien vevuvnnnn. not steel hard
Cone 01—
Fire-shrinkage ............... 6.1% 6.8%
Color ........covvviiiniinnns light red light red
Condition ................... steel hard - steel hard
Absorption ............c.iih tiiiiiia. 14%
Cone 4— :
Fire-shrinkage ............ e 13% Ll
Color ......oviviiiiiininnnnns red 000 L.
Condition ...................0 not vitriied @ @ ..........

" The clays have fair drying qualities, and show no scum-
ming either after drying or burning.

Field Clay

The sample tested was an average as near as possible of
the material thrown out of a well 22 feet deep. The material
is a mixture of very fine grained, gray, plastic clay and fine,
micaceous sand containing iron oxide. The mixture has a yel-
low color. Its air shrinkage was 6.7 per cent.; tensile strength,
110 pounds per square inch. The air shrinkage is about that
of the ordinary brick clay and is not excessive. Its drying
qualities were fair, however, this will depend entirely upon
_the amount of sand, and will be good or bad accordingly, as
the sand content is high or low.

Burning tests

Cone Fire-shrinkage Color Condition
07 1.0% pale red soft
05 1.6% pale red not steel hard
1 3.7% red steel hard
4 4.0% dark red slight checked not vitrified

The fire shrinkage is not excessive, and the bricklets show-
ed no tendency to warp or crack at low temperatures. There
is no scumming. The absorption at cone 1 was 16 per cent.;
on account of the high percentage of sand, an impervious body
can not be obtained at a low temperature. Should the more
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plastic of the field clay be used, it would have poor drying
qualities and could hardly be worked by the stiff mud process.

Mixture of Field and Swamp Clay

A mixture was made consisting of two-thirds field clay and
one-third swamp clay. This mixture required 39 per cent. of
water and gave good plasticity; its tensile strength was 104
‘pounds per square inch; air shrinkage, 7.6 per cent. Drying
qualities, good.

Burning tests

Cone Fire-shrinkage Color Condition
07 1.3% salmon soft
05 1.3% salmon soft, not steel hard
02 3.4% red not steel hard
4 4.5% dark red not vitrified

The absorption of a bricklet at cone 02 was 15 per cent.
It is evident that a brick with low absorption can not be ob-
tained, except at high temperatures.

The upland or field clay lies adjacent to the Southern
Railway. It is probably an older deposit than the swamp clay,
and has an entirely different lithological aspect and was laid
down under different conditions. It consists of alternating
layers of sand and very fine grained plastic clay. The fol-
lowing records of aunger borings give some idea of the occur-
rence of the clay:— '

Hole No. 1,
Bluish and red very sandy clay.................... 8145 feet
Bluish sandy eclay...........ciiiieeiinniinnnn, 11 ¢
Blue-white, putty-like clay, with yellow streaks..... 8 ‘o
Quartz and mica sand, water bearing.............. 1 ‘*
Hole No. 2
Solland sand. ...... ..ot iiinnrvnrinererennennss 115 <¢
Bluish, stiff, tenacious sandy clay....... PN 5 o
Very sandy clay..........c.oiiiiiiiiiininin., 2 ¢
Bluish, stiff elay........ ..o 9 o
Brown and yellow micaceous elay............... .. 4 ‘“
Hole No. 3
Sand and sandy elay..........oiiiiiiiiiiiiiii.n, 3 ‘“
Bluish-white and yellow stiff clay.................. 7 ¢
Yellow quartz and mica sand..............vvvuun.. 7 e

There is probably a workable thickness of 15 to 18 feet of

24
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the sand and clay mixture. The deposit will show consider-
able variations in the amount of sand. The land is clear from
trees, the drainage good and the clay could be cheaply mined.
Thirteen borings were made in the swamp land lying between
Stone Creek and Bridge Liake, and showed a thickness of clay
ranging from 414 to 1214 feef, with an average of 7 feet. The
swamp clay land is thickly wooded, and this would present a
serious difficulty in the mining of the clay.

Doubtless many problems would have to be contended with,
in order to make a good brick of the field clay, used alone. A
mixture of this clay and the swamp clay is economically pos-
sible, and it is believed that a better product could be ob-
tained. The swamp clay vsed alone is capable of making a
good quality of brick, but the expense of mining it would be
greater. A mixture of the swamp clay and the white fire-clays
to the east, offers possibilities for sewer pipe and fire proofing.

In the Focene formation, overlying the Cretaceous kaolins
and sands, there are fuller’s earth and thin layered sandy clay
which may reach a thickness of 100 feet. These clays, because
of their peculiar physical and chemical properties, are of
scarcely any value for clay products when used alone, but may
in some places be suitable for mixing with the underlying
white clays of the Cretaceous.: These fullers earth clays have
excessive shrinkage, low specific gravity, and require a very
high percentage of water to develop any plasticity.

ELEVEN-MILE POST

A sample of the sandy, shale-like clay in the railroad cut
near the drying shed of the Atlanta Mining and Clay Com-
pany, 11 milepost, gave the following results in the labora-
tory: Plasticity, poor; very sandy; tensile strength, maxi-
mum, 210 lbs. per square inch; air shrinkage 13.9 per cent.;
drying qualities, poor. '
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Burning Tests

Cone Fire-shrinkage Color Condition
03 1.9% buff soft
1 2.1% dark buff not steel hard
5 4.4% dark speckled buff not vitrified

The fire shrinkage is low and it burns without checking or

cracking.
Chemical Analysis

Moisture at 100° C...coorrnin it 8.36
Loss on ignition..........cooviiiiiiiiiai i, 7.40
BHlCR o vvt it i e et e 60.84
(Band ... i e 22,08)
Alumina ... .. i e it 14.11
Ferriec oXide ....couiiiiiiii it i 5.78
Manganous oxide ......... ...t .26
LAme .« i i e et J4
Magnesia .....coovviiiiiiiiiiiiii i 1.85
Sodium oxide ......... .. o i il trace
Potassium oxide ...........ciiiiiiiiiiiiiiiiiiiieaan .68
Titanium dioxide ......... oot i .96
Sulphur ... .. . e .00
Phosphorous pentoxide ........... ..o e .00

Total .......iiiiiiiiini ittt eainnn 100.38

The analysis does not indicate a clay of low fusibility. It
will be observed that the ratio of silica to alumina is high and
differs in this respect from the ordinary clay.

A mixture of three parts (by volume) of the Tertiary clay
with two parts of fire clay from the mines, gave an air shrink-
age of 11 per cent.; tensile strength 115 pounds per square
inch. At cone 3, it showed a fire-shrinkage of 1 per cent., and
burned to a dark buff, and was not vitrified at this tempera-
ture. The tests do not indicate that any mixture would be at
all suitable for paving blocks or vitrified products.

Pixe’s Pearx.—A sample of fuller’s earth from the pit of
the Continental Clay Company was tested as a clay. Ground
to pass a 40 mesh sieve, it required 90 per cent. of water to
develop any plasticity; air shrinkage 16.7 per cent.; tensile
strength average, 143 pounds per square inch. Tt is very dif-
ficult to dry the material under any conditions without devel-
oping cracks; and when perfectly dry, it is very brittle.
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Burning Tests

Cone Fire-shrinkage Color Condition
05 5.0% pale buft soft, but good strength
03 6.4% pale buff cracking
1 7.6% pale buft not steel hard
3 . 6.6% faint pink not steel hard
12 e i partly fused

The material is very porous and of low specific gravity
and differs from those clays with a kaolinite base in the very
high percentage of water absorbed, and excessive air shrink-
age. The burned strength is good, though highly porous.
Such material, if at all suitable for clay produects, could be
used only by a dry press process.

Chewmical Analysis

Moisture at 100° C...oovvvivreeneiraennannnnnn. I 8.65
Loss on ignition........ N 6.16 .
Biliea .o e e e e 65.41
- N S 01 Y 12.84
Ferric oxide .....coiiiiiniiii it 3.57
Manganous oxide ........ ... . il .09
LAme oo e e e e 18
Magnesia ...ttt e 1.84
Sodium oxide ....ciiiii it i i e e e .31
Potassium oxide . ......ooiiiiiiii i i i 48
Titanium dioxide .. ......uiiiiiiniir e .80
Sulphur ... e .00
Phosphorous pentoxide ............... ... i .00
Total ..o e e 100.33

The following analysis and physical tests on a Tertiary
fuller’s earth-like clay from one mile west of Fitzpatrick, are
given by Ladd?.

Chemical analysis

B 0y E) 11 - S PN 8.70
Loss on ignition.........coovriiiiiiiniiiniiiiiannia, 11.24
Soluble and combined siliea.............ciiiiiiinn 54.39
5 Y 6.89
ATUMIng ..o iii it it ittt e 14.64
Ferricoxide ........couvvievnvennn. e e enie s, 0.28
B 755 1 T Tt 7.08
Magnesia . .....oiviiiiiiii i i i e e, 1.71
Potash and soda........ociiiriiiinieneinnnnnannnas 4.23

Total (less moisture) ...........covviiiiiieeennnn 100.46

1. Geol. Surv. of Ga. Bulletin, 6-A, p. 135,
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Physical properties

Specific gravity, .90 to 1.20; not very plastic; drying shrink-
age, 25 per cent.; tensile strength, 213 pounds per square inch;
burning shrinkage, 6 per cent.; burned color, pale yellow;
fusing point 2,426° F., about cone 10. On account of its exces-
sive shrinkage such material can hardly be of value for clay
products, either alone or mixed with other clays.

Georcia Kaonin Company PropERTY.—A greenish or drab
colored clay of Tertiary age overlies the kaolin bed in the pits
of the Georgia Kaolin Company. This clay has properties in
common with fullers earth, and is poorly adapted for clay
products. It has high air dried strength, but an excessive
shrinkage. A sample burned at cone 05 was a brownish red
in color, checked badly and showed a total linear shrinkage of
20.1 per cent. ‘

UPSON COUNTY

There are three jug potteries in the northern part of this
county, 8 to 10 miles north of Thomaston. The potteries are
small, several miles from railway lines, and manufacture only
jugs, jars and flowerpots. Their business is purely local and
the output variable, depending upon local conditions, and the
manufacturing is carried on in a primitive way. The clay
used is the plastic swampy clay occuring along Big Potato
Creek.

Good brick clays can probably be found along Flint River
in the western part of the county.

WALKER COUNTY

The shales of Walker county adapted for brick making
purposes, will be discussed in another chapter of this report.
Residual and alluvial clays suitable for a variety of purposes
occur. The Bangor and Chickamauga limestone formations
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yield red and yellow residual clays which might be used for
brick-making, and the residual and alluvial clays of the Cona-
sauga shale formation have been used for stoneware.

Browine Serings.—The American Sewerpipe Company
operates a large plant at Blowing Springs, 5 miles south of
Chattanooga, Tennessee; sewer pipe, drain tile and wall cop-
ing are manufactured. The clay used at Blowing Springs is
an alluvial clay occurring in the valley of Chattanooga Creek.
A general section of the deposit is:

1 Soil and overburden........................ 2 feet
2 Yellow and bluish clay..................... 6 to 10 feet
3 Sand and gravel.............ciiiiinainnns 3¢ 4

The clay as a whole contains a variable percentage of
coarse sand and is only moderately plastic, and within itself
is of poor quality for sewer pipe manufacture. The deposit is
of limited areal extent. A mixture of the alluvial clay and a
Silurian shale occurring at Flintstone is now used. The shale
burns red, vitrifies at a low temperature, but is lacking in plas-
ticity and dried strength.

Laraverre.—A small stoneware pottery has been operated
here by Mr. S. N. Worthen. The clay used is an alteration
product of the Conasauga shale and is yellow to bluish white,
and quite plastic. It occurs along a small branch and may be
partly colluvial in origin; 5 or 6 feet were exposed. A sam-
ple of the bluish-white clay tested in the laboratory of the
Geological Survey, gave the following results:

The clay is almost white when dry, cream color when mixed
with water; it contains a high percentage of sand is very fine
grained; very plastic and has good molding qualities; its air
dried tensile strength was 81 pounds per square inch; air
shrinkage, 8 per cent. Burned at cone 3, it was gray in color
and burned to a very dense body without warping or cracking;
fire shrinkage, low, 2.7 per cent. At cone 7, it was a slightly
darker color than at cone 3, vitrified, and showed no warping
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or cracking; fire shrinkage at this temperature, 4.1 per cent.
This clay if properly burned, is suitable for a good grade of
stoneware. The amount of such clay is not great, but is suf-
ficient for the needs of a pottery.

A gimilar clay occurs 5 miles south of Lafayette, and a pot-
tery was located here several years ago.

McLamore Cove.—A bluish-white plastic clay occurs on
the property of James Milligan, near Cedar Grove, in McLa-
more Cove, lot 138(%). This clay has been mined and shipped
in small quantities, but its distance from a railway line ren-
ders it of little value. The deposit is colluvial in origin, being
a residual clay transported but a short distance. The clay is
gray in color, very plastic and shows an air shrinkage of 6.8
per cent.; it gave a maximum air dried tensile strength of 225
pounds per square inch. At cone 7, it burned to a light gray,
was vitrified and showed slight swelling; fire shrinkage was
only 1 per cent., but this low shrinkage is partly accounted for
by the swelling of the bricklet. The clay if located near a
railroad line, would probably have a value for stoneware and
terra cotta mixtures. It has low refractoriness and can hardly
be classed as a fire-clay. The following analysis given by
Spencer,! is probably of this or a similar clay in this vicinity:

Bilies ...ooviiiiiiiii ittt i i ittt e e, 69.33
Aluming ... ... i e 19.01
Ferricoxide ...........oiiiiiiiiiiiiiiiii i 2.02
Lime .ot e trace
Magnesia .............. i e 0.87
Potash ..... .o 2,16
BOda i e e 0.18
Water (hygroseopie) ............coocoiii i, 0.26
Water (combined) ............. ..., 6.88

Total ...t e e, 100.65

The following is an analysis of a greenish clay® from the
property of J. A. Williams, lot 216, 7th district:

1. Paleozoic Group, Ga. Geol. Surv., p. 286.
2. The sample was collected by Prof. S. W. MecCallie, State Geologist,
and analyzed by Dr. Edgar Everhart, Chemist of the Geological Survey.

&
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MoOISbUTE oottt ittt ittt iece et et 3.87

Combined water ........ ... .. ittt iiniirmearanennns 5.85
Hydrated silica ..........coiiiiiiiiiiiiiiiiiiennenn. 1.74
Combined 8ilica ........viiinerreinnrenneaeeeennnnnnn 44,18
I -5 11 U 11.52
Ferric oxXide .. ...ouiiiniie it ittt 2.60
Aluming . ...ttt i e e e e, 20.68
75 1Y S P N trace
Magnesia ....ooiiirii i e e e s 3.24
10T Y 1.66
Potash ... i e e e et e 5.53

Total ..ot e e e 100.87
Fluxing impurities ........ ... . .. ... ...l 13.03

The clay is notable for the high percentage of potash that
it contains, and the analysis indicates a clay of very low
fusibility. This clay probably results from the weathering
of a thin bed of shale in the Chickamauga formation and
has been observed at a number of localities.

WARE COUNTY

The surface of Ware county is low, flat and covered with
a mantle of sand. The southern part of the county is swamp
land. There are no clay deposits known which are suitable
for brick or other products. Sandy clays could possibly be
*found in the Altamaha formation in the northern part of the
county which could be used for common building brick. If
such clays are found, they may be expected to have similar
properties to the clays being used at Waynesville and Odessa
in Wayne county.

WASHINGTON COUNTY

Common building brick have been made near Chalker
from alluvial clay along the Ogeechee River. *

A small deposit of brick clay occurs on the property of
Mr. C. I. Duggan, 1 mile northeast of Sandersville. This is
a stiff, plastic, bluish clay containing some organic matter;
it probably underlies 10 or 15 acres; the thickness of the
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clay has not been investigated. No tests have been made to
determine its quality. It could possibly be used for common
building brick for local trade.

Greenish and drab laminated and massive clays, having
properties somewhat similar to the fullers earth clays of
Wilkinson and Twiggs counties, occur and may reach a thick-
ness of 100 feet or more.

WAYNE COUNTY

The clay material occurring in Wayne county which might
be used for the manufacture of common building brick, con-
sists of inter-stratified, plastic clays and red sands of the Alta-
maha formation, and swamp deposits of clay of Pleistocene
age, occurring in the eastern part of the county along the
Altamaha River. The county is entirely underlain by the
Altamaha formation, though there may be only a few places
where its clays occur near the surface in quantity, and acces-
sible to railway transportation.

The Altamaha formation is a widespread clay and sand
formation, deposited probably in shallow estuaries, and in
Wayne county will reach a thickness of 50 to 100 feet. Com-
mon building brick are being manufactured at Odessa, 5 miles
east of Jesup, and at Waynesville.

Opzessa.—The clay used at Odessa is a mixture of stiff,
plastic clay and red ferruginous sand. The strata consist of
alternating layers of bluish or greenish clay and sand; the
clay may be in layers or lamin®, not more than an inch or
two thick up to 5 or 6 feet, and the layers are quite variable
in their continuity and thickness. The beds are in no place
consolidated, and are easily minable. A sample of the clay
mixture being used for brick at the time of my visit to the
plant, gave the following results in the laboratory.

The clay is very fine grained and plastic; the sand mixed
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with it is coarse. A high percentage of water is required
to develop good plasticity, and the air shrinkage is 12 per
cent.; tensile strength, 171 pounds per square inch. The air
shrinkage is less in practice since the sand grains are coarser
than in the laboratory sample, which was ground to pass a
40 mesh sieve.

Burning Tests

Cone Fire-shrinkage Color Condition
05 1.8% red soft
01 4.0% dark red steel hard
4 4.0% vermillion not vitrified

The properties of the clay will vary according to the pro-
~ perties of sand and clay used; if the stiff, plastic clay is used
alone, it is very difficult to work by any stiff mud process, its
shrinkage is excessive, and drying qualities poor. The
admixture of sand produces a good red color, improves the
working and drying qualities, but the burned brick is porous
and of low compressive strength. The best results may be
obtained by adjusting the proportions of sand and clay, so
that the brick may be dried and burned without serious loss.
from cracking, and yet not using such a large amount of sand
that the product is too soft and porous. The clay should be
thoroughly pugged, and burned at a temperature somewhat
higher than is ordinarily employed for burning common brick.

Chemical Analysis of Odessa Clay.

Moisture at 100° C..........ooiiiviiiiiiiiiiiiins 2.971
Loss on ignition............cooiiiiiiii, e 7.239
Siliea, S0, - cver it e e 59.340
(Band .....viii i i i e e 38.120)
Alumina, ALO; ...ovviiiiniein i - 17.267
Ferric oxide, Fe,05 . ..ottt 11.050
Lime, Ca0 ... i it e trace
Magnesia MgO ...ttt 454
Soda, Na,O .....viiiii e 078
Potash, KyO ..ot .540
Titanium dioxide, TiOz. ... cvvvvriiiiiiiiiiiiienns 1.063
Phosphorous pentoxide, P.Os .......cooviviniiiiia, trace
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WavynesviLLE.—The clay at Waynesville is similar in oc-
currence to that at Odessa, consisting of horizontal layers
of plastic clay alternating with red and yellow quartz sand,
containing some disseminated clay. There will be variations
in the amount of clay and of sand at different places—being
nearly entirely sand, or there may be clay layers several feet
in thickness. The following are tests on a sample of the mix-
ture used for brick, by the stiff mud process on an auger
machine. '

Phyéicwl Tests

The mixture had fair plasticity and required 38 per cent.
of water to develop the maximum. The average air shrink-
age was 11.5 per cent., and the average tensile strength of
six briquettes tested, was 105 pounds per square inch.
Under the microscope, the minerals recognizable, were the
clay substance, which ocecurs in amorphous light colored
aggregates, quartz grains of variable size, hematite- and
limonite, and mniute scales of muscovite mica.

Burning Tests

Cone Fire-shrinkage Color Condition
05 1.19% pale red soft, porous
1 1.5% red not steel hard
4 2.3% red not steel hard
11 3.1% deep red not vitrified

The fire shrinkage is low on account of the high percent-
age of sand, and with such a mixture as tested, a dense imper-
vious brick can not be obtained. Notwithstanding their
porosity, the brick may be very durable in a climate such as
that of South Georgia. The tests do not indicate that the clay
would be at all suitable for vitrified products.

Chemical Analysis of Brick Clay from Waynesville

Moisture at 100° C. ... ...t iiiiiiii i iie i 2.76
Loss on ignition..........ooooiiiiiiii i 6.38
1S 51 T P 67.34
Aluming ...t i e e e e 16.18
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Lime

............................................... trace
Manganous oxide .......... ... i i e trace
Magnesia ...... ... .. e .37
Sodium oxide ............ ... ...l i, trace
Potassium oxide ................... e .79
Titanium dioxide .............coviiiiiiiiineerinnnn.. 1.38
Sulphur ... e undetermined
Phosphorous pentoxide ....................... ol ‘¢ ¢
Total ... e e 100.47

The only fluxing impurity occurring in appreciable quan-
tity, is iron oxide, 5.2 per cent., and such a brick clay would
be expected to have a high fusing point.

Oruer Locavities.—A clay layer 4 feet thick, similar in
appearance to the clay layers at Odessa and Waynesville, is

exposed alongside a road passing through the property of
L. R. Akin, two miles north of Mt. Pleasant.

Plastic clay is reported along the' Altamaha River near
the Seaboard Air Line Railroad. It is probably different in
origin from the clays of the Altamaha formation, and may be
worth investigating for brick and tile products. The follow-
ing is an analysis of a small sample collected by the late Prof.
W. S. Yeates, State Geologist. The analysis indicates a red
burning clay.

Moisture ........ . . i 3.321
Loss on ignition........ ... . ... i, 8.025
Silica B10; ...t 60.716
(Silica SiO, soluble . ... .t e e 4.870
(Siliea SiO, sand ...................... B, 31.560)
Alumina ALO, ........ 0 18.755
Ferric Oxide Fe,Op .. ...t 6.226
Lime Ca0 ... it e e 578
Magnesia MgO ........ ... ... it 618
Manganous Oxide MnO ............... ... ..o, 032
Soda Na,O ...t ittt .052
Potash KO ...ttt i it i iae e .. .837
Titanium dioxide TiO, ..........c. .. 734
Phosphorus pentoxide POy .....covvviiviiiia... .046
Sulphur 8 ... e .032

Total ... 99.972

Plastic clay and sand in alternating layers was observed
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in a cut of the Atlantic Coast Line Railroad near Secreven
in the western part of the county.

WHITE COUNTY

There are a number of small earthenware potteries located
in White county. The clay used is a plastic alluvial clay,
which may be found in the valleys of almost any of the
streams. No very extensive deposits occur, and the alluvial
deposits are usually quite sandy; small areas of plastic clays
occur, however, and are sufficient to meet the needs of the
potters.

The potteries are located 15 or 18 miles from the nearest
railway; their capacity is small and they are not operated
continuously, but only at such times as the owners happen to
have leisure from farm or other work, and when there is any
special demand for the ware. The ware consists of jugs,
jars, churns, and flowerpots; it is not high-grade, being in
most cases poorly burned, roughly molded, and carelessly
glazed. Albany slip is generally used for glazing, but an
artificial glaze is sometimes made by mixing sand, clay and
lime in certain proportions and grinding the mixture to a
powder between buhr-stones. The clay is pugged in wooden
pug mills which are operated by horse-power. The ovens or
kilns are low rectangular constructions with arched tops, and
are built of stone or brick, and have a capacity of 300 to
500 or 600 gallons. There is very little expense attached to
the operation of one of these potteries; fuel, wood, labor
and clay are obtained at a very low cost.

The following is a list of the potters: J. M. Meador, 3%
miles south of Cleveland, W. F. Dorsey and Wiley Dorsey,
Leo, P. O., J. T. Dorsey, Benefit P. O. and Dorsey Bros.,
Mossy Creek.

A sample of alluvial clay from near Leo, used by the pot-
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ters, was very plastic, air shrinkage, 8 per cent.; it showed
good air dried strength and was free from coarse sand. It
contained a small amount of organic matter and was dark
blue in color. This clay is mixed with a yellowish, less plastic
and more sandy clay for pottery manufacture.

Burning Tests

© Cone Fire-shrinkage Color Condition
05 : 4% light buff dense body, but not steel hard
4 8% light buff not vitrified

There is no warping or cracking; the mixture burns to a
dull gray in color.

WILCOX COUNTY

Alluvial clay occurs along the Ocmulgee River. There is
a small brick yard at Abbeville using this clay. At this
point it is fine grained, plastic and very stiff and tenacious,
and it is very difficult to successfully work unless mixed with
sand or loam. When the plastic clay is used alone, the shrink-
age is excessive and it tends to split or ‘‘spall’’ easily after
burning. It burns to a good red. In places there are lime-
stone fragments and nodules of lime carbonate which are
derived from the underlying Vicksburg-Jackson limestone
formation.

The Altamaha formation underlies the greater part of the
county and contains at numerous places layers of sticky,
plastic clays which might be used for common building brick.
These clays will likely have similar properties to the Alta-
maha clays decribed at other points in South Georgia.
There is a good exposure showing the character of these
clays in a railroad cut near the station at Abbeville.

WILKES COUNTY

Residual and alluvial clays are used to a small extent in
the manufacture of common building brick. Mr. O. S. Barnett
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operates two small brick yards, one at Washington and one
at Little River, 7 miles south of Washington, on the Georgia
Railroad. Brick are made at Washington from a mixture
of a residual clay derived from a granite schist and a bluish
plastic clay of alluvial origin. The brick are of poor quality
on account of the high percentage of coarse sand. At Little
River a small deposit of alluvial clay is used, and brick of
fair quality is made.

WILKINSON COUNTY

The clays in Wilkinson county available for brick and
terra cotta purposes, are the white fire-clays of the Cretaceous
formation, and the extensive beds of fuller’s earth clays of
the Tertiary (Claiborne). These latter clays overlie the
white clays and may reach in places 100 feet or more in
thickness; they are marine deposits, bedded or thinly lamin-
ated, gray, drab or greenish in color, of low specific gravity,
soft and unctuous. They possess low plasticity and high air
dried strength, but have an excessive air shrinkage. The
weathered material from this formation is a greenish, sticky
plastic clay, and of more value for brick purposes than the
unweathered clay. ’

Analyses and tests of the Claiborne fullers earth clays

have been given under Twiggs county.

Physical tests made by Ladd! on Tertiary clays in the
vicinity of Gordon, showed:

I II IIT
Air-shrinkage .............. 25% 25% 25%
Tensile strength .......... - 2911bs  3001bs. per sq.in.
Fire-shrinkage ............. e een %
Burned color .............. buff buff
Fusing point................ 1300°C ..

In Wilkinson county the clay may be in places highly

calcareous, though it generally contains only a very small
1. Geol. Surv. Ga. Bulletin 6-A, p. 118.
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percentage of lime. It has been suggested that a mixture
of the Tertiary clay and the fire-clays of the Cretaceous
might be suitable for vitrified wares. On account of certain
very objectionable properties of the Tertiary clay, the writer
is inclined to doubt its value for this purpose.

A sample of calcareous Tertiary clay from the property
of Dr. N. T. Carswell, three miles east of McIntyre, was tested
in the laboratory by the writer. The clay required a high per-
centage of water for mixing, and showed an air shrinkage
of 12.5 per cent.; tensile strength, maximum, 300 pounds per
square inch; drying qualities poor.

Burning Tests

Cone Fire-shrinkage Color Condition
03 4.1% buft soft
o1 ... ¢ slightly viscous
6 e SN completely fused

A mixture consisting of two parts of the above Tertiary
clay and one part of fire-clay from the same property, showed
an air shrinkage of 10 per cent., and was vitrified at cone 6,
burning a buff color.

A mixture consisﬁng of equal parts of Tertiary clay and
fire clay, did hot vitrify until cone 12 was reached.

WORTH COUNTY

Worth county is underlain by the Altamaha formation;
the surface is generally very sandy but the formation con-
tains clay layers which might be used to supply a local
demand for common building brick.

A sample of clay 114 miles south of Poulan was tested in
the laboratory. It consisted of fine grained, stiff, bluish clay,
mixed with a high percentage of red and.yellow quartz sand.
JIts air shrinkage was 12.4 per cent., tensile strength, 170
pounds per square inch.
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Cone Fire-shrinkage
07 0.3%
03 1.6%
4 2.4%
13 2.5%

Burning Tests

Condition
soft, porous
good hardness
steel hard
not vitrified

Unless the clay was made sandy, it would probably give
difficulty in drying. At the same time the addition of too
much sand makes the burned brick soft and porous.

25



CHAPTER XI
SHALES OF GEORGIA

The shales of Georgia, suitable for clay products, are
confined to the Paleozoic area, comprising 10 counties in the
northwestern part of the State. The shales range in age
from the Cambrian to the Coal Measures. The geological
formations of this area have been previously discussed.
There are areas of so-called ‘‘shales’’ in the Piedmont region,
though this rock is highly metamorphosed, semi-crystalline
and within itself is of little value for clay products.

The shales of the Paleozoic area, underlie extensive areas
and belts, and are at many points accessible to railway lines.
They have been greatly folded, faulted and metamorphosed,
‘and where undecomposed by.weathering agencies, are very
hard and stony in character. At places they have been meta-
morphosed into slates. They attain great thickness; the prin-
cipal shale formations varying from 500 or 600 to 2,000 or
3,000 feet. '

Prysicar ProperTies.—The shales, generally, are deficient
in plasticity and have low air dried strength. The samples
tested by the writer varied from 20 to 75 pounds per square
inch. They have low drying and burning shrinkages, burn
to a hard body at low temperatures and have low vitrifying
points. With a few exceptions they are high in iron oxide,
and are red burning. Their slaking properties are generally
poor. They can be dried and burned rapidly.

Caemicar Properties.—The shales are generally highly
siliceous, in some of the formations they are very sandy and
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grade into sandstones; analyses of samples froin the localities
vigited show that they contain only a trace or a very small
percentage of lime, though thin beds of limestone occur in
them. Theé shales of the Cambrian and Silurian formations
are generally free from carbonaceous matter, those of the
Dévoniann and Carboniferous may be carbonaceous. The
quantity of iron sulphide is rarely sufficient to be objection-
able.

Uses.—The shales should be founrd suitable for common
brick, and if properly handled, will make a superior quality,
notwithstanding their low plasticity. There are also locali-
ties where they give promise either alone or mixed with
other clays, of being suitable for vitrified brick. They are
as yet of doubtful value for other clay products.

BARTOW COUNTY

The shales of the Conasauga formation are accessible to
the Louisville and Nashville Railroad, northward from
Cartersville, and to the Western and Atlantic Railroad.
Along the Louisville and Nashville Railroad the shales will
be found interbedded with limestones and in places very
siliceous and highly metamorphosed. Probably the greatest
objection to their use will be their low plasti¢ity and air-
dried strength.

The shale near Adairsville does not differ greatly from
that in use near Calhoun in Gordon county. The shale for-
mation is not conspicuous, and is covered by a mantle of red
or yellow soil, and is a valley forming formation. When
unweathered, it will be found yellow or red, hard, and
minutely jointed or fissile. It frequently alters by weather-
ing into a bluish-gray, very plastic clay less impufe than
the unweathered shale. It may be found on the slopes or
in the valleys of ravines and branches, and is partly residual
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and partly colluvial in origin. These deposits are small.’
A sample from the property of W. J. Newell, 14 mile north
of Halls Station on the Western and Atlantic Railroad, was
a bluish-gray in color, very- plastic and contained a high
percentage of fine silica sand. It showed an air dried ten-
sile strength of 40 pounds per square inch, and an air shrink-
age of 4.8 per cent.; it was vitrified at cone 4, and gave a
fire shrinkage of 9 per cent. Such a clay might be of value
in stone-ware and terra cotta mixtures. '

The following are chemical analysis of Conasauga shales
in Bartow county: ’ , ‘

. I. I 1T

S8i0,sand .......... . cceiiilalL, 62.30 39.20 52.82
8i0, (combined) .................. 9.30 19.40 e
ALO; ¢ e 11.50 18.05 26.17
2 R 5.59 8.31 9.46
MnO ..o 60
Cal ..o e none none trace
MgO .t eaaeaaas 1.30 1.55 1.08
KO ittt 4.20 4.63 2,71
B X O N .35 33 .20
TiOs vttt ittt 1.10 .68 R
H,0 (combined) .................. 3.80 7.60 7.00
H.O (hygroscopic) ............... 15 40 .23

Total ......ccovviiviiiiinnnns 100.19 100.15 99.67

I. Hydromica shale above the Etowah iron bridge south of Cartersville.
Paleozoic Group, Geol. Surv. of Ga., p. 284.

II. Light red shale, one mile southwest of Cartersville. Paleozoiec Group,
Geol. Surv. of Ga., p. 284,

II1. Shale, about two miles northwest of Cartersville. Paleozoic Group,
Geol. Surv. of Ga., p. 284.

The analyses indicate red burning shales of low fusibility.
The shales it will be noted, are within themselves non-cal-
careous. Their greatest defect is low plasticity and low air
dried strength. They have not been tested on a commercial
scale in Bartow county.

.

CATOOSA COUNTY

Rome FormaTion.—A belt of the Rome formation occurs
in the eastern part of the county, and is crossed by the West-
ern and Atlantic Railroad, west of Tunnel Hill. The shales
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of this formation are brown, red or yellow and highly silice-
ous. The strata are folded and crumpled. These shales do
not give much promise of being of value for clay products on
account of their highly siliceous character.

Cowasavea SHALE—A north and south belt of Conasauga
shales forming Peavine Valley, occurs in the central part of
the county, but is not at present accessible to railway trans-
portation. The Conasauga here consists of yellow and green-
ish soft shales, interbedded with limestone. This belt is a
continuation northward of the shales occupying Chattooga
"Valley in Walker county, and the two will be found
similar. '

Rocrwoop Formarion.—This formation, where examined,
did not contain shales suitable for the use of the clay manu-
facturer. In White Oak Mountain near Ringgold, it con-
sists of interbedded hard sandstones and sandy shales reach-
ing a thickness of 1,100 to 1,300 feet!. _

Froyp SmaLes.—This formation reaches a great thickness
and consists of dark colored and carbonaceous shales and thin
limestone and sandstone beds. A sample of the shales of
this formation from 114 miles east of Ringgold on the West-
ern and Atlantic Railroad gave the following results in the
laboratory. When ground to pass a 40 mesh sieve, it showed
fair plasticity; tensile strength, 45 pounds per square inch;
air shrinkage, 4.3 per cent.

Burning Tests

Cone Fire-shrinkage Color Condition
04 6.2% red dense tough body
01 7.4% dark red completely vitrified
5 7.4% dark red vitrified, slight warping
13 ceree  eeeaee vesicular and warped

The shale would be suitable for common building brick,
and offers a possibility for paving blocks. The tests show

1. C. W. Hayes, U. 8. G. 8., Ringgold Folio.
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that the critical point in burning is at cone 5; above this
temperature the shale would likely show warping.

The following is a chemical analysis of this shale:

Moisture at 100° C.....vt ittt i e 1.71
Loss on dgnition..........coiiiiiiiiiiiiii i 5.25
Silica .voviti i i i i e 57.98
(Silica, 8and ........ it e 23.50)
Alumina ..o e e e 20.40
Ferric oxide ......ooitiiiiiiiii i 6.80
Manganous oxide ............. ... ... il 03
Lime ............. ... N .24
Magnesip ..ooovniiitiiit it et e i e 1.59
Sodium 0XIAe ..ttt e e 43
Potassiumoxide ............ ... .o i i, 4.54
Titanium dioxide ......... ... .. .. i, 114
Sulphur ... it e, 0.00
Phosphorous pentoxide ................iiL, 00
Total ... e e 100.11

CHATTOOGA COUNTY

There are extensive areas of shales in Chattooga county.
The shales of the Conasauga formation will likely be found
most suitable for clay wares. The Conasauga formation
oceurs in two belts extending in a northeast-southwest direc-
tion across the county. The eastern belt occupies the valley
in which Trion, Summerville and Lyerly are located, and
which is traversed by the Central of Georgia Railway; the
" western belt is a continuation southwest of the Chattooga Val-
ley of Walker county. The formation is of great thickness
and consists of yellow or brown fine grained, contorted shales
with occasional beds of limestone. The shale will not be
adapted for brick or other purposes at some points, from
the fact that it is very sandy and highly metamorphosed, and
hence has lost its plasticity.

The Floyd shales occupy an extensive area east of Taylor’s
Ridge, ‘and doubtless contain shales suitable for brick and
other purposes, but this region is at present removed from
transportation lines.



SHALES OF QEOEGE4 . 391

A sample of the brown, fissile shalg of the Conasauga
formation, from ene mile east of Lyerly, was tested in the
laboratory. When finely ground, it showed fair plasticity
and an air dried tensile strength of 75 pounds per square inch;
its drying shrinkage was 7 per cent. It burned red and to
a dense body at cone 05, with a‘fire shrinkage of 1.8 per cent.;
at cone 1, it burned into a cinder. The shale at this place
gives promise of being suited for common building brick, and
would burn to a dense body at a low temperature. It is min-
utely jointed, and weathers into small angular fragments or
‘‘shingle,”’ and will be found uniform in eomposition, and the
mining of it would present no special difficulties.

The following are tests on a sample of light green, mi-
caceous altered shale from the property of B. F. Gilmer,
located about 3 miles west of Lyerly at the northwest end
of Dirtseller Mountain. Stratigraphically, the clay lies near
the base of the Rockwood formation. A small quantity of
this clay has been mined and shipped, but the writer was
unable to find out for what purpose it was used. The clay
doubtless occurs in large quantity, though it is rather inac-
cessible. It showed an air shrinkage of 8.4 per cent.; at cone
07, it burned salmon, and to a dense body, but was not vitri-
fied; at cone 5, it was melted into a dark greenish glass.

The following is a chemical analysis of the Gilmer clay:

Moisture at 100° C............cc..on.. i 8.288 -
Loss on ignition........... ... il 6.030
151 O 53.083
AUMINGg ... ii ittt et e 23.420
Ferric oxXide. . ...covuiivivinneeiinnratnenaneannnan 2.667
1L YO trace
Magnesia .....oovviiiint it i e e 3.236
Manganous oxide .......coiiiiiiiiii i trace
Sodium oxide ...t e e e .780
Potassium oxide ........ciiiviiitiiiiii i 6.990
TFitantum dioxide .........ovviriiiiiiii i .368
b ] 7 99.862

The clay contains a high percentage of potash, 6.99 per
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cent., and the total fluxing impurities is 13.673 per cent., and
it would be expected to have a low fusing point.

No attempt is at preseﬁt being made to utilize the shale
deposits of this county.

DADE COUNTY

The shales of the Coal Measures of Lookout, Sand, and
Fox mountains have a possible value on account of thelr
prox1m1ty to coal deposits. The shales, however, are usually
very sandy, generally inacessible, and would present difficul-
ties in mining on account of the roughness of the topography
and great thickness of overlying beds. The writer knows of
no attempt to utilize them for clay wares.

The following is a section! of the strata at High Point,
Lot 182, 11th district: ’

1 Conglomerats (top of mountain)............... 50 feet

2 Shale - I L

38 Coal . 5 “ (9
4 Shale . 4 ¢ (1)
5 Sandstone and conglomerate .................. 70 ¢

6 Coal /...t e 10 inches
7 Shale ....ooiiiiiiiii i i 1 ¢«

8 Coal ... it e e 16 ¢

9 Shale .....cooiiiiiiiii ittt 5 ¢«

10 Coal ..ottt i i e ¢

11 Sandstone, with casts of plants.............. (1 ¢

Section? on Dr. A. T. Fricks property at the mouth of
Forester’s gulf:

1 Sandstone .............iiiiiiiiieineinnan, 40 feet

2 Shale ........iiiiii i e e rae e 30 ¢

3 Coal ... e it e 2to 3 ¢

4 Fire clay 18 inches
5 Shale .....ooiiiiii i it 2 feet

6 Sandstone 20 ¢¢

7 Shale ...... ..ottt (€))]

The shales in this vicinity were observed containing iron
carbonate in concretionary form.

1. S W. McCallie, Geol. Surv. of Ga. Bulletin No. 12, p. 68.
2. 8. W. McCallie, Geol. Surv. of Ga. Bulletin No. 12, p. 71.
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Section! at Ferndale Mine, near Cole City:

1 Thin-bedded, fine-grained sandstone and mica.. variable

2 Castle Rock coal seam......ccoovvvnivnnennnnn, 14 inches

83 Darkgray firecelay........covvvieiiininnnnennans 214 feet

4 Dark gray shale, with small flakes of miea...... 27

5 Dade coal seam, average thickness.............. 3 €

6 Sandy, indurated fire elay.........ccvviiiin... 215 ¢

7 Sandstone, usually thin-bedded and containing

SOME MICA «ovvvviiin it 30 ‘

8 Rattlesnake coal seam......................... 215 ¢

9 Indurated fire elay........... ... ... .. ... 2 ¢
10 Thin-be” led sandstone ........................ 35«
11 Red- \0al, represented by coal smut.......... 18 inches
N 2
13 1ded SandAStONe . .........oeiiiurreiiins 40  feet
1- cmmn-pédded, partly erystalline, fossilliferous lime-

stome ... . 8 “

15 Fine-grained, heavy bedded sandstone .......... 12 “f
16 Black shale, partly exposed.................... 60 “O(D
17 Shaley sandstone, partly concealed............. 40 ‘O
18 Comncealed ....covvvnviviniin i, 80 ¢
19 Bangor limestone .............. ..., €2

The beds of ‘‘fire-clay’’ mentioned in the above section,
have not been investigated, and their degree of refractori-
ness has not been determined. Should they be found to be
high grade fire-clays, the mining of them mlght be carried
on in connection with the coal.

FLOYD COUNTY

There are extensive areas of shales in Floyd county acces-
sible to railway lines. The shales are highly folded and
often so metamorphosed that their plasticity is destroyed.
The Floyd shales occupy a broad area west and northwest of
Rome and may be found very suitable for clay produects, since
generally they are not as stony and siliceous as the shales
_ of the Cambrian and Silurian formations.

A sample of shale from the Conasauga formation adjac-
ent to the Southern Railway, 3 miles north of Rome, gave
the following results in the laboratory: The shale was brown
or yellow in color and very sandy and micaceous; it was
poorly plastic and showed a tensile strength, dried, of only

1. 8. W. McCallie, Geol. Surv. Ga. Bulletin No. 12, p. 92.
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20 pounds per square inch. Its air shrinkage was 2.5 per
cent.

Burning Tests

Cone Fire-shrinkage Color Conditian
05 2.3% ’ red steel hard
03 5.5% ga,rk red vitrified
01 6.6% ark red vitrified
2 5.0% almost black warped
4 e e, burned to & cinder

The defect of the shale is its lack of plasticity and low
air dried strength, and it could hardly be used without an
admixture of a plastie clay.

Chemical Analysis of Shale, 3 Miles North of Rome

Moisture at 100° C........coiiiiii i 0.420
Loss onignition........... .. ... . il 4.712
Siliea, total ...... .. . 55.330
(Band . ... 28.030)
Aluming, AlLOg .. .ovininiiiiiiii i it 22.006
Ferric oxide, Fe,Qy ... .oovvvviivii i 5.950
Manganous oxide, MnO...........ooiiveiinnennnn... trace
Lime, CaO ... ..ot
Magnesia, MgO
Boda, NaO ... e
Potash, K,O ...ttt iiiineeiiennans .
Titanium dioxide, TiO, .....oovviivieeiineniinnnn 1.104
Sulphur, S.......... ... ... .068
Total ..o e 99.597

The Conasauga shale is being used by the Rome Brick
Company at Rome. An attempt was made to use the shale
for vitrified brick, but with poor suceess, as it was found
that the range between the vitrifying and viseosity points was
small and in burning, a part of the kiln was warped and
fused. It burns to a deep uniform red. It is being used,
mixed with other clays, for common and pressed brick.

A small sample of the Conasauga shale east of Shannon
was collected. The shale at this point is brown or yellow,
soft, micaceous, minutely jointed, and breaks down into small
angular chips which cover the surface. It is poorly plastic
and has a low air dried tensile strength, 25 pounds per square
inch. Tts air shrinkage was 1.4 per cent. It burns red and
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to a good hardness at a low temperature. This shale is of
little value for brick purposes, unless mixed with a plas-
tic clay. However, it is quite probable that a more plastic
shale can be found at other pomts along the Southern Rail-
way north of Rome.

A broad area of the Conasauga formation occurs in the
Coosa Valley west of Rome, and may be found to contain
valuable clay shales. It is suggested that the shales might
be used for paving blocks and other clay wares, when mixed
with the refractory and semi-refractory clays associated with
the bauxites and the iron ores of Floyd county.

GORDON COUNTY

The greater part of Gordon county is underlain by the
Conasauga formation, consisting of shales and limestone.
Near the surface the shales are fine grained, yellow or brown
in color, becoming greenish or slate colored where un-
weathered, and minutely jointed, frequently breaking down
into small angular chips or shingle. The shales, though fre-
quently interbedded with limestones, are themselves non-cal-
careous they are not carbonaceous and are free from iron
pyrites. Shales suitable for brick making purposes, may be
found accessible to the Western and Atlantic, Southern, and
Louisville and Nashville Railroads. The Conasauga may be
deeply weathered, and the formation thus obscured; in
places the shales are very hard, have a slaty or schistose
appearance and then are completely lacking in plasticity.

Carroun.—The shale of the Conasauga formation is being
used at Calhoun, by Legg Brothers Brick Company, for com-
mon and dry press building brick. It is yellow or brown to
olive green in color, minutely jointed and hard. It is uni-
form in composition and texture, but shows variations in the
degree of consolidation. A sample selected for tests in the
laboratory, gave the following results: color, when ground, -
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yellow; texture, fine grained; plasticity, poor; water required
for mixing, 25 per cent.; tensile strength, average 42, max-
imum, 56 pounds per square inch. Its air shrinkage was 4
per cent.; it slakes in water only very slowly.

Burning Tests

Cone Fire-shrinkage Color Condition

07 2.1% red good hardness
05 - 3.1% red steel hard not vitrified
1 e dark red viscous

In practice the shale burns to a bright uniform red; and
burns into a dense body at a low temperature. Absorption
tests made on a half common building brick, showed an
absorption of 5.4 per cent. after three hours immersion, and
showed no further increase after 48 hours. The drying
qualities are good, and the shale can be worked through a
stiff mud machine. There is no scumming either upon dry-
ing or after burning. The shale will make an excellent build-
ing brick, but is of doubtful value for vitrified brick. Its
main- defect is poor plasticity.

The Calhoun Brick Company operates a brick plant about
one mile south of Calhoun. The clay used is a residual clay
derived from the Conasauga shale and the decomposed shale.
The weathered material is capped by a thin deposit of Lafay-
ette red sandy loam and coarse quartz gravel. Weather-
ing at this point may extend to a depth of 30 feet or more.
The clay used at the time of the writer’s visit, had excessive
shrinkage, and the quartz pebbles in the Lafayette caunsed
some difficulty.

The following is a chemical analysis of the yellow resi-
dual clay derived from the weathering of the Conasauga
shale at this place:

Moisture at 100° C......... ... 1.087
Loss on ignition.............. oo, 6.682
Siliea ... e PN 60.679
(Silica, sand ......... .. ... i 33.976)
AlUMING o ovven i i e e .. 17.552

Ferric oxide . ... it 7.210
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7 1 - trace
Magnesia ..ot e 681
Manganous oxide .......... ... ... i, trace
Sodium 0XIAE . ..ottt e e i 3.615
Potassium oXide . ....couvviitiiie i i e 1.982
Titanium dioxide ........ccoiiiiiir i, 736

Total ..o e, 100.224

Good exposures of the Conasauga may be seen in the
railroad cuts north of Resaca.

MURRAY COUNTY

The Conasauga shale adjacent to the Louisville and Nash-
ville Railroad, will be found suitable in many places for
brick purposes. A sample of the shale in the railroad cut,
14 mile north of the station at Chatsworth, gave the follow-
ing results in the laboratory: .

In color it is yellow to olive green; it is fine grained and
lamellar; it slakes very slowly or not at all. Its plasticity
is rather low, and its air dried tensile strength 40 pounds per
square inch; air pressure, average, 2.6 per cent. It required
18 per cent. of water for mixing.

Burning Tests

Cone Fire-shrinkage Color Condition
05 3.5% red steel hard
01 . 6.0% dark red vitrified
1 6.5% dark red free from warping
4 7.0% very dark complete vitrifieation

The shale has excellent drying properties and is free from
cracking and warping in burning. Its defect is low plas-
ticity and strength. It should make an excellent common
and dry press building brick, and offers possibilities for vitri-
fied brick.

The shale at this point is overlain by a thin deposit of
Tertiary or Quaternary gravel. The gravel is easily
removed, and does not detract from the value of the shale.

’
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Chemical Analysis of Chatsworth Shale.

Moisture at 100° C.......coiiiiiiii it 1.02
Loss on ignition........ Ot 5.28
Bilica ... i it 57.31
(Silica, 880 ...ttt e i i e 24.34)
Alaming .....ovinin it e 21.52
Ferricoxide ........ocoiiiiiiiiiiii it e 7.65
Manganous oxide ..........coiuitiiiiiiiiiii i 04
95 3 1Yt 22
Magnesiah «.ooooenrnnn et i e v 2.47
Sodium oxide ...... .. e 1.29
Potassium oxide ........... ... iiiiiiiiiina... 2.70
Titanium dioxide ..............cviiiiiiiiiiiiiiana, 1.10
Sulphur ... e .00
Phosphorous pentoxide .................. ... ... .00

b 100.60

The shale is free from objectionable lime and iron com-
pounds.
A small brick yard is located at Chatsworth. An allu-

vial clay occurring in the plain traversed by Holly Creek is
used.

POLK COUNTY

There are three narrow belts of the Conasauga shale in
the northwestern part of the county. The shale is folded and
metamorphosed, deeply weathered and obscured by residual
clay and cherty from ridges of Knox dolomite.

The shales of the Rockmart slates in the southern part of
the county, may in places be found suitable for brick pur-
poses where they are partly decomposed by weathering. The
slates lack plasticity and are within themselves, valueless for
brick purposes. \

The ¢“Caen’’ stone at Rockmart and the decomposed shale
at Aragon, have been previously described.

WALKER COUNTY

CoaL Mrasure Smares.—The Coal Measures attain a thick-
ness of 1,400 to 1,500 feet, and consist of sandstone, conglom-
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erate and shales, with thin seams of coal. The shales of
Lookout Mountain are generally very sandy and interbedded
with sandstones. A good exposure of argillaceous shales
occurs at the high trestle of the Durham and Chickamauga,
Railroad, about one mile southwest of Flintstone. The shales
are for the most part inaccessible, and would probably pres-
ent difficulties in mining. No attempt has been made to
utilize the shales of the Coal Measures for brick or other
purposes. The stratigraphy of the Coal Measures is dis-
cussed on pages 106-109. '

Rocewoop Formarion.—The lower part of the Rockwood
formation bears argillaceous shales suitable for brick pur-
poses. The formation forms a thin band lying at the base
of and paralleling Lookout and Pigeon mountains. Through
folding and faulting of the strata, the formation appears at
Mission Ridge on the Central of Georgia Railroad. The for-
mation also eccurs in Taylor’s Ridge and Dick’s Ridge in the
southwestern part of the county, but this part of the county
has no railway transportation.

A sample of the shale from Mission Ridge gave the fol-
lowing results in the laboratory: in color, it is a yellow
or yellow brown; texture, fine grained; slaking, poor. It
required 26 per cent. of water for mixing and developed a
fair plasticity; ite air dried tensile strength was 25 pounds
per square inch; air shrinkage, 5 per cent.

Burning Tests

" Cone Fiie-shrinkage Color Condition
07 0.49% red good brick hardness
05 0.7% red not vitrified
1 R dark red vitrified, but
showed warping
3 e e burned to a cinder

The shale used alone should be found good material for
common building brick. It has been used to a small extent
by the Mission Ridge Fire Brick Company. In places it
becomes very ferriferous, approaching an iron ore.
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Chemical Analysis of Mission Ridge Shale

Moisture at 100° C......... ... .o i, 1.333
Loss on ignition.............. ..ol 4.797
Silica, 8i0, (total)............. .. i 61.640
(Silica, 8and .....oiti i 30.840)
Alumina, ALOg .....vvviiii i 15.663
Feorric oxide, F'e,05 «.vvcvvvveinn it 8.500
Manganous oxide, MnO.............coiiiii i, trace
Lime, Ca0. ..ottt ee s trace
Magnesia, MgO ...................... e ieeraeeeiiane 1.182
Soda, Na,O ...t i e, 1.799
Potash, K,O . ...ttt il 3.931
~ Titanium dioxide, TiO; .......... ..o, 1.242
Sulphur, 8....... ... o il [ none
Total ... e 100.087

The following are tests on a sample of Rockwood shale
from a cut on the Chattanooga Southern Railroad, near
Bronco: the shale is fine grained, yellow or brown in color,
rather lean and has a tensile strength of only 25 pounds per
square inch. Its air shrinkage was 3.7 per cent.; it slakes
only very slowly. It is free from carbonaceous matter and
objectionable iron compounds as carbonate and sulphide.

Burning Tests

Cone Fire-shrinkage Color Condition
" 05 3.0% red steel hard
03 4.6% red semi-vitrified
4 8.4% very dark completely vitrified
6 v e fused
1 6.6%. . dark red vitrified

The shale burns without cracking or warping; its defect
i¢ low plasticity and strength. The partly decomposed shale
would probably be superior to -the unweathered shale. The
laboratory tests indicate that the material might be suitable
for vitrified brick.

Chemical Analysis of Bronco Shale

Moisture at 100° C...... ... . i 1.62
Loss on ignition...........oo it 5.36 .
S T S 54.48
(Silica, sand .........oiiiiiiiiiii i e 21.70)
Alumina ................. et iei e 22.89
Ferric oxide .............. e et ¢ 7.48
Manganous oxide ........covveiiiiiiiiiinnse S 41

Lime .o i e e 22
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Magnesia .......ccvuiiiiiiii i i i 1.40
Sodium O0Xide .. oiivi i e e e e e 43
‘Potassium oxide ........... ... . i, 4.76
Titanium dioxide ..........cooiiiiiiiiiiiiiiiiieian, 92
Sulphur ... e e e .03
Phosphorous pentoxide ................... ...l .04

Total ...t it i 100.04

The American Sewer Pipe Company has used a shale of
the Rockwood formation at the plant located at Blowing
Springs.

Conasavea SHALE—A belt of Conasauga shale crosses
the county in a northeast-southwest direction, forming
Chattooga Valley. The belt has a uniform width of about
114, miles. The formation is extensively weathered and the
true character of the shale is rarely revealed at the surface.
It contains thin beds of limestone and sandstone; and is
folded and metamorphosed. A sample of the formation from
14 mile north of Lafayette was selected for tests. The shale is
partly decomposed. It has fair plasticity and shows an air
dried tensile strength of 65 pounds per square inch. Its air
shrinkage was 5.8 per cent. '

Burning Tests

Cone Fire-Shrinkage Color Condition
05 3.8% red good hardness and density
1 10.1% dark red vitrified
4 9.5% dark red complete vitrification
6 ceeee e partly fused

The laboratory tests indicate that the shale at this point
could be used for brick purposes.

Chemical Analysis of Lafayette Shale

Moisture at 100° C..ovrnin it e et e 2.00
Loss on ignition........... ..o iiiiiiiii e, 6.59
BIlICa & vttt e e i e e, 54.31
(Sand ..... e e e e et 19.87)
AlUIInNg . .. e e e e e e 23.04
Ferriec oxXide .....covivein ittt 6.63
Manganous oxide ...ttt 12
75 - Y .28
Magnesia . .....ueeiietnt i i et 1.40
Sodium oxide ..ottt i e .08
Potassium oxide .........oiiiiiiii i e 4.32

26
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Titanium dioxide ........... oot 90
Sulphur ...t e e .06
Phosphorous pentoxide ...........coiiiiiiiiiiiia., 04

Total ... e 99.77

WHITFIELD COUNTY

Truron.—Good exposures of the Conasauga shale occur
in the bluffs of the Conasauga River near Tilton. The
unweathered shale is a gray or yellow-green in color, very
hard, thin bedded and siliceous. By weathering the shales
are altered to red, yellow and purplish partly decomposed
shales and into red and yellow clay. A sample of the
unweathered shale gave the following results in the labora-
tory:

Its plasticity was poor; tensile strength, 44 pounds per
sqaure inch; air shrinkage, 3.7 per cent. The shale is non-
calcareous and is free from carbonaceous matter.

Burning Tests

Cone Fire-Shrinkage Color Condition
04 0.9% red good hardness
01 5.2% dark red vitrified
2 cee dark red slightly swelling
4 ceeee e viscous

Davron.—The red and purplish shales of the Rome for-
" mation occurring in the hill in the north part of the city,
were examined, but did not give much promise of being of
value for clay products on account of their stony character.
The unweathered shales would certainly be wanting in plas-
ticity.

It is believed that shales in the Conasauga formation lying
north and east of Dalton could be found, which would be
suitable for brick purposes. These shales will burn red and
vitrify at a low temperature.

The Floyd shales occupy a small area in Redwine Cove,
in the southwestern part of the county, and good brick shales
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may be found. The shale formation is obscured by soil and
talus from the mountains.

The Conasauga weathers into red and yellow -clay
and in gullies and small branches the altered shale has a
bluish or bluish-gray color, due probably to a leaching out
of the iron oxide. The deposits in depressions and in the
valleys of small streams may be quite plastic; this clay is the
residual clay of the shale which has been transported by rain-
water and gravity into the small branches, forming alluvial
and colluvial deposits. Such deposits are usually small.

A deposit of plastic clay derived from the Conasauga
shale occurs on the property of G. P. Sanders, 3.miles south-
east of Dalton. A sample of this clay showed good plasti-
city; air-dried strength of 100 pounds per square inch; its
air shrinkage was 7.1 per cent. At cone 4 it burned to a
buff color and was vitrified; at cone 15, it was warped badly
and was slightly viscous. At cone 18, it was partly melted.
The sample tested does not contain any of the hillside clay
which would burn to a darker color. The Sanders clay would
probably be suitable for stoneware and terra cotta mixtures.

Chemical Analysis of Sanders Clay

"Moisture at 100° C..ovvvninneiin it 0.478
Loss on ignition...............o oo i i 4.201
£ 15 R 75.381

CAIIMING o e e e, 15.467
Ferric oxide .............. e e e e 1.368
Lime ..o e e 0.288
Magnesia ....oovviinineiiiieiiiiiiii i .. 0286

" Manganous oxide ............i e trace
Sodium oxide .........iiiiiiiii i .305
Potagsium oxide ..............iiiiiiiiiiiieiiiin, 1.732
Titanium dioxide ............coiiiiiiiiininreinnnns 907 |
Bulphur ..o i e e trace
Phosphorous pentoxide ............covieviiiiinrennn. none

B e 100.413
Rational Analysis
Quartz................ 55.349
Feldspar.............. 2.207 % Sand................ 57.55
Clay substance ............ceeeviininrerreennnnnnees 42.45
Total . .. e e 100.000
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APPENDIX A—STATISTICS.

THE FOLLOWING TABLE TAKEN FROM MINERAL RESOURCES ,
U. 8. GEOLOGICAL SURVEY, SHOWS THE VALUE OF
CLAY PRODUCTS AND CLAYS OF GEORGIA
1905, 1906 AND 1907.

PRODUCT. 1905 1906 1907
Brick:

Common—

Quantity - ______________| 275,841,000 303,286,000 318,844,000
Value- oo oooo o | $1,444,479 $1,783,988 $1,807,148
Averageper M .. __._____ $5.24 $5.88 | ____.___

Vitrified—

Quantity - . ______._____ (a) (a) (a)
Value__ . ________ ____ a) a) a)
Averageper M __ _______ $14.00 $13.99 $12.50

Front—

QuUantily « oo oeoo oo 2,667,000 2,094,000 1,625,000
Value_ - oo ___.______ $28,676 $20,747 $16,450
Averageper M __ ________ $10.75 $9.91( ___ . ______

Fancy or ornamental__value |___________|.___._______ (a)

Fire - . . cce_o.. do $73,050 $51,310 $82,391
Stove lining. ___...____._.__ do e emmm e J e em (a)
Draintile ____.__._..____._ do $13,500 $12,000 $8,050
Sewer pipe..__.._.________ do $218,000 $221,000 $244,000
Architectural terra cotta._ .. do (a) (a) (a)
Fireproofing _._______.____ do (a) (a) (a)

Tile, not drain.._._____.._. do (a) (a) (a)
Pottery: (b)
Earthenware and stoneware,
value __ .o ______________ $5,612 $5,345 $18,440
Yellow and Rockingham ware,
value - oo __________ $16,378 $14,912 $15,445
Miscellaneous __._______._ value $320,151 $291,322 $298,313
Total value_ . _________..___| $2,119,746 $2,400,624 $2,490,237
Number of operating firms reporting 95 99 -
Rank of State. .o e comcn oo e 12 13 -

(a)Included in miscellaneous.

(b)Miscellaneous, 1905, value $500.
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VALUE OF CLAY MINED AND SOLD, GEORGIA.
VARIETY 1905 1906 1907
Kaolin and paper clay:
Quantity (short tons)..______ 26,216 32,552 28,503
Value_ oo ao $99,060 $141,765 $126,253
Fire clay:
Quantity (short tons) _.______ 2,712 6,070 15,080
Value_ . .o ______ $3,307 $14,568 $14,060
Stoneware clay:
Quantity (short tons) - ... 100 (a) 984
Value_ o oo . $100 (a) $1,784
Miscellaneous (value)o_.__ . ____}______.___ $417 $5,151
Total value_ . ______ $156,690 $147,248

$102 467 i

(a)Included under miscellaneous.
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APPENDIX B.

TABLE OF CHEMICAL ANALYSES

One hundred and nine of the 125 analyses collected in
the following table were made by Dr. Edgar Everhart,
Chemist of the Geological survey of Georgia; the other 16

are from various sources and all are given in the text of
the report.
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Baldwin County
1| Stevens Pottery -.-———_.._. | Fireelay .______._._._.__|43.85| 2.77|38.28
2| Stevens Pottery _..________| Clay pebbles_ ____.______[44.97| 2.02 |38.64
Bartow County
3| Cartersville . ______________| Shale, undeveloped ____|71.6062.30 |11.50
4| Cartersville . _.____________| Shale, undeveloped __.__!58.60(39.20 |18.05.
5| Cartersville _____._________| Shale, undeveloped _..__| .52(82 26,17
6| Cartersville _______.__.____.| Alluvial brick elay ...__| .69]18 15.43
7 | Holt Bauxite Mine ___._.__ | Bauxiticeclay -_______._| .40]1b 35.80
8| Julia Bauxite Mine .___._._ | Bauxiticelay .________. 43.77| 4.95|38.72
Bibb Count,
9 | Macon, Bibb Brick Co .____| Alluvial brick clay _____ 52.86129.79 |21.82
10| Macon, 11 miles south .__.__| Fuller’searth _______.__|70.10| 4.93 !11.75.
Burke County :
11| McBean, E. N. Palmer . __ __ | Sandy brick clay, unde- !59.89 '37.21 :19.82:
veloped.
Camden County
12| Woodbine, Bedell Property. | Brick clay, undeveloped [70.27|55.49 13.47
13| Woodbine, Bedell Property - | Brick clay, undeveloped [52.58|23.80 |21.87
Catoosa County
14 | Ringgold, 114 miles east ____ | Shale, undeveloped ____ |§7.98|23.50 120.40
Chatham County
15| Savannah, 3 miles west ____ | Brick clay, undeveloped 64.24|29.35 15.89
Chattooga County }
16| Lyerly, B. F. Gilmer __.____ | Shale, undeveloped ____ {5308 |10.12 :.23.42
Cobb County ‘
17 | Oakdale, J. L. Dickey .____| Alluvial brick clay -____!54.50,33.16 22.11
18| Austell _________._—_______| Resid’l from granite rock |48.0116.26 :32.10:
Columbia County . ‘
19| Grovetown_______________.| Fire clay, undeveloped _ |60.44!26.86 |25.75.
20| Grovetown_._.___________.| Fuller'searth .________|68.88| 1.33| 7.34
91| Harlem- -~ ____ | Sewerpipe clay.._______ |54.49 27.07 |22.80
22! Harlem._.__.______.________| Vitrified brick clay ____'56.9231.89 {21.18
Coweta County
23| Turin ______________._._.._| Terra cotta and pottery (60.11'31.15 |24.25
clay - ____________|62.19 45.00120.00
24| Newnan, 8 miles N. E _____| Alluvial clay, undevel’ed )
25 Roberta -_.______________| Alluv’l brick and tile clay 55.6025.68 |23.46.
26| Roberta -—_....__________| Alluv’l brick and tile clay |59.08 \40.53 120.31
27| Zenith ___________________| White Cretaceous clay. [49.02 10.95 }35.60
Dade County | |
28| Trenton __________________| Red halloysite ______.__ 39.96}__ - 80
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Fe,05/ CaO | MgO | Na.0O | K20 |TiO»
1.02) 0.18) 0.00]| 0.08| 0.05|_-__[13.64| 0.72
0.64 inone | 0.03 |trace | 0.110.27[14.36| 1.09
5.59( 0.001 1.30| 0.35| 4.20|1.10{3.80 | 0.15]| Manganese dioxide 0.60.
.| 8.31| 0.00( 1.55} 0.33| 4.63[0.68] 7.60| 0.40
9.46 jtrace | 1.08] 0.20) 2.71|____) 7.00| 0.23
5.83] 0.00| 0.71| 0.15) 1.83(..__| 6.61] 0.22
trace (. ___ | .___i ___._|[._._.[9.25]|15.05| 0.50
1.11} 0.02)| 0.03| 0.16] 0.07 (2.20|13.81 | 0.40]| Sulphur, 0.01
6.40( 0.37( 0.79] 0.35] 1.28{1.19]| 9.87 4.37| MnO. 0.23, S. 0.11.
2.45( 0.51| 1.21§ 0.04] 0.39(0.60| 6.03| 7.10| P20;,0.17.
6.85{_-_-.10.171 0.27| 0.08{0.83| 7.71| 4.12{ MnO., 0.06; P20s, 0.108;
Sulphur, 0.032,
3.63| 0.18) 0.44| 0.21] 0.42]0.55| 5.00| 5.69 Sulphur, 0.44.
5.45( 0.29| 0.76| 0.27| 0.54(0.87(16.50 (.. __. | Sulphur, 0.053; P,0s, 0.07.
6.80( 0.24( 1.59| 0.43] 4.54(1.14| 5.25| 1.71| MnO, 0.03.
6.63| 0.49| 0.61( 0.45| 1.19(1.10| 6.54{ 3.22| 8.016, SO, .131, P;05.021
2.66 [trace | 3.231 0.78)| 6.99|___.1{ 6.03| 3.28
8.301 0.08] 0.42] 0.62| 2.05(1.13| 9.27| 1.74| S .097, MnO, 0.20.
3.01 jtrace | 0.03| 0.07| 0.48(1.66(13.53| 1.12| S .04.
1.27|_..._] 0.04| 0.14| 0.43(1.14| 8.95 1.94| S .06, P,Os 0.14.
2.68| 2.41| 2.60(_____|_____|-__[..__.|12.82] P205 2.10, Undetermined
1.17.
6.55 trace | 1.20| 0.26| 1.40(1.25| 6.67| 5.45 $0.03, MnO 0.41.
7.67( 0.10] 1.54| 0.45] 1.80(1.28| 5.33[ 3.97| MnO 0.38.
2,08 0.11 |trace | 0.26| 1.64(0.75| 8.65{ 2.46
5.4410.37| 0.35| 0.46| 1.62]0.94| 7.52| 1.42| 8 .09, P, O5 .072.
5.589 [trace | 0.35| 0.47| 1.16(1.38(10.51| 1.28
5.59( 0.571 0.40| 0.48| 2.11(0.85| 7.39| 2.90( S .07, P, O5 .024.
.84) 0.04 |trace | 0.03| 0.06(1.35|12.23| .49
7.99| 0.14 {trace |_____|_____10.04{13.40| 4.99




412 APPENDIX B
8
L]
&
=
< .
5 g
& ‘g
5 £ 3|5
<2 @ | & | <
g LOCALITY MATERIAL
z SiO, Al;O3
Decatur County
29 Attapulgus .. ._________| Fuller’searth .________|54.11| 3.62(13.03
30| Climax, Mashburn Hill ._.__| Brick elay-____________155.56(23.36(19.07
DeKalb County
31| Decatur - e ———_____ | Alluvial clay, Everhart . |47.60 [12.92|27.10
Dougherty County
32| Albany —__.___._.__.______| Brickclay, J. W. Walters {58.38 |26.42|21.15
33| Albany - -_.____.___._.___| Brickclay, J. W. Walters |69.87 |.__.. |15.07
34| Albany - _._._-____..| Brick clay, S. J. Jones_. {53.64|__.__(23.93
35| Albany - _____._._____| Brick clay, Warren ____|53.88|_____|27.57
Effingham County
36| Ebenezer - -- _____.._.___| Brickelay.____________|63.4040.47 [19.61
Floyd County
37| Rome __-_—______________| Brick clay, alluviam ___|67.80/50.80(13.82
38| Rome, 3 milesnorth _._____| Shale ________________]55.33(28.03 (22.00
39 | Rome, Etowah River ______| Brick clay, alluvium ___|77.60 [63.30(10.90
40| Rome .---—-—____________| Brick clay, W. T. Cheney |79.42|67.77 | 9.18
41 Rome --_-_ ... —_______| Brick clay, W. T. Cheney [72.65 |{51.74 |11.92
42| Rome, Walters Mine - ___.__ | Bauxiticeclay -_._______|25.83( 0.06 [48.22
43 | Rome, Wear Mine .________ | Bauxiticelay _-__.______|37.06]| 0.80(40.27
44! Hermitage ---———o-—_--—-—| Kaolin _______________140.40{ 0.80(38.60
45| Hermitage - -_.—_-________| Bauxiticelay -_.___.___|43.77] 4.60(38.72
46 | Cave Spg., Hampton Mine.. | Bauxiticelay _________|[44.23|_____[38.95
47| Cave Spring, Reese Mine__ .| Bauxiticelay _________.[43.35] 5.11|38.05
Franklin County
48| Canon .- e _.| Brickelay.________.____62.81(40.93|20.74
Fulton County
49 | Chattahoochee ____ _____.._.| Shale ________________|74.14(66.64(13.52
Glascock County
50| Gibson, 3 miles east _..____| Kaolin and fire clay __._ {47.37 | 0.48 [38.06
51| Gibson, 3 mileseast ...____| Flintelay _.__________|56.14117.84/28.39
Glynn County
52| Brunswick -___._.__.______| Swampelay ________.__[60.71{30.64(18.75
Gordon County
53| Calhoun -________________| Residual brick clay ____|60.67(33.43|17.55
Greene County
54| Union Point ______________| Kaolin Residual _______[70.31(48.04(19.71
55| Union Point _____________| Brickelay- .- ________[47.58| 4.11(23.38
Hancock County
56| Carrs Station______________| Kaolin and fire clay ____ |44.76 0.85(39.34
Haralson County
57| Dugdown ________________| Metamorphic schist_____ |[61.87[37.5620.55
58| Tallapoosa, 6 miles west .__| Alluvial brick clay .____ [66.61 [40.40|16.40
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Fe;03| CaO | MgO |NazO | KO | TiO,

4.08! 0.90] 5.86 0.18] 0.49(1.12(10.91}| 8.97| MnO. 0.11.

7.14 inone | 0.70] 0.34} 0.86/1.10(10.10] 5.60| MnO, 0.4.

2.08 |trace | 0.835| 0.15] 1.40(1.34| 9.70{10.70| 8.50.03

3.36| 0.53( 0.14] 0.34| 0.25|0.82| 8.64( 6.42

4.30| 0.32] 0.08] 0.30| 0.33|0.79| 5.87| 3.44

7.34(_____| 0.39 1.06 1.20| 9.55| 2.89

4.50( 0.10] 0.31} 0.47| 0.60{1.25(10.64| 0.90

6.42| 0.00| 0.00f 0.08] 0.82|1.10| 6.92( 1.77

5.74|_____1 0,81} 0.55| 2.00|1.67 7.35| 0.25

5.951 0.49| 1.56| 0.82| 7.12(1.10( 4.71| 0.42

2.25({__..-]10.63]| 0.32] 1.83{1.98( 4.70| 0.20

4.25 |trace | 0.35] 0.20| 0.72(1.29| 3.89( 0.80

4.25| 0.34| 0.43] 0.32| 0.80(1.15| 6.60( 1.72

0.85(.....| 0.18] 0.15| 0.19{2.53{21.77| 0.24

1.57 |trace | 0.18{ 0.11] 0.15{3.68(16.59| 0.29

1.451____.10.30! 0.02} 0.09{1.95116.35} 0.35

1.11| 0.02| 0.03} 0.16| 0.07[2.20(|13.81} 0.40

0.93;, 0.00| 0.07| 0.01| 0.11|1.84(13.76| 0.27

0.84( 0.00| 0.00 [trace |[trace ;1.95{13.65| 2.17

5.12| 0.06| 0.48( 0.36| 0.92(0.14| 7.83| 1.60

4.59 {trace | 0.25| 0.92| 2.24(0.80( 3.23| 0.65| MnO, 0.30
0.63 |trace |trace | 0.60] 0.26{1.37|11.83| 0.44| S. 0.04.

1.11| 0.20 0.11 |trace |trace |1.84{10.05| 2.28

6.22| 0.57| 0.61] 0.05| 0.83|0.73| 8.02| 3.32| P, 050.04, MnO . 0.03,

S 0.03.

7.21 jtrace | 0.68| 3.61| 1.98) .73 6.68| 1.08

0.79| 0.07 |[trace |trace | 1.68(0.09| 6.22( 1.21{ MnO, 0.03.

8.471 4.93| 3.38| 1.11! 0.35(0.93| 7.28} 2.44( S 0.13, MnO, 0.06. -
1.11]| 0.08{ 0.07{ 0.42| 0.71|1.20(12.24| 0.58

7.191 0.21 0.29| 0.31| 3.38(0.21| 5.06| 0.40 |P205 0.42,Mn0O 0.08, S 0.07.
5.33| 0.56{ 0.16] 0.36| 2.52(1.28| 5.57| 0.92
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’ SiO:2 Al,O5
Houston County
59| Fort Valley, 2 miles 8. E _ | Fireeclay__._.____.__.__|52.17]15.55[31.33
60| Perry..._________.__.___| Kaolin and fire clay __.._ [44.86| 0.32(37.34
61| Bon Aire, Chas. Thompson | Fire clay_._.____________|45.42| 1.85|38.10
Jefferson County
62 Wrens__ _______________| Flintelay.._..__.___.__[65.21] 3.94|21.62
Jones County
63| Griswoldville, J. R. Van
Buren_____.__________| Kaolin and fire clay ... __ {45.53 \none [37.93
64| Griswoldville, J. R. Van
Buren..._...._.______| Kaolin and fire clay ...._[46.34| 2.15(35.47
65| Roberts._.______________| Calcareous tertiary clay .. {13.62 [36.80 [11.56
Liberty County
66| Ludowici -—-__.___-___._._| Roofing tile elay -_______|57.30(27.16 [20.02
McDuffie County
67| Thomson .. .._._______| Fire clay (undeveloped)_(49.21| 8.90{35.07
68| Thomson ____.___.______| Sandy eretaceous clay__ _ [69.08 |44.25[19.25
Montgomery County
69| Mt. Vernon _______.__"__| Alluvial brick clay._.____ {50.08(12.62|26.73
Murray County
70| Chatsworth _____________| Shale....______________|57.31{24.34/21.52
Muscogee County .
71| Columbus_______________| Alluvium brick clay .____ |49.41 |24.96 |28.64
Newton County
72 Starrsville._._.____ .- ____ | Brick elay______________158.46|23.50|23.26
Polk County ‘
73| Rockmart.___.__._...___| Caen stone ____.________[64.28(30.14[21.15
74| Rockmart, 3 miles east.__ | Terra cotta clay.________ |67.56[40.72(21.90
75| Rockmart.. ... _..__.___| Slate (not used)-____ ____{58.20|___._|18.83
76| Oremont.____________.___| Residual (iron ore clay) __ |58.88 [25.98 |24.73
77| Cedartown...___________| Residual (iron ore clay) __ 66,20 [46.10|{15.41
78 Esom Hill._______.______| Bauxitic elay___._.______(44.66|___..|38.49
Pulaski County
79| Hawkinsville.______._._.| Alluvial brick clay._.____{57.12(26.16(23.42
Quitman County
80| Georgetown.._.....____.| Brick elay_...__________{70.64|33.85|15.64
Randolph County
81| Cuthbert, 8 miles north___ | Fire clay (undeveloped)__ [44.60| 0.1438.48
Richmond County
82| O’Connor Hill.__..______| Fireelay__._________..__|43.13| 0.66(36.34
83| Hephzibah...__________.| Paper kaolin._.__________144.99| 0.20138.59
84| Belair, 3 mi. S. King Place| Fire clay__.____________[48.87{12.43(33.41
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Fes03] Ca0 | MgO |[Na:0| K20 |TiO,
1.86 |trace | 0.14| 0.24| 0.25(1.58(11.03| 1.04| S. 0.014.
0.56 |trace | 0.05| 0.04| 0.221.66(13.58 | 1.47
1.41 [none [trace |trace | 0.10(1.10{13.59| 0.49

0.48 inone | 0.10 |trace jtrace [0.08] 8.71| 4.15| Soluble Silica 43.90.

0.85 .10 |trace [trace | 0.32]1.48(13.22| 1.20

1 1.02|none | 0.39] 0.05| 0.251{1.72]12.59
2.20013.89| 1.73| 1.36 {trace

1.99
—---|19.41]| 3.64

| 6.38 0.16| 0.44] 0.26| 0.48(1.36| 8.95( 5.16

1.53 |none Inone | 0.04| 0.30(1.61[12.15 0.60|
1.59| 1.05| 0.08] 0.34] 0.7910.78| 6.07| 0.84] &. 0.11

15.95] 0.24| 0.37| 0.41| 0.631.11 10.81| 4.14
| 7.65] 0.22 2.4711.29| 2.70(1.10| 5.28| 1.02
: 5.58 [trace | 0.36] 0.42( 0.11]0.92(11.83| 2.31
| 4.62] 0.19] 0.36| 0.52 2.27(0.46] 8.45| 1.60

5.77 |trace | 0.00| 0.92| 3.62|____ 48
| 2.00| 0.57| 1.06| 1.07| 2.05{____
.| 4.35(3.51 320 |- -

3

5. ---| Fe0 5.78, S. 0.49.
{ 2.72 |trace | 0.40| 1,13| 5.01(1.38{ 5.30

4

4

: 0.60| P,0s 0.24.
6.06 [none | 1.29( 0.34| 4.55(1.35| 4.75 0.20] -
0.54|_____ | |- |.Ci_-|1.49|14.08| 0.54[ MnO, 0.25.

5.70 [trace | 0.45| 0.21{ 0.67{1.29| 8.78| 1.97
3.74 |trace | 0.46| 0.32| 1.17(1.10| 5.72| 1.70| MnO, 0.03
1.02( 0.00( 0.05| 0.03] 1.11(1.26(13.37| 1.32

0.791 0.00| 0.02| 0.19( 0.07|1.47[13.18
2.11 ltrace | 0.05| 0.24| 0.11(1.04(12.42
1.11| 0.00| 0.09| 0.31} 0.411.65]11.53

| i

.95| S. 0.10, P?O? 0.06
69| S, 0.09. o
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Si0, Al;Os
Schley County
85| Ellaville, 7 miles 8. E ____| White clay (undeveloped) (38.55| 0.38{33.33
Sumter Co‘unty
86 | Andersonville, 6 miles E_._| Kaolin and fire clay ... _. [42.59 | 4.66 (33.91
87 | Andersonville, Copperas
uff o e | Fireclay__.____________{43.75{ 0.12(36.09
Stewart County
88| Omaha_________.__.....| Alluvial brick elay-_._.._ 60.88(32.52(19.19
Taylor County
89 Butler__ ______.__.___.__._.| Paper and fireclay.__.__ 47.03| 2.02(37.37
Thomas County
90| Thomasville_________._...| Residual brick clay.._._.[50.48 (10.95[31.48
Twiggs County
91| Dry Branch, Atl. M.& C.Co| Kaolin_________________|45.15| 0.74(38.10
92| Dry Branch, Atl. M.& C.Co| Kaolin_________________|40.28| 1.57 (34.72
93| Dry Branch, Atl.M.& C.Co.| Kaolin_________________|44.97| 0.33|38.51
94| Dry Branch, I. Mandle ._. | Kaolin_________________]45.39} 0.31(37.20
951 Dry Branch, Georgia K.Co.| Kaolin_________________|44.76 |none |[38.41
96 | Dry Branch, (American)._ | Paper clay......________. {44.67 |none {38.76
97| Dry Braneh_____________| Brickelay______________|60.84{22.08 14,11
98 | Reids, Rico Mine ._______| Kaolin_________________[48.58| 6.06(35.94
99! Pikes Peak.__.__..._.__._| Fuller'searth___________|65.41| 9.92{12.84
100 | Fitzpatrick_____________.| Calcareous clay, undev. [54.39| 6.89(14.64
101 | Dry Branch...__________| Concretionary white clay [42.83| 0.48 (33.39
‘Walker County ]
102 Lafayette. ... _~_____._| Shale__ . _____.__.____..|54.31(19.87(23.04
103 | Broneo____________._..__| Shale_ ... __________.____[54.48(21.70(22.86
104 | Mission Ridge..-_—_______| Shale _ __ . ____________161.64|30.84(15.66
105 | Mission Ridge....—_____ | Fireeclay__.__.._.______[85.00(71.18] 9.72
106 | McLamore Cove .. ._..__. | Stoneware clay, undev__[69.33|_____[19.01
107 | Harrisburg______________| Residual elay___________[55.70(11.5220.68
108 | Durham Mines...._______ | Clay underlying coal.____. |69.61 (47.59 (16,72
‘Washington County
109 | Sandersville (Rollins)...__. | Fireelay._.__________.__[50.12(12.68 (33.09
110 | Chalker. ___._____________| White sedimentary clay. |52.30 |13.85|32.88
111} Hebron__ _______....____| Fireelay_______.________144.43| 0.21/38.66.
112 | Sandersville.__ .. ________| Brickelay._._ .. _______.___63.35(30.95(24.45
‘Wayne County
113 Odessa - —_..___________| Brickelay_____._____._..__159.34(38.12(17.26
114} Waynesville_.___.___._...| Brickelay_____-.______ [67.34(42.40(16.18
‘Whitfield County
115| Dalton _________________| Colluvial from shale .____|75.3855.34 |15.46
Wilkinson County
116 | Lewiston_._._.___________| Paper and fireclay..._.. 44.921 1.55(39.13.
117 | Gordon, Z. T. Miller______{ Fireelay_ ... __________[42.72] 0.82]40.42
118 | Gordon, Myrick Mill .. ____| White clay, sedimentary. [45.39| 0.93|38.24
119} Meclntyre, J. T. Hatfield__ | White clay (undeveloped) |45.57 | 0.20 |38.34
120 | McIntyre, Robt. Billion._ | Xaolin.________________144.92[ 0.20140.04
121 | MeIntyre, N. T. Carswell. | White clay (undeveloped) |44.22| 0.45 |38.40
122 | MeIntyre, N. T. Carswell_ | Hard fire clay___________ |43.57 [none |39.34
123 | McIntyre, N. T. Carswell. | Stained kaolin _.._______|39.88| 0.26(34.36
124 | Toomsboro______________| Fire clay (undeveloped).. [46.84| 4.41 |37.73
125 | McIntyre (Bentley) ______ | Hard white clay._.______[49.07| 5.14|31.60
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F9203 CaO MgO Nazo Kzo Ti02
0.85| 0.00| 0.04| 0.03 |trace |1.47{12.14(13.38
0.59 {none |none [trace jtrace }1.33(12.30} 9.48
1.59] 0.25] 0.13] 0.29( 0.03]0.82(13.64| 2.61| S. 0.20.
6.231 0.211 0.83{ 0.49] 0.33{0.91} 7.78] 3.48] S. 0.10.
1.15 trace | 0.06] 0.17| 0.180.17[13.26| 0.65
2.72]1 0.00( 0.09] 0.04] 0.21{2.53{11.91( 0.86
0.801 0.00] 0.06| 0.02| 0.051.38|13.48| 0.87
0.84( 0.05[ 0.04 |trace [trace {1.15[12.89(10.72
0.51 |lnone | 0.16 jtrace [trace [1.36(13.73 0.93
0.85] 0.22( 0.10 [trace [trace |1.54{13.32| 1.69
0.631 0.20] 0.09| 0.09| 0.35]1.3713.46] 1.22
0.85 [trace | 0.08 |trace |trace {1.37(13.86| 1.00
5.78! 0.14} 1.85 [trace | 0.68(0.96| 7.40{ 8.36{ MnO 0.26.
0.85 |trace | 0.10 |trace | 0.04|1.60{12.63] 0.78
3.57( 0.18( 1.84| 0.31] 0.48(0.80| 6.16| 8.65] MnO 0.09.
0.28 7.08}1 1.71 4.23 ---{11.241 8.70
4.79] 0.13] 0.02| 0.02] 0.08]1.43(14.08]| 3.13
6.63( 0.28( 1.40| 0.08| 4.32(0.90| 6.59| 2.00| MnO 0.12.
7.48| 0.22| 1.40{ 0.43{ 4.76(0.92¢{ 5.36| 1.62| 8 .03, P205 .04, MnO .41.
8.50 [trace | 1.18| 1.79| 3.93[1.24( 4.79| 1.33
1.35 [trace | 0.00 trace | 0.44[0.28| 3.16| 0.34
2.02|trace | 0.87] 0.18] 2.10|___.| 6.88] 0.26 .
2.60 (trace | 3.24| 1.66| 5.53|____| 5.85| 3.87 | Hydrated SiO2 1.74,
3.38 [trace {trace | 0.28] 1.81[1.38| 5.35| 1.74! 8.0.02, MnO. 0.08.
1.19 |trace | 0.08 |trace |____.|2.26|11.82]| 0.96
1.36] 0.00; 0.18| 0.24| 0.71(1.56[10.92( 0.20
0.85 |none | 0.03 |trace | 0.31(1.93{13.53] 0.56
2.03| 0.05 |trace {trace [trace [_._.| 8.42| 1.57
11.05 |trace | 0.45( 0.07| 0.54(1.06| 7.23| 2.97
5.27 [trace | 0.37 {trace | 0.79(1.38| 6.38 .76
1.36| 0.28 0.28{ 0.30{ 1.7310.90| 4.20} 0.47
1.05| 0.40| 0.17 {trace |trace {___.[12.98| 0.99
0.70} 0.37{___..] 0.83|trace |_.__[14.52]| 0.21
1.01| 0.10 [trace [trace |trace [1.76]13.70( 0.35
1.02 {trace (trace {trace | 0.07(1.38(13.56| 0.40
0.68| 0.00| 0.00| 0.08] 0.12{1.32(13.72| 0.16
1.70 (trace |trace [trace | 0.28[1.48(13.47| 0.90
0.72) 0.00| 0.10] 0.05| 0.10]1.61{14.10| 0.89
11.73| 0.00| 0.00 |trace [trace |1.49]12.42| 0.58
1.02 [trace | 0.13]| 0.02| 0.08(1.26113.01{ 0.43
1.70 |trace | 0.82|trace | 0.361.29[12.31| 3.37

to
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BUILDING BRICK MANUFACTURERS

FIRM NAME LOCATION OF PLANT MATERIAL USED PRODUCTS PAGE IN REPORT
BALDWIN COUNTY |
f. 1

J. W. McMillan-._______....| Milledgeville_.__________{ Alluvial clay_.____..| Common and repressed

_ brick .. ... 287

BARTOW COUNTY
Cartersville Brick Co __._ | Cartersville_____________| Alluvial elay..._.___.| Common brick__.________| 289
BIBB COUNTY
Bibb Brick Co_________.} Macon_._____.__.________| Alluvial clay_.___.__ |Common, repressed and hol-
low briek. __ _.._.__.. 291
Cherokee Brick Co__.._. Macon______________...| Alluvial clay._______ | Common brick.______.__ 201
Standard Brick Co__.__..| Macon________._.__._____| Alluvial elay.__.__._. | Common brick__________ 291
Charles Harris.. . .____._| Macon._.______________| Alluvial clay._______ | Common brieck__.________ 291 .
Stratton Brick Co_.._..__ | Macon__._.____________| Alluvial elay-....___ | Common brick_._______.__ 201
CHATHAM COUNTY

Benjamin Rothwell .____| Pooler . _...______..__.| Sedimentary, Marine )

clay-.._-________| Common brick_._________ 301
S. H. Collins & Son _..__| Pooler ._....___________| Sedimentary, Marine

elay ____________.| Common brick__________ 301

CLARKE COUNTY

Georgia Brick Co .______.| Athens_________________| Alluvialelay-.._____| Common brick____._._.____ 304
Lane Brick Co_.________| Athens_. ___________.__._| Alluvial elay._____._.| Common brick_..________ 304
Albert Wall.__________.| Athens, 5 miles West .. ._ | Alluvial and residual

elay .______.._.__| Common brick__________ 304

0 XIANAddV
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BUILDING BRICK MANUFACTURERS

FIRM NAME LOCATION- OF PLANT | MATERIAL USED PRODUCTS

PAGE IN REPORT.

- - e e CLAY COUNTY

305

F. & C. Co-operative Co - | Ft. Gaines. - oo | Alluvial clay..__..__| Common brick____ ——-
COFFEE COUNTY
Douglas Brick Co__...__| Douglas__ .o __..___._. Sedlmentary clay’ | Common brieck.____.___- - =307 -
s X (Altamaha{ :
U Barrow’s Bluff______.____ Alluvial clay.______.| Common briek__._______ 307
DECATUR COUNTY
L. F. Patterson_________| Bainbridge ______._...| Alluvial elay...___.. | Common brick__________ 318
- DOUGHERTY COUNTY
Cruger & Pace _.._____. Albany__- ceememmme— e | Alluvial elay_._____.| Common brick..__._______ 320
Albany Brick Co_ - _..___ Albany ... ___..__| Alluvial g:lay--_.____ ~-| Common briek__._____.__ 320

EARLY COUNTY

Jakin Brick Co ... .c_ | Jakin____.:_..._____...| Alluvial dlay..___.__| Common brick . .._____|_

. Not described

ELBERT COURTY

Elberton Brick Co...._._.} Harper...______._.______| Alluvial clay_______. | Common brick.._________

Not described

D XIGNAILV



BUILDING BRICK MANUFACTURERS

FIRM NAME

LOCATION OF PLANT

MATERIAL USED

PRODUCTS

PAGE IN REPORT

FLOYD COUNTY

Rome Brick Co_________| Rome_______.__________.| Shale and alluvium_ - Cont;molix and repressed s

rick ... 32
Morrison & Trammel_.__ | Rome.______________.___| Alluvium._______..__| Common brick____.___.__ 324
Crucial Brick Co._.__..| Rome e o oooeoo| oo .| Pressed brick_.______.__ Not described

FRANKLIN COUNTY

Bowers Bros ... .....__| Canon .________________| Alluvium-__________| Common brieck_.________ 327
FULTON COUNTY
Chattahoochee Brick Co _| Atlanta___._.__________] Alluvium and shale_ . Cox{;molg and repressed
rick . __ . ______. 329
Palmer Brick Co_._._...{ Atlanta___.____________| Alluvium._...__.__.| Common briek_..__.___.. 329
South River Brick Co____.| Atlanta..___._._________| Shale and residual
elay_.-.___._.___.] Common brick____.______ 329
Capital City Brick Co_.._ | Atlanta______.________..| Alluvium.__________| Common brick.._.__.___ 329
GORDON COUNTY
Legg Brothers_.__._.___| Calhoun_.____._________| Shale_._.________.___| Dry pressed and common
brick - . _____________ 395
Calhoun Brick Co__.._._.. | Calhoun.___..__________| Residuum from shale | Common briek_..___.__.. 396
GREENE COUNTY
331

Ogeechee Brick Co______| Union Point__._.________| Residual and colluvial | Common brick__.________|

g
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BUILDING BRICK MANUFACTURERS

FIRM NAME LOCATION OF PLANT | MATERIAL USED PRODUCTS

PAGE IN REPORT

HALL COUNTY

M. D. Hudson_._._.__..{ Gainesville ____.________.| Residual and alluvial | Common brick__.________
Wheeler & Sons ________| Gainesville ___.________.| Residual and alluvial | Common brick._________
Mrs. P. P. Pfeffer. ___.__| Gainesville __.___________| Residual and alluvial | Common rick_._._______.
Standard Brick Co..___.| Oakwood._..___.________| Residual and.alluvial { Common brick__.___..__.__

333
333
333
333

HART COUNTY

J. D. Crawford & Son .__| Hartwell_______________| Colluvial elay_._._._.| Common brick__.________ Not described
LAURENS COUNTY
Dublin Brick Co_____..__| Dublin___._____________| Alluvium._.________| Common brick__________| 339
MACON COUNTY
Oglethorpe Brick Co_.___ | Oglethorpe . __.______.__| Alluvium.._________| Common brick__________| 344
MONTGOMERY COUNTY
Mason & Bland.___.____| Mt. Vernon_____________| Alluvium...________| Common briek___._.____| 345
MURRAY COUNTY
398

Henley Brick Co......_.| Chatsworth__.._..._____| Alluvium.__________| Common briek_____.____|

0 XIGNAddV
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BUILDING BRICK MANUFACTURERS

FIRM NAME LOCATION OF PLANT | MATERIAL USED PRODUCTS PAGE IN REPORT
MUSCOGEE COUNTY
G. 0. Berry & Son______| Columbus -___________-.| Alluvium.__________| Common brick.______ Lo 347
Shepherd Bros...._.......| Columbus .. .________| Alluvium.__________| Common brick__________ 347
Muscogee Brick & Terra
Cotta Co-. ... | Columbus . ________.____| Alluvium._.________| Common brick_______.__ : 348

NEWTON COUNTY

Anderson Bros__._______| Starrsville._.__________..| Alluvium.__________| Common brick__________ 349

POLK COUNTY

Mansfield Brick Co._____ | Rockmart_.______.__.._| Weathered shale _.__ | Common brick__________| Not described

PULASKI COUNTY

Hawkinsville Brick Co.._| Hawkingville.___________| Alluvium___________} Common brick__________ 354
Ainslie. . ... __..._| Allavium-__.________ | Common brick..__.______ 355

QUITMAN COUNTY

Eufaula Brick Co_.___..| Georgetown __._..._....| Allavium__.__.______| Common brick_._...____]| 355

i34
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BUILDING BRICK MANUFACTURERS

FIRM NAME LOCATION OF PLANT | MATERIAL USED PRODUCTS PAGE IN REPORT
RICHMOND COUNTY
McCoy Brick & Tile Co-._ | Augusta.. ... __.__....| Alluvium of Savan-
' nah River________| Common brick_____.__._ 357
Branch & Co___._______ | Augusta_.._______._____.| Alluvium of Savan-
nah River________| Common brick__________ 357
McKenzie Brick Co._..__| Augusta__ ________.___.___| Alluvium of Savan-
. ] nah River.____._.| Common brick__________ 357
Merry Bros-__ . _._.__ | Augusta___._______.____| Alluvium of Savan-
nah River________{ Common brick__._______ 357
B.S.Dunbar._,________| Augusta_-_______._._____| Alluvium of Savan- [
nah River._.___._| ommon brick_____.____ 357
Standard Brick Co_.____| Augusta__ ... ____.____| Alluvium of Savan-
nah River________ Common brick_____..___ 357
STEPHENS COUNTY -
G. W.Hitt.____________} Toccoa- oo _.__._| Alluvium.__.____.____| Common brick____.__.__ Not described
STEWART COUNTY -
Chattahoochee Valley - ~ .
Brick Co-.... .| Omaba_.___.________._ | Alluvium___________ | Common'brick___._.___ -360
THOMAS COUNTY
Arnold Brick Co._._.____} Thomasville______.__.___] Sedimentary and res-
: Common brick__________ 363

idual elay .- __.

O XIONAIIY
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BUILDING BRICK MANUFACTURERS

NAME OF FIRM LOCATION OF PLANT | MATERIAL USED PRODUCTS PAGE IN REPORT

TROUP COUNTY

Trimble Brick Co_._.__..| Trimble__.___________..| Alluvium-___.______| Common brick__.._.____

365

TWIGGS COUNTY

Thos. Bond . _.________| Reids____.___._______._.| Pleistocene alluvium | Common brick__________|

Not described

WALKER COUNTY

Mission Ridge Brick Co __ | Mission Ridge._ .- __.____| Residual fire clay
and shale.________| Pressed brick__.________

280

WAYNE COUNTY

Waynesville Brick Co____ | Waynesville.___________| Sedimentary clay of
Pliocene age__ __ __ | ___ _______________..__.

Odessa Brick Co__....__| Odessa....._.._....____| Sedimentary clay of
: Pliocene age _ . __ | ...

377
379

98y
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BUILDING BRICK MANUFACTURERS

FIRM NAME

LOCATION OF PLANT

MATERIAL USED

PRODUCTS

PAGE IN REPORT

SEWER PIPE AND DRAIN TILE

H. Stevens Sons & Co.__| Macon_____ ...} Alluvial elay_ . ___ | . _______.. 293
Stevens Bros. & Co _____| Stevens Pottery_.________| Alluvial clay and fire 17
elay - o e 2
Georgia Vitrified Brick :
and Clay Co-._...._.| Campania_.__..._..____....| Fireclayandschist__ |________________________ 308
American Sewerpipe Co.. | Blowing Springs_________| Alluvialelay_ . ___ | - ______________ 374
FIRE CLAY PRODUCTS
Stevens Bros. & Co -____ | Stevens Pottery_._______| Cretaceous fire clay__ | Fire brick, locomotive
tiling, flue linings, etc - 172
Georgia Vitrified Brick -
and Clay Co.________{ Campania______________| Cretaceous fire clay__ | Fire brick______________ 308
Mission Ridge Brick Co__ | Mission Ridge_- ________.| Residual fire elay__._ | Fire brick_..____________ 280
ROOFING TILE
Ludowici Roofing Tile Co_ | Ludowiei____________.___| Pleistocene alluvium. | Plain, and interlocking
tile (unglazed) ... ____ 340
TERRA COTTA
Atlanta Terra Cotta Co -_ | East Point _____________| See text of report - __ | Architectural terra cotta - | 329

0 XIGNAIIV
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POTTERY
FIRM NAME LOCATION OF PLANT | MATERIAL USED PRODUCTS PAGE IN REPORT

Magnesia Stoneware Co__ | East Point __.___.____.__| Fire clay and plastic

alluvial elays _____ | Jugs___________________ 329
J.D.Brewer.._______..| Bogart__ _._____________| Plastic alluvial elay__ [ Common earthenware____ 381
J. M. Meador_.._______..| Cleveland____.__._._.___| Plastic alluvial clay.- { Common earthenware_.__ 381
W.F. Dorsey_—-_._.____| Leo_.____________.____| Plastic alluvial elay_. { Common earthenware____ 381 .
Dorsey Bros._ __.____._.__| Mossy Creek___._________| Plastic alluvial clay__ | Common earthenware____ 381
Puckett Bros- .- ________| Oakwood. ____._________.| Plastic alluvial clay_. | Common earthenware_. __ 333
S. N. Worthen_._.______| Lafayette .___._____.____| Residual clay from-

shale ___________.| Common earthenware.___ 374
Emmet Merritt - ________| Lizella.__.______...__..| Stream alluvial and

fire elay_..._____.| Common earthenware.___ 219
J. E. Bryant, Jr .. ______| Fort Valley._.__________| Stream alluvial and

fire clay__________| Common earthenware_.__ 219
C.J.Beecham_.________| Knoxville______________{ Stream alluvial and

: fire clay__ _...____ | Common earthenware_.._ 219

W. F. Shephard __.._...__ | Cartersville.___.________.| Plastic stream mud_-- | Common earthenware_. __ 290
C. C. Brumbeloe._______| Meansville.___.___..____.{ Plastic stream mud_. | Common earthenware___. 373
W. R. Brumbeloe._.____| Thomaston._.________.___| Plastic stream mud__| Common earthenware____ 373
J. W. Beecham_________.| Knoxville .____________.| Alluvial and fire clay | Common earthenware___. 219
Monroe Hortley_..__.____ | Knoxville _._._..________| Alluvial and fire clay_ | Common earthenware_.___ 219
James Yawn ___________ | Knoxville_______._______| Alluvial and fire clay_ [ Common earthenware____ 219
Chas. Avery_.____.._...| Knoxville____.________._| Alluvial and fire clay- | Common earthenware.____ 219

82¥%
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CLAY MINERS

LOCATION OF PLANT

FIRM NAME MATERIAL MINED PRODUCTS PAGE IN REPORT
Georgia Kaolin Co_.____| Dry Branch ___.________| Cretaceous, sedi-
mentary clays_____| Kaolins (g)aper and pot-
o tery) fire elays_______ 125
Atlanta Mining & Clay Co| Dry Branch ____.._..____| Cretaceous, sedi-
: mentary clays__.__ Kaolins (txl)raper and pot-
tery) fire clays_______ 130
I. Mandle & Co.________{ Dry Branch ..__________| Cretaceous, sedi- ] -
mentary clays__.__ Pottery kaolin__________ 142
American Clay Co.______| Dry Braneh ____..____.__| Cretaceous, sedi-
’ mentary clays___ __ Paper Clay_ - _.__._. 138
Albion Kaolin Co_______ | Hephzibah _____________| Cretaceous, sedi- -
: mentary clays___ __ Papereclay___ . _________ 186
J. R. Wimberley_.___.___| Perry___________._______| Cretaceous, sedi- i
mentary clays_____ Paper clay and fire clay __ 209
J. R. Van Buren.____._._| Griswoldville..____.______| Cretaceous, sedi-
mentary clays_____ Fireelay_______._______ 154
J. W. Huckobee ________| Lewiston___.__._.________| Cretaceous, sedi- ‘
mentary eclays___"__ FireClay. . ________ 159
J.D. Carr__.___________| Carr’s Station___________| Cretaceous, sedi-
mentary clays._.. 204

‘Fireelay__.______.____.

ad XIONAIIV
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430 APPENDIX D

APPENDIX D

THE BAUXITE OF WILKINSON COUNTY, GEORGIA

While making a study of the white clays of the Cretaceous
formation of Georgia, the writer observed a concretionary
clay-like rock in the northern part of Wilkinson county, which
upon being analyzed was found to be bauxite. Since the
announcement of the discovery a number of other occurrences
have been observed, but little prospecting has been done or
attempt been made to determine the commercial importance
of the deposits. At the point of discovery, however, the ore
is known to be in commercial quantity. Aside from the com-
mercial aspect, the deposits seem to be in origin unlike those
of any other locality described, and may be of much scientific
interest. The bauxite is closely associated with white clay
beds and it seems not improbable that the bauxite is a chemi- -
cal alteration of the clay. )

The deposits are in no way connected with those of the
Georgia-Alabama field. The bauxite occurs in Central Geor-
gia, near the northern margin of the Coastal Plain, 20 to
30 miles east of the city of Macon, and about 150 miles distant
from the Georgia-Alabama deposits. The rocks of the region
are of lower Cretaceous, Tertiary and Pleistocene ages, and
rest upon a floor of igneous and metamorphic rocks which
are exposed a few miles to the northward. The bauxite as
far as observed lies near the contact between the lower
Cretaceous (Tuscaloosa formation) and the Tertiary (Clai-
borne formation). The strata are for the most part uncon-
solidated sands and clays, having no pronounced structural
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features; the beds lie almost horizontal, having only a slight
dip southward; the slope of the crystalline floor near the Fall
Line is 50 to 75 feet per mile.

GroLoay

The crystalline rocks immediately north of the bauxite
occurrences, consist of coarse grained highly feldspathic
granite, deeply weathered, schists of uncertain origin and
trap dikes supposed to be the equivalents of the Triassic
trap dikes of the Atlantic coast. The dikes are small and
are typical diabase, consisting principally of plagioclase and
augite with accessory olivine and magnetite. It is not
believed that these rocks have any direct bearing upon the
origin of the bauxite and their description will not be entered
into in detail. -

The Lower Cretaceous or Tuscaloosa formation, lies upon
the eroded crystallines and consists for the most part of un-
consolidated sands and clays. The rock of the formation was
probably deposited in fresh or off-shore, inland, bodies of
water, since it gives no evidence of marine conditions. The
lower part consists of loose and coarse grained clayey sand
characteristically crossbedded and gray or red in color. It
contains lenticular beds of white clay, but these lenses are
of small extent, vary in texture and grade into sand
abruptly. In the upper part of the formation there are
remarkable beds of ‘white and stained clays approaching
kaolins in composition, which may reach a thickness of 30
feet. The clays are massive bedded, not laminated, both soft
and hard, and contain only a small percentage of sandy
impurities. The bauxite is closely associated with these white
clay beds. The Tuscaloosa formation probably reaches a
thickness of 500 or 600 feet. It is largely obscured by over-
lying formations and good exposures are obtained only where
stream erosion has been active. The sands consist of quartz
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and mica principally, with very small amounts of other min-
erals common to the igneous rocks of the Piedmont Plateau.
As above mentioned the clays are quite pure and approach
kaolins in composition.

4 &
Ay l’leZmont‘ @i /\
C'rystalll nes [/4

N
<A< 4 V/]
L” R 74

F1g. 13.—Generallzed North-South Section Showing the Geological Position of
' the Wilkingson County Bauxite

Middle Eocene (Claiborne formation) sands and clays
unconformably overlie the Cretaceous and reach a thickness.
of 150 to 200 feet. The Tertiary presents a distinet lithologic
difference from the Cretaceous. It consists of highly fer-
ruginous and argillaceous sands (unconsolidated) laminated
impure clays in the nature of fuller’s earth and patches of
limestone and quartzite. The lower part of the formation,
where it is in contact with the Cretaceous, frequently con-
tains large boulders, and small pellets of white clay, evidently
torn from the white clay beds of the Cretaceous. The Ter-

tiary here is a marine depos1t and contains abundant remains
of marine life.

The clay of the formation is laminated and thinly bedded,
and is of variable thickness and continuity; it may reach a
thickness of a 100 feet or more. It often occurs as thin leaves
or laminae a half or an inch thick, with thin sand partings.
The clays are gray, greenish or drab in color; they are rarely
stony in appearance and not sufficiently consolidated to be
termed shales; they are frequently calcareous and contain
hard nodular calcareous layers. The clay is distinguished by
its low specific gravity and peculiar physical properties, being
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highly porous and having some of the properties of a ful-
ler’s earth. A hand specimen is soft, unctuous, generally
free from coarse sand, and breaks with a smooth conchoidal
fracture. Microscopic examinations of these clays reveal
quartz, muscovite mica, feldspar, magnetite, besides the clay
substance. The clays where weathered are often tough and
waxy and lines of stratification are obscured. The composi-
tion of the clays is shown by the following analyses:

) I n I
Moisture . .....cviviiiiiiinnnann 0.00 3.64 P
Loss of ignition ................. 11.24 1541 6.74
Silica 8iO, (total) ............... 61.28 50.42 71.61
(Silica 8iO, (sand) ............... 6.89 36.80 ceeas)
Aluming ALOs ....oovvvevunnennn. 14.64 11.56 14.06
Ferric oxide Fe,0p .......0u..un.. 0.28 2.20 3.91
Lime Ca0 ......coovvivvnnnennnnn 7.08 13.89 24
Magnesia MgO ..........co0vnnns 1.71 1.73 2.01
Sodium oxide Na,0 .............

Potasgium oxide K,0 ........... 4.23 1.36 34
Titanium dioxide TiO; .........c.0. venns ceene .88
Total . ...ovvvriiniinnnnnnnns 100.46 100.21 99.79

The sand of the Claiborne is generally highly ferruginous;
at the surface it is a bright red in color, but where
unweathered may be gray, yellow or purplish. The sand is
largely quartz, with some mica. It is often argillaceous, con-
taining clay in thin laminae. The sand of the formation near
the contact with the Cretaceous is clayey and yellowish green
in appearance often suggesting the presence of glauconite.

A mantle of loose gray sand, varying from nothing to 5
or 6 feet in thickness overlies the Cretaceous and Tertiary
formations. It is probably of Pleistocene age and is similar
to the gray Columbia sand, which overspreads the entire
Coastal Plain.

28
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Fig. 14—Map of a portion of Centrdl Georgia, showing the location of the Wilkinson County Bauxite

Field. X Bauxite Outcrops.
BauxiTe

The bauxite as far as has been observed lies near the
contact of the Cretaceous and Tertiary formations and is
always contiguous to white clay beds. It lies in the form of
beds directly upon the clays of the Cretaceous and has been
observed as bowlders scattered in the soil, together with frag-
ments of pitted and concretionary clay. The bauxite beds
have been observed with a thickness of 10 feet; there is no
- evidence of stratification.

The bauxite is generally pisolitic or concretionary, but
may in some cases be amorphous and without concretionary
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structure. It may be composed almost entirely of pisolites
about the size of a pea, or may be dense, halloysitic and even
flinty. in appearance with only a few scattered concretions
imbedded in the mass. The concretions vary in size from
oolites to balls one inch in diameter. They, nearly in all
cases, have a hard, concentric outer rim or shell enclosing a
detached ball of softer, more earthly material. The pisolites
may be hollow or have simply a spongy skeleton of the interior
remaining, while in other cases the whole pisolite is hard
and flinty, the outer rim differing slightly in appearance

from the interior. In some specimens, there are small cavi-
ties lined with a soft yellow, incrustation which may be gibb-
site. .

In one locality the ore seems to be made up of irregular
shaped and round pebbles varying from 1/ to 114 inches in
diameter; the interstices between the pebbles are composed of
a horn-like translucent bauxite and an altered sand in which
free quartz and occasionally mica may be detected. The peb-
bles are smooth and appear to have been water-worn before
their deposition. Most of these pebbles are amorphous and
do not have a concretionary structure. They are highly fer-
ruginous, the iron appearing to be a replacement of the
bauxite in place. '

The bauxite varies in color from almost white and cream
color to a bright red. It is generally hard—no soft, granular,
clay-like varieties have yet been observed.

The following analyses, made by Dr. Edgar Everhart,
Chemist of the Geological Survey of Georgia, show the com-
position of the ore: ”
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Axavyses oFr WiLkiNsoN CounTy BAUXITE

No. | ALO; | Fe,0;] SiO, | TiO, l H,0 |I Moisture ||Undetermined
|
1 52.92 7.66 | 10.17 | 2.30 | 26.55 ;1 T
2 57.58 .96 9.38 | 2.76 | 29.12 B5 0 | aeeeeen
3 41.97 | 18.24 | 17.50 | 2.65 | 16.83 2.65 .16
4 | 57.36 1.94 90 | 3.65 | 32.44 .67 3.04
5 42,73 | 14.99 | 1557 | 1.84 | 20.29 279 | ...
6 61.77 1.67 90 | 2.26 | 31.77 95 | L.
7 | 60.64 1.33 2.30 | 2.00 | 30.58 279 | ...
8 61.00 1.94 .74 | 2.66.| 32,93 I L
9 60.54 194 1.96 | 2.01 | 32.51 B5 0 | e,
10 62.46 .81 4,72 .23 | 31.03 P
11 49.94 9.32 8.32 | 1.98 | 27.24 194 | ...
12 3992 | 16.84 | 20.00 | 1.47 | 19.52 125 | ...
13 60.55 1.89 212 | 1.96 | 32.97 T
14 61.52 1.70 1.18 | 2.70 | 32.76 ves 14 '

In the analyses of the purest bauxite, the ratio of alumina
to water approaches most closely that of the tri-hydrate of
alumina, gibbsite. The iron oxide exists as a mechanical

impurity or as a replacement of the bauxite; the silica exists
in the form of clay as a mechanical impurity, and as an

opaline, soluble silica.

OriciNn oF THE BaUuxiTe

The origin of the bauxite is obscure. The geological con-
ditions under which it formed were evidently different from
those of the Georgia-Alabama and the Arkansas districts, and
it is not believed that the theories advanced in explanation
of the latter deposits are applicable to the Wilkinson county

bauxite. «
The close association of the Wilkinson county bauxite

with the white clays and sedimentary kaolins of the Cretace-
ous at once suggests these clays as the source of the alumina
of the bauxite. The facts collected in the field and chemical
analyses favor most strongly the idea that the bauxite has
resulted from a chemical alteration in place of pure clays.
The following analyses suggest a gradation from clay to
bauxite:
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Analyses Showing Gradation of Clay to Bauwite

. I 11 111 v v VI
Moisture . ......e0..n .35 0.89 0.78 cees .33 ceet
Combined water H,O... 13.70 14,10 14,54 18.12 29,10 32.97
Alumina ALO; ........ 38.24 39.34 4091 4350 5521 60.55
Silica 8i0, (total) ..... 45.39 43.57a 41.21b 33.3¢ 1240 2.12

(SBilica 8i0, (sand) ..... . .93 112 563 ... L. W)
Ferric oxide Fe,0; ..... 1.01 72 .81 1.89 .96 1.89
Titanium dioxide TiO,.. 1.76 1.61 1.52 1.53 2.15 1.96
Lime CaO ............ 0.10 NONE  .....  cevee  waner eaans
Magnesia MgO ........ trace 0.10 0.12
Sodium oxide Na,O .... trace 0.05 0.04

Potassium oxide K,O ... trace 0.10 0.24

Total........... 100.55 100.48 100.17 98.38 100.15 99.49

(a) Soluble silica, 5.28%
(b) Soluble silica, 4.82%
Analyses by Dr. Edgar Everhart. )

All of the samples are from Wilkinson county. No. 1 is
an unaltered white clay, and is representative of extensive
beds which occur in Wilkinson and adjoining counties. Nos.
II and ITI are semi-indurated clays, which contain coarse
nodules and concretions and have the appearance of bauxite,
Nos. IV and V show a further decrease in silica, and No.
V1is a relatively pure bauxite. The silica in Nos. IV, V and
VI, exists mainly in combination with alumina as clay and
partly as soluble silica, but does not exist in appreciable per-
centages as free silica or quartz sand.

In the field, samples of clay may be observed which in
their physical appearance suggest an alteration process to
bauxite. These clays are semi-hard, mealy and have lost
some of their plasticity; they contain both nodules without
concretionary structure and concretions, giving the whole the
appearance of bauxite. Analyses show, however, not only a
small excess of alumina over silica, but also show that a part
of the silica exists in a soluble form. These clays form the
upper part (in contact with the Tertiary) of massive, non-
laminated, white clay beds which may reach a thickness of
30 feet; the lower part of these beds is structureless, soft clay,
but there is no sharp line between the two. Frequently the
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nodules and concretions weather out of the clay, giving the
clay a pitted and honey-combed appearance. At one locality
irregular shaped nodules of bauxite were scattered through
the soil, and were evidently derived by a weathering out pro-
cess, probably from a bauxite clay. Concretions have been
observed, which though possessing a distinct concentrie struc-
ture seem to be kaolin. It is not unlikely that these con-
cretions upon closer examination will show a high percent-
age of soluble silica, or silica not in combination with alum-
ina as in kaolin. Specimens may also be obtained which are
part clay and part bauxite, and which are not simply mechani-
cal mixtures which may have resulted after the formation of
the bauxite.

Bowlders of relatively pure bauxite together with frag-
ments of pitted clay, are very often found in the soil lying
upon the beds of honey-combed or pitted kaolins.

Assuming then that the bauxite was derived by a chemical
process from the clay, what was .the chemical solvent which
affected the change, and under what conditions? The man-
ner in which a relatively pure clay or kaolin could be decom-
posed with the formation of bauxite confessedly offers a diffi-
cult problem. The most satisfactory conclusion which the
writer can come to, considering the limited opportunity of
collecting facts, since the bauxite is as yet wholly undeveloped,
is that the kaolin and other clay may have been altered by
circulating highly alkaline waters of meteoric origin. The
alkaline carbonates as sodium carbonate or bicarbonate,
NaHCO,, may have been formed by the action of carbonic
acid on alkaline silicates or other alkaline salts in the over-
lying Tertiary, and being taken into solution by circulating
waters issued as springs near the contact of the Tertiary with
the impervious white clays of the underlying Cretaceous.
The action of the sodium carbonate on the kaolin would
result in the desilication of the kaolin with the formation
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of a sodium silicate, leaving an aluminous hydroxide in a
gelatinous or colloidal condition. The action of alkaline car-
bonates upon the clay would take place more readily were the
waters carrying them in solution, heated.

The conclusion is that the bauxite has been derived by the
action of a decomposing agent upon the clay, whatever this
chemical may have been, or its source. Certainly, this
chemical must have been a more powerful solvent than car-
bonic acid, and the alteration was effected by other than
simple weathering agencies. The possibility of thermal
waters derived from the nearby igneous rocks of the Pied-
mont Plateau, or those underlying the sediments, effecting
the alteration, was considered, but under the geological con-
ditions this seems to have little evidence in its favor. Waters
carrying sulphuric acid would be capable of decomposing the
clay, but the source of the acid would be difficult to explain,
since, so far as known, the overlying Tertiary and the
Cretaceous contain no appreciable amounts of sulphur com-
pounds.

DEescripTiON oF Bauxite OCCURRENCES

A number of occurrences of bauxite in widely separated
localities has been reported, but no development work has
yet been undertaken and scarcely any prospecting has been
done. TUntil the localities which are known are intelligently
- prospected, the commercial importance of the deposits will
remain in doubt. '

Parrer-HonevcurT Locarity.—This occurrence is located
about 3 miles northeast of McIntyre, and 114 miles north of
the 159 mile-post on the Central of Georgia Railway. Ore
occurs on the property of Mrs. W. R. Parker, J. R. Honey-
cutt, W. E. Honeycutt, and James Daniel. These proper-
ties are adjoining, and the geological occurrence of the baux-

ite is the same on each of the properties, and the outcrops
appear to be at about the same level. The ore varies, how-
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ever, in its physical appearance and in quality. The bauxite
occurs in blanket form or in beds, and rests upon clay beds
presumably of Cretaceous age, and is overlain and in contact
with sands and clays of the Middle Eocene age (Claiborne for-
mation). The mineral is pisolitic or concretionary, locally
called ‘‘honeycomb’’ rock, and varies in color from almost
white to a dark red.

On the property of Mrs. W. R. Parker, there is a good
natural exposure of the ore, on the west side of Dry Branch,
and about 15 feet above the level of the creek. The bauxite
is abundantly strewn over the surface in the form of bowlders
and fragments, and the bed is known to reach a thickness of
10 feet. The bed is underlain by a soft, pink and highly
stained, structureless clay, the thickness of which certainly
exceeds 10 feet. Overlying the bauxite bed is unconsolidated
ferruginous sand, probably of Tertiary age. This sand,
together with a superficial loose sand a few feet in thickness,
constitutes the overburden of the bauxite. From the bauxite
outcrop, there is a gradual increase to the top of the ridge
to the west, which has an elevation of 75 to 100 feet above
the creek. There are no exposures by which it can be
determined whether there is an abrupt change from bauxite
to clay or whether there is a transition. The bauxite here
is white, cream colored and yellow, and entirely pisolitic.
It undergoes bleaching and hardens slightly upon exposure
to the atmosphere. The following is an analysis by Dr. Edgar
Everhart of a surface sample:

Alumina, ALO; ..vvriinnniiiiiii i 57.58
Silica, 10, «vvvviiriiii ittt 9.38
Ferric oxide, Fe,0; ...cooiiniiiiiiiiiiieiiianen., .96
Titanium dioxide, TiO; .....ccoviniiiiiiiiii., 2.76
Combined water, H,O .....coovivieniiiiiiiianineo., 29.12
Moisture ........cocceveennnn T R .35

03 7 100.15

The westward extent of the bed, or the distance to which
it extends into the hill, has not been determined. A well
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sunk at the residence of W. R. Parker, 14 mile west of the
outcrop, reached the white clay bed of the Cretaceous, but
as far as can be ascertained no bauxite was found. The bed
seems to disappear to the northward. The quantity of the
ore here is sufficient, however, to justify exploitation.

7ertiary v
Jand

W —>r
Fig. 15.—Cross-section of the Parker-Honeycutt Bauxite Properties

A continnation of the Parker bed occurs on the Daniel
property adjoining on the south. It is similar in appearance.
It has not been prospected, but the surface outecrop indicates
that a commercial quantity of the ore exists.

The bauxite is prominently exposed on the property of
J. R. Honeyecutt on the east side of Dry Branch and adjoin-
ing the Parker property. The bauxite differs from that on
the west side of the branch in that it is highly ferruginous
and red in color. It consists of small concretions of pisolites
imbedded in an earthy and halloysitic matrix. The under-
lying clay is soft and mottled red and white, or is a solid
red. The bauxite is known to reach a thickness of 4 feet
and may exceed or be less than this thickness. It occupies
a small knoll and probably underlies 4 or 5 acres. The over-
burden is inconsiderable. Analyses made upon samples col-
lected at the surface show the ore to be low grade.

Aluming, ALOg ...vvvrviiivriivinvnnnneennns 52.92 49.94
Silica, 810; vveieiiiiiiiiiiiiniiriiierenans 10.17 8.32
Ferric oxide, Fe,05 vvvvvrrrnnnrieniinnananns 7.66 9.32
Titanium dioxide, TiO; v.cvvvveveerrereennans 2.30 1.98
Combined water, H;O ......cvnviveeennencnnns 26.55 27.24
MoOISUTE +vvveerennnennraneonnoeenannaannnns .35 1.94
11 7 ) R 99.95 98.74

Analyses by Dr. Edgar Everhart.
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Alumina, ALO; t.iviiiiiineiornioeeennesesosasanenss 30.08
Silica, Si0; tivveeeerrrerereeotnrneneersonansnancanss 37.92
Ferric oxide, F'e;05 +vvvvrereenrocecnunneosenscaaonsen 17.46
Titanium dioxide, TiO; seveeeerunrnsrrnneasinrreerons 1.56
Combined water, HyO .....vviiiriiiroensossneronensens 12.06
MOISEUIE +ivvuevnerereeeeeeonsenonsonseeasaseassnnnns 55

Total ..iirvriiiiiiiiiiiiieieeninieetnnonnnnnsns 99.63

A red, ferruginous bauxite occurs on the property of W.
E. Honeycutt, adjoining the Daniel and J. R. Honeycutt
places on the south. The ore was found in sinking a well
and is also exposed naturally. No prospecting has been done
to determine the extent of the deposit.

J. U. Parker’s PropERTY.—This location is 5 miles north
of MecIntyre, on lot 172, 4th district, Wilkinson county.
Large bowlders of bauxite are abundantly scattered over
small knolls on this property. These bowlders are drab
colored, very hard and flinty, with only scattered pisolites.
They appear to be a residue of weathering and erosion and
are not in place, and were probably derived from a bed lying
at a higher elevation. Evidence of such bed, overlying a
white clay or kaolin, is found in scattered concretions lying
along the side of a Tertiary ridge.

The bauxite here is high grade, and justifies further pros-

pecting.
The following is an analysis of the J. U. Parker bauxite:
Aluming, ALO; «..vvvvvinnnrnrrienneninnnnnnnanns 60.55
STHER, S0, o2 nvnnrunnnnuesreeeeeranmeneeeeeeresesnes 2.12
Ferric oxide, Fe;0s cevviiirniriirnnrriinnesesenreennans 1.89
Titanium Aioxide, TiOz «vvevvereeeeereereaneeeeeeeens 1.96
Combined water, H;O ......vvviiienniniiiernnnneneans 32.97

McInTyre.—Bowlders of bauxite occur on the property of
Dr. W. A. Parker near McIntyre station. The bowlders are
scattered over a cultivated field, and have been turned up in
plowing. The bauxite does not seem to be in place and is
probably residual. Beds of white, pitted clay are exposed,
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which have been mistaken for bauxite. The ore is of good
quality, but there is very little surface indication of any
large deposit.

Horreman ProperTy.—Scattered bowlders of bauxite have

been found on the Holleman property, 3 miles west of
MeclIntyre. A white. clay, semi-indurated, which has been
quarried out for building purposes, occurs here, and the baux-
ite fragments lie in the slope beneath this clay bed. It seems
probable that they are erosion remnants of a bed which once
existed above the clay bed. The ore here shows 60 per cent.
alumina. : .

On the same property on the south side of the Central of
Georgia Railway track, fragments of a highly ferruginous,
pebbly bauxite are observed in the soil. Search in the ridge,
above the fragments, failed to reveal any bauxite bed.

R. W. Apxins’ PropeErTy.—This property is located about
3 miles east of McIntyre, on the south side of the railroad
track. Only scattered fragments of bauxite have been found.
These are closely associated with beds of white semi-indurated
clays or ¢‘chalk.”” Thus far no minable quantity of bauxite
has been found, and if such exists it may be expected at a
higher level than the scattered fragments, which are under-
lain by clay. This statement is based upon my field observa-
tions so far as conducted which are, that the bauxite occurs
near the tops of the clay beds rather than within the clay or
at the base of the beds. There are coarsely pitted, and
honeycombed rocks here which contain a higher percentage
of combined water than in clay, and may be halloysitic or
may be taken as an indication of the alteration of clay to
bauxite. The following is an analysis of the Adkins bauxite:

Alumina, ALO; ...ciiiiineierninnanrensnnnronnneeas 60.64
Silica, 810; toceiieiiiiiiiiiiiiiiii e e 2.30
Ferric oxide, Fe.05 +vevvvrnnrunesenesnssssenssnanes 1.33
Titanium dioxide, TiO; +evvveeivereanrvevssssnnserans 2.00
Combined water, HyO ......coeveiiiennrnnnioconsnaraas 30.58
MOISEUTO e evvrereecnranssoseosoenanscssosnssoannnnan 2.79
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ToomsBoro.—On the property of Mrs. Cannon, about one
mile north of Toomsboro, the writer observed fragments of
white, coarsely pitted, hard clay, and bowlders of bauxite.
The occurrence seems to be similar to the previously described
fragmental deposits. '

Dr. N. T. CarswerL PropeErTv.—This property is located
on the south side of the Central of Georgia Railway, 3 miles
west of Toomsboro. During the writer’s visit to the prop-
erty, a prospecting pit had just been dug, which revealed a
bauxite of high-grade. The full thickness and extent of the
deposit had not been determined, and the quantity of ore is
problematical until further prospecting. The bauxite here,
is associated with white clays, as elsewhere throughout the
county, and much of the clay is semi-indurated, pitted or
nodular and in its appearance suggests bauxite. Samples
from this property show nodules of pure bauxite imbedded
in a matrix of bauxitic clay.

The following is an analysis of the high-grade bauxite
from the Carswell property:

Alumina, ALO; ......... ety 61.52

1 T T 6 118
Ferric oxide, F'e;03 «.vvvvveniiiiieriiininiiiinenans 1.70
Titanium dioxide, TiO; ...vvvereiriniiiinnnenenneeann 2.70
Water, H/O ....ccvviiiiiininiannn. e 32.76
Undetermined ........coviiiveiineniiiniiiiisnonnnann 14

B 100.00

- Iewinton LocaviTies.—On the old Chambers place, 114
miles southwest of Irwinton, owned by Andrew Underwood
(colored) there are hard, rounded bowlders of flinty, amor-
phous bauxite with scattered concretions, in a cultivated field.
The bauxite occurs in the loose soil, and is doubtfully in the
place in which it formed, and hence there is but little pros-
pect of a bauxite bed being found underneath the fragments.
There are a number of outerops, in this vicinity, of indurated,
pitted and nodular white clays at a higher level than the
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bauxite fragments. From present conclusions concerning
the occurrence and origin of the mineral, bedded deposits are
most likely to be found near the top of the white clays.

The bauxite here is of exceptional purity.

Alumina, ALOs ...oivviiiiiiiiniiiiiiinieeniiniennns 62.46
Silica, 810, t.veiiiiinirieiriiriintrertiertrecaasians 4.72
Ferric oxide, Fe;0p ...ovviviiiiiiiiiiiiiiiiieiiienen, 81
Titanium dioxide, TiO; ....vvvvveiinnrinnnnocennnnns 23
Water, H:O (ecombined) ......o.ovvvviiiinenneninnnes 31.03

e ) 99.25

On the J. R. McNeal place, 5 miles west of Irwinton, there
is a hard rock deposit, whose bauxite nature would not at
first be suspected. The rock has an unusual appearance from
the fact that it is made up of dark red pebbles imbedded in
a light colored matrix, and it has a conglomeratic appear-
ance. It is quite hard and stony and has been used locally
for many years for building foundations and chimneys. It is
both highly ferruginous and siliceous;.does not possess the
characteristic pisolitic or concretionary structure of the
bauxite of other localities, but is made up of red, smooth
pebbles, some perfectly round and about the size of buckshot,
and others of irregular shape and as much as 114 inches in
diameter, and a siliceous matrix in which free quartz and
mica may be detected. The pebbles appear to have been
water-worn, and suggest that they were originally clay, and
have subsequently been altered in place. The exact geologi-
cal position of this peculiar deposit can not be observed, but
it is probable that it lies at the base of the Tertiary strata
of this locality; also hard and semi-indurated white clays
oceur and it is probable that these are Cretaceous and that
the bauxite is in the same geological position as at other
localities in Wilkinson county. No prospecting or develop-
ment work has been done and the full thickness of the bed has
not been determined. Judging from the thickness of large
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blocks exposed at the surface, it attains at places a thick-
ness of 3 feet. The indications are that there is an exten-
sive deposit.

The following are analyses of the bauxitic rock from this

locality :
I I

Alumina, ALOs +vvvevrniinriniiniinnnsaenns 41,97 42,73
Silica, 810; +..evverrriiteriieriiiiiianane 17.50 15.57
Ferric oxide, Fe,03 vvvvvevvenniininnnennnn. 18.24 14.99
Titanium dioxide, TiO; c.vvvveernienrrnnnann. 2.65 1.84
Combined water, H)O ....ovviiiiivnnnneinnns 16.83 20.29
MoOIStUT® oo vvrenerenreenneenensacnansnosans 2.65 2.79
Undetermined .......ocoeieiinriiinennennns .16 ceeee

b7 ) 100.00 98.21

The high percentages of silica and iron oxide seriously
affect the value of the rock as a bauxite, and it can be of
but little commercial value at present.

- Gorpox LocariTies.—About 6 miles southeast of Gordon
on the Vinson property, there is a bauxite deposit quite
similar to that on the McNeal place above described. The
property is owned by W. A. Jones of Gordon. The rock is
quite hard and stony. It occupies the top of a small knoll
and probably underlies 10 acres at the point examined. The
thickness of the bed could not be determined accurately, it
probably does not exceed 3 feet. The hard rock is under-
lain by soft clay in the nature of a sedimentary kaolin, but
highly stained by iron oxide.

The analysis of a sample of the red bauxite rock from this
locality is:

Aluming, ALOg ...uiviivniernnerneecesrosnnssanannns 39.92
Bilica, 8102 «vverivirrinreernerenstrsiseecaniicsnsans 20.00
Ferric oxide, Fe;05 v.vviiiiiiirninsonersseescenesnaes 16.84
Titanium dioxide, TiO; +.vuvveinerrenrranneennnnninns 1.47
Combined water, HO .....covvviiiinninnnnneniiennnes 19.52
MOISEUTE & eveverrrncnreoneennasasasensosssossnaanns 1.25

B 7 99.00

The analysis shows the material to be very low grade. A
few fragments of high-grade pisolitic bauxite were observed
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and apparently at a higher level than the rock, but their
source could not be located.

On the property of Mrs. Z. T. Miller, 314 miles south of
Gordon, bauxite appears in fragments and as nodules in the
soil, overlying a bed of hard white clay, which reaches a
thickness of 30 feet. No bedded deposit of bauxite has been
found. It is probable that the hard white clay is itself
slightly bauxitic. It has a nodular and concretionary appear-
ance and resembles bauxite closely. The locality is a favor-
able one for further prospecting.

Cooper StaTiOoON.—Bauxite has been found on the farm of
Mr. J. I. Etheridge, 2 miles southeast of Cooper Station, and
near the line between Wilkinson and Baldwin counties. The
bauxite probably does not occur in commercial quantity, but
the occurrence is interesting in that it affords evidence of the
alteration of clay in place to bauxite.

CoNCLUSIONS

If the conclusions, concerning the origin and geological
occurrence of the bauxite, presented in the first part of this

report are correct, there may be an extensive area in which
bauxite may be expected to occur. The points at which the

bauxite are most likely to be found may be approximately
located by locating the white clay beds, locally known as
¢‘chalk’’ beds, of the Cretaceous, since the bauxite has been
found contiguous to the clay and near the contact between
these beds and the overlying red sands and impure clays.
Geological conditions in Twiggs, Washington, Glascock,
McDuffie, and Richmond counties are similar to those in
Wilkinson, and it would not be surprising to find bauxite in
these counties.
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