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CLAY INVESTIGATIONS IN THE SOUTHERN STATES, 1934-35

CrarTER 1.—INTRODUCTION

By G. R. MANSFIELD
PURPOSE AND SCOPE OF INVESTIGATION

The investigations here described were made by the Federal
Geological Survey in 1934 and 1935 under allotments of Public Works
funds, as part of a broad program to obtain a better picture than that
hitherto available of the character, distribution, and quantity of the
mineral resources of the Southern States. It was hoped that the
information thus gained might help to establish new industries or
extend or otherwise aid those already existing. Investigations of this
sort seemed particularly well adapted to the general Public Works
program because they gave employment to both technical and labor-
ing men, they could not be undertaken with the regular appropriations
of the Geologica,l Survey, their results were directly for the public
benefit, and in the long run they could be expected to pay back to
the public directly or indirectly far more than their cost.

The work was necessarily of a reconnaissance nature, because the
ground to be covered proved so large that the available funds would
not permit the exploration of individual areas or districts in sufficient
detail to justify estimates of tonnage of material of different grades.
It was possible, however, to eliminate from further consideration
much land that gives little promise of supporting commercial develop-
ment and to direct attention to deposits that it seems worth while to
prospect in detail, with the fair chance of finding large bodies of high-
grade clays.

TYPES OF CLAY INVESTIGATED

Large deposits of the highest-grade fuller’s earth, a type of clay
naturally active as a bleaching agent, have long been known to exist
in the southeastern United States, notably Florida and Georgia.!
The clay-mining companies have done intensive prospecting, but
their accumulated data have not been published. At present several
companies are mining the best and most extensive deposit, and they

t Gunter, Herman, and Sellards, E. H., The tul,ler's' earth deposits of Gadsden County, Fla.: Florida
Geol. Survey 2d Ann. Rept., pp. 253-201, 1809. McCallie, S. W., A preliminary report on the minerak

resources of Georgia: Georgia Geol. Survey Bull. 23, 1910. Shearer, H. K., A report on the baxuite and ful=
ler’s earth of the Coastal Plain of Georgia: Georgia Geol. Survey ‘Bull. 31, 1917,

1



2 CLAY INVESTIGATIONS IN SOUTHERN STATES

have determined that there are ample quantities available for many -
years to come. '

On the other hand, the only domestic deposits of bentonitic clay
now being operated on any considerable scale are in the far south-
‘western part of the United States. Bentonitic clays or “bentonites”
(see p. 8) in the raw state are generally inactive as bleaching agents
but are ‘“activable’” and become ‘“activated,” or acquire bleaching
power, when treated with acid. Prior to 1930 little was known of any
bentonites east of the Mississippi River except the Ordovician ben-
tonites of Kentucky, Tennessee, and Alabama,? which are com-
mercially unimportant. In that year A. C. Trowbridge, in the em-
ploy of a private company, discovered a bed of activable bentonite
near Laurel, Miss., which proved to be equal to the best imported
material.

For several years the Geological Survey, to aid in the search for
high-grade deposits, has been making laboratory studies of samples of
bentonite received from many parts of the country. Trowbridge’s
discovery had already directed attention to the Vicksburg group of
geologic formations in Mississippi. Commercial operations in
fuller’s earth at Olmstead, Ill.,, had also directed attention to the
Porters Creek clay, of which the Olmstead deposit is a part. It was
therefore decided to study these formations in the field and so far as
practicable to follow them and their associates into neighboring
States, in the hope that large bodies of high-grade bleaching clays,
particularly those of the activable type, might be discovered.

In some States, too, where it was desired to supplement published
information or where requests for information relative to special
tracts of land had been received, some attention was given to the
better grades of ceramic clays. In general lower-grade deposits
suitable for brick and tile were so abundant and so well known that
no work was done on them.

STATES INCLUDED IN INVESTIGATION

Eight States were included in the investigation—South Carolina,
Texas, Kentucky, Tennessee, Alabama, Mississippi, Georgia, and
Florida. The States are named in the order in which the respective
-reports are listed, those by regular members of the Survey’s staff
being given precedence over those by temporary members. Investi-
gations of bleaching clays were made in each of these States, and
ceramic clays were also studied in South Carolina, Texas, Kentucky,
Tennessee, and Alabama. The amount of time and money spent was
not the same in each State, because at the outset the available informa-
tion for some States indicated greater promise than that for others.
In some States, also, so little had been published on clay resources that
larger expenditures seemed justified.

2 Nelsoﬁ. W. A., Geol. Soc. America Bull,, vol. 33, no. 3, pp. 605-615, September 1922. '



INTRODUCTION : 3

DISTRIBUTION OF FUNDS

The total allotment made available to the Geological Survey for the
clay studies was $29,000, distributed among the different States as
follows: South Carolina, $6,000; Texas, $4,000; Kentucky, $2,000;
Tennessee, $2,000; Alabama, $5,000; Mississippi, $5,000; Georgia,
$3,000; Florida, $2,000. Conditions of overburden in the areas studied
in Kentucky were so unfavorable that little could be accomplished
there by the available methods. Much of Kentucky’s clay money -
was therefore diverted to another Public Works project in that State.

METHODS OF FIELD WORK

The field work was directed to certain belts or groups of beds that
were known to contain or were suspected of containing bentonitic
clays. Outcrops of these beds were sought in stream valleys, gullies,
railroad and highway cuts, and at other places. Prospecting was also
done at such places and in intervening areas by boring test holes
with a 3-inch cup auger of the Iwan Bros. type. Numerous samples
were taken at intervals throughout the most promising deposits to
determine vertical and lateral variations in quality. These were
submitted for testing to the Geological Survey laboratory. For this
purpose samples weighing from 1 to 8 ounces each sufficed. Record
was kept of the locations of exposures and borings, and sketch maps
and profiles were made where necessary.

Work on the ceramic clays was carried on in much the same way,
but larger samples weighing 50 to 100 pounds each were necessary to
provide sufficient material for the ceramic tests.

BLEACHING CLAY
HISTORICAL SKETCH

~ The name “fuller’s earth” was given to naturally active bleaching
clay because of its original use, dating back to Pliny and in England
to the Middle Ages, for removing grease and fat from woolen cloth
during the process of fulling.

About 1880 N. K. Fairbanks & Co., of Chicago, Ill., learned that
in the Orient the color of olive oil was being improved by treating it
with clay. They began a series of experiments with cottonseed oil
and found that English fuller’s earth gave the best results of all clays
available at that time.?

Fuller’s earth was first produced in the United States in 1891, when
a bed of Tertiary clay marl near Alexander, Ark.,* was opened by John
Olsen. This clay was used for a time by the Southern Cotton Oil Co,
mid, The bleaching of oils with fuller’s earth: Min. and Eng. World, vol. 37, p. 667, 1912.

4 Branner, J. C., An early discovery of fuller’s earth in Arkansas: Am. Inst. Min. Eng. Trans., vol. 43,
p. 520, 1912.
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of Little Rock, Ark., but proved unsatisfactory 5 and the project was
short-lived. In 1893 fuller’s earth was discovered by accident near
Quincy, Fla.® During a fruitless effort to burn brick on the property
of the Owl Cigar Co. an employee called attention to the close re-
semblance between the clay being used and German fuller’s earth.
This discovery caused considerable excitement. Subsequently de-
posits of supposed fuller’s earth were reported from several States,
" but most of this material proved valueless for use in bleaching.

Florida was the sole domestic producer of fuller’s earth on any
commercial scale in 1895 and 1896, although small quantities may
have been produced elsewhere for local consumption. Colorado and
New York became producers in 1897, but the output in both States
was small. Utah began production in 1898; Alabama and Massa-
chusetts first reported production in 1904; Georgia, South Carolina,
and Texas in 1907; California in 1908; Nevada in 1918; Illinois and
Pennsylvania in 1922; Arizona in 1927; Idaho in 1931; Indiana in
1934; and New Jersey in 1935. Some States have produced fuller’s
earth continuously since their first year of reported production; others
have ceased production and have not reappeared as producers; and
others ceased production for a period of years but have resumed opera-
tions. Most of the present production comes from Georgia and
Florida. From 1895 to 1923 Florida produced more fuller’s earth
than any other State, but in 1924 Georgia took first place. During
1936 the production of fuller’s earth in the United States amounted to
230,814 short tons, valued at $2,264,978.

Although bentonite ‘was first described by Knight® in 1897 as
“taylorite,” early reports of the Geological Survey of Canada show
that under the name “soap clay’ it was already being commonly used
at Hudson Bay ports for washing blankets and woolens.® The first
shipments for commercial purposes were made in 1888 by William
Taylor, of Rock Creek, Wyo., after whom the material was-at first

_called “taylorite.”” Later that name was found to have been pre-
empted, and the clay was then called “bentonite,” from its occurrence
in the Benton shale of the Rock Creek district. Since 1888 produc-
tion has grown slowly until in 1936, 291,625 tons '* was produced by
8 States, of which California and Wyoming were the largest producers,
the others being Arizona, Mississippi, Oklahoma, South Dakota,
Texas, and Utah. ' _

§ Shearer, H. K., Bauxite and fuller’s earth of the Coastal Plain of Georgia: Georgia Geol. Survey Bulli
31, p. 142, 1917.

¢ U. 8. Genl. Survey Mineral Resources, 1914, pt. 2, D. 36.

7U. S. Bur. Mines Minerals Yearbook, 1934, pp. 969-974.

8 Knight, W. C., Mineral soap: Eng. and Min. Jour., vol. 63, p. 600, 1897; vol. 66, p. 491, 1898.

¢ Spence, H. 8., Bentonite: Canada Dept. Mines, Mines Branch, Pub. 626, 35 pp., 1924.

Davis, C. W., and Vacher, H. C., Bentonite; its properties, mining, preparation, and utilization:

U. 8. Bur. Mines Tech. Paper 438, p. 51, 1928, }
11U, 8. Bur. Mines, Minerals Yearbook, Review of 1936, p. 1261, 1937. The figure given includes 95,043

tons of “‘rotary mud" credited to California.
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. The early history of acid-treated clays is somewhat vague. It has

been stated '2 that the activation of clay by treatment with either
concentrated or dilute acids has been practiced for many years in
Europe, and that the firm of Smith & Field, of London, has been
using artificial silicates for decolorizing since 1873. Germany has
long exported activated bleaching clays to the United States. The
period between 1920 and 1925 probably marks the beginning of
commercial production of acid-treated clays here. The domestic
production was pioneered by the Standard Oil Co. of California and
the Filtrol Co., both working in California. Commercially activable
clay is practically all bentonitic.

USES

The early uses of naturally active clay for scouring and cleansing
long ago ceased to be important. Over 90 percent of all fuller’s earth
produced in the United States in 1936 was used in decolorizing mineral
oils; 5 to 7 percent was employed in treating vegetable oils and animal
fats; and less than 1 percent was utilized for miscellaneous purposes.’®

The activated clays find their principal application also in the
refining of mineral and vegetable oils and animal fats. This type of
bleaching clay is especially important where strong bleaching power
is required, as certain of the better activable clays show a bleaching
efficiency three to five times greater than that of the average com-
mercial, naturally active clay.

The uses of bentonite aside from bleaching are probably numerous
but are largely still to be determined by experiment. The subject is

" discussed at some length by Davis and Vacher ** and by Spence and

Light.®* The last two authors give a list of about 240 patents and a
bibliography. Spence’s earlier paper * also includes a bibliography.
Bentonite has been used increasingly in the foundry industry,
and most of the swelling type, obtained chiefly from Wyoming, is
believed to be used in this way. Its principal function is as a bonding

- ingredient to increase the strength of molding and core sands, and it

is also used as a suspending agent in core and mold washes. Bentonite
is believed to improve the workability and flow of concrete, to prevent
segregation before setting and make the finished product waterproof.
This use probably ranks next in importance after oil refining and
foundry work. De-inking of newsprint, which some years ago gave
promise of becoming an important industry and for which bentonite

13 Bierce, H. E., Some historical notes on the origin of contact filtration: Nat. Petroleum News, Dec. 14,
1927, p. 102.

13U, 8. Bur. Mines Minerals Yearbook, 1936, p. 1261, 1937.

4 Davis, C. W., and Vacher, H. C., op. cit.

15 Spence, H. S and Light, Margaret Possible industrial applications for bentonite Canada Dept.
Mines, Mines Branch Investigations of mineral resources and of the mining industry, 1930, no. 723 II,
pD. 12-34, 1931.

18 Spence, H. S., Bentonite: Canada, Dept. Mines, Mines Branch, Pub. 626, 1024.
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seemed adapted, has apparently not developed on the expected scale..
Other minor uses, which perhaps deserve mention, are as an improving-
bonding medium in firebrick and other refractories; in muds in rotary
well drilling; in aqueous emulsions; in dispersions of oil, bitumens, etc.,.
in soaps and detergents, sprays, and insecticides; in road, roofing, and
floor materials; in cosmetics, polishes, adhesives, ceramic glazes,
absorbents, etc.
PRESENT SOURCES OF SUPPLY

Practically all the granulated fuller’s earth now used comes from:
the region around Attapulgus, Ga., and Quincy, Ocala, and Midway,
Fla., as no other large deposits have been found of material firm enough
to be granulated and burned for re-use without rapid disintegration..
The fines are rejected. Fine-ground fuller’s earth is mined and ground
chiefly near Macon, Ga., and Olmstead, Ill., the Macon product
being used largely for bleaching cotton and palm oils, and the Olmstead
product for petroleum. Activated clay is produced chiefly at EI
Segundo and Los Angeles, Calif., and at Port Arthur, Tex. The El
Segundo plant obtains its bentonite from Otay, south of San Diego;
the Los Angeles plant from northeastern Arizona; and the Port Arthur

‘plant from Riverside, Tex. Lesser amounts mined near Woodward,
Okla., and Booneville, Miss., are treated and used as mud (“pulp:
process’’) by refiners.

Nutting’s investigations at the Geological Survey of a wide variety
of natural minerals and synthetics and a variety of treatments!” .
have indicated (1) that there are no minerals already in production
that appreciably exceed the fuller’s earths and activated bentonites.
in bleaching power; (2) that all the best clays of either class are sub--
stantially equal in bleaching power within their respective classes,.
differing as little from one another as the usual variations through
each deposit, (3) that no known synthetic materials or chemical
processes can compete with the clays being used in either efficiency or
cost, (4) that no treating processes excel those already in use, and (5)
that both the activation of clays by acid treatment and the “contact”’
process of use in decolorizing oils are very old and well known. Atten-
tion is therefore centered here on natural resources in fuller’s earths
and bentonites, their quality, tonnage, and availabjlity.

From available information apparently few deposits of bleaching:
clays of any consequence occur in the United States north of latitude:
'38° (Salt Lake, St. Louis, Richmond). The large markets are in the
Northeast, the Midcontinent area, and California. The Georgia-

Florida area has ample supplies of fuller’s earth, and seemingly large:
supplies of activable bentonitic clay of the highest grade have recently
been discovered in northwestern Florida and south-central Mississippi.

17 Nutting, P. G., Technical basis of bl_eaching-clay industty: Am. Assoc. Petroleum Geologists Bull...‘
vol. 19, pp. 1043-1052, July, 1935. -
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It is hoped that a systematic search may be made of the Southwest,
‘comparable with that here discussed for the Southeast. Occasional
samples sent in for test from Arkansas, Colorado, New Mexico, Utah,
and Arizona show that in those States, at least, excellent bentonites
exist apparently in large quantities. Unfortunately funds were not
available for carrying the investigation into the Midcontinent and
Western States named.

NATURE OF BLEACHING ACTION

Although the bleaching clays are produced in considerable quantities
by many independent operators, they have received little intensive
study, and many of the important factors in relation to origin, occur-
rence, and ultimate commercial applicability are not well understood.
Not much is known of the cause of the decolorizing action (bleaching
power) nor of its nature except that it is a selective adsorption of some
kind. In this connection Nutting *® states:

As the bleaching action [of clay] is essentially a selective adsorption of coloring

matter on exposed solid surfaces in contact with the liquid to be decolorized, such
surfaces must be the seat of bleaching action.

" Nutting’s research led him to the conclusion that it is the presence
of chemically open bonds or free valencies on clay surfaces that make
them selectively adsorbing. In a later paper * he wrote:

The open-bond theory of the bleaching action of active oil sands and bleaching
clays by selective adsorption set forth by the writer in previous papers * * *
has met every test that has thus far been devised. Clay particles (or oil sand
grains) are potential bleaching agents for oil when their surfaces hold H or OH
radicles adsorbed in a thin layer. When these are driven off by heating, open
bonds are left which select from the oil the darker, more basic constituents. At
elevated temperatures (100°-200° C.) dark oil particles directly replace hydrogen
and hydroxyl ions without previous drying. Certain clays that are not active
because bases such as iron, alumina, and calcium already occupy the surface
bonds may be activated by replacing such bases by the hydrogen of an acid.
The open-bond hypothesis is fundamental in understanding various details of the
behavior of bleaching clays.

In addition to the open bonds the contributing factors conducive
to adsorption are platy or cleavable crystalline structure, fineness
of grain, and characteristic individual bondlng of the atoms within

the clay material.
ORIGIN

Several theories have been proposed as to the mode of origin of
deposits of naturally active clay. Miser * described an occurrence
in Arkansas which he concluded was the result of alteration in place

18 Nutting, P. G., The bleaching clays: U. 8. Geol. Survey Cire. 3, p. 11, 1933.
¥ Nutting, P. G., Technical basis of bleachmg clay industry: Am. Assoc. Petroleum Geologists Bull.,.
vol. 19, no. 7, pp. 1043-1052, July 1935.
' 20 Miser, H. D., Developed deposits of fuller’s earth in Arkansas: U. 8. Geol. Survey Bull. 530, p. 210,.
1912,
66911—40——2
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of basaltic dikes that contained a high percentage of ferromagnesian
minerals.

It has been said that the fuller’s earth of Georgia was deposited
as a calcareous clay in shallow waters. Shearer # stated:

The leaching of the calcium carbonate left a large volume of openings, while
the silica originally present, together with that deposited from solution, formed a
framework strong enough to hold the pores open.

Porter * and others have presented arguments favoring an origin of
fuller’s earth from basic rocks in which augites and hornblendes are
the prominent minerals. Porter stated further that “practically
all workable dep051ts of fuller’s earth are secondary in origin, havmg '
been redeposited in sedimentary series.

" The deposits of fuller’s earth being mined at Olmstead, Ill., have
been interpreted by Grim * as near-shore marine deposits.

According to Davis and Messer,” ‘““the California bleaching earth
of the high-magnesia type seems to have been produced by the altera-
tion of a basic crystal tuff that contained some rock fragments.”

Grim % states that fuller’s earth at Ivey, Utah, is a decomposed
dacitic breccia underlying conglomerate that is at least in part
fluviatile.

" Natural leaching has very probably played an mﬂuentlal part,
possibly far more influential than has hitherto been suspected, in the
development of the various types of bleaching clays. Thus the
physical and chemical environment of the clay-forming materials
has been most effective in the development of the ultimate product.

The so-called ‘“bentonites’” are the most efficient activable clays.
It seems well established that the original mineral substance of true
bentonites was volcanic ash. Bentonite has been defined by Ross and
_ Shannon # as being “‘a rock composed essentially of crystalline clay-
like mineral formed by devitrification and the accompanying chemical
alteration of a glassy igneous material, usually tuff or volcanic ash;
and it often contains variable proportions of accessory crystal grains
that were originally phenocrysts in the volcanic glass.” The term
“bentonite” has sometimes been applied to clays not known to be
volcanic in origin, but for the purposes of this report the definition
of Ross and Shannon is followed.

Apparently the sedimentary materials that now make up the bleach-
ing clays were transported to their ultimate sites of deposition either

% Shearer, H. K., Bauxite and fuller’s earth of the Coastal Plain of Georgia: Georgia Geol. Survey
Bull. 31, p. 310, 1917.

2 Porter, J. T., Clays and clay products: U. S. Geol. Survey Bull. 315, p. 268, 1907.

% Grim, R. E., Petrography of the fuller’s earth deposits, Olmstead, Ill.: Econ. Geology, vol. 2,
p.:'[;:;,alvgiz?‘o. W., and Messer, L. R., Some properties of fuller’s earth and acid-leached earths as oil-
refining adsorbents: Am. Inst. Min. Met. Eng. Tech. Pub. 207, p. 5, 1929.

2% Grim, R. E., op. cit., p. 363.

2 Ross, C. S,, and Shannon, E. V., The minerals of bentonite and related clays and their physwal
properties: Am. Ceramic S8oc. Jour., vol 9, no. 2, p. 79, 1926.
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prior to or after the alteration of the original volcanic ash. The
agents of transportation are wind and water, and the most favorable
sites of deposition are protected inland basins, shallow lakes, and the
shallow relatively undisturbed waters of the continental shore lines.
Ash may fall directly into fresh or saline basins and remain in place,
or the material may be deposited on unprotected land surfaces and
subsequently transported. During transportation there is likely to be
contamination by the admixture of nonvolcanic materials, which in
general do not have the bleaching properties that are apparently
typical of decomposed ash. The transported nonvolcanic materials
are likely to be less efficient than ash that has remained at the site
of the original deposition. A

Recent field study by H. X. Bay, with 1aboratory investigations by
P. G. Nutting, has brought to light evidence which may indicate that
the major occurrences of naturally active clay in the Southeastern
States have been derived directly from volcanic ash or indirectly
from the same source through bentonites. The probable sequence
of change in quickly submerged and well-protected ash falls is from
ash to normal bentonite. On the other hand, where the ash has been
subjected to considerable weathering, washing, and transportation,
with dilute plant acids and bacteria perhaps assisting, the prohable
sequence is from ash to fuller’s earth. It is thought that through a
process of natural leaching, original ash falls may have been altered
into .activable clays, which, under proper environmental conditions—
when leaching continued—were rendered more and more active until
the ultimate naturally active state was reached. Some thick beds of
fuller’s earth are highly activable (bentonitic?), but not naturally
active, at the base. Active clays in general do not show recognizable
ash structure, but this structure may have been lost during leaching.

-Both Mississippi and -Georgia contain all intermediate grades of
bleaching clay, from partly leached bentonite having little bleaching
power when raw to true fuller’s earth, which is naturally active and
not subject to further activation by acid leaching. This being so, it
might be expected, from the theory proposed here, that thick deposits
would commonly grade downward from naturally active clays through
less naturally active material into inactive but activable clays at the
base—that part subjected to the least natural leaching. This varia-
tion in activability is characteristic of certain Georgia deposits.
Samples from a 30-foot deposit of clay in the Twiggs clay member of
the Barnwell formation, 2% miles south of Dry Branch, in Twiggs
County (see p. 265), yielded the following bleach ratings (for explana-
tion of symbols used, see p. 14):
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Raw ' Acid-treated

Sample
G Y R B G Y R B
0.6 0.8 0.9 1.0 0. 9‘ 1.3 1.4 1.6
No bleach 1.0 1.4 1.5 17
No bleach 1.1 1.8 1.9 2.0

The upper part of this bed has been so thoroughly leached as to be
fairly active in the natural state and is only slightly improved by acid
leaching, whereas the middle and lower parts are nonactive until
treated with acid. The base (which presumably has been leached
least) is the most activable. In outward appearance, however, this
bed appears to be essentially uniform from top to bottom.

Some deposits, which probably have been subjected to thorough
leaching by natural causes, have gone completely over to the naturally
active type. This is exemplified by the occurrence at Attapulgus,
Ga., where the clay is not affected by acid leaching and has the same
bleaching power both before and after acid treatment. Other beds
have apparently been leached to a point where the materials are
natural bleaching agents of fairly high grade and still yield a high
bleach rating after partial acid leaching—for example, the clay of
Vicksburg age in Jackson County, Fla. Still others, such as the
Vicksburg bentonite of Mississippi, are inactive in the natural state
but highly active after partial acid leaching.

Thus, in the Southeastern States we find all intermediate types of
bleaching clay, grading from those that are not naturally active but
highly activable, on the one hand, to those that are naturally active
but not activable, on the other. The evidence seems to indicate that
the active and activable clays have had a common source and that
in certain deposits the active clays have been derived from the activ-
able clays by a process of natural leaching.

GENERAL CHARACTER

The bleaching clays are usually very fine grained, but in many
deposits they carry an admixture of sand particles and mica. The
bentonite in the Vicksburg group in Smith County, Miss., is remark-
ably free from grit, whereas that from the same group in Wayne
County, Miss., is decidedly sandy. The colors are usually light,
ranging from white to pale green, but may be pink, tan, brown, gray,
dark green, blue, or even black. Freshly opened exposures ordinarily
exhibit a waxy or soapy texture and translucence and may be cut into
thin shavings, like soap. Many varieties are hard and brittle when
dry, but some are soft and crumble or are even plastic. Certain
types exhibit conchoidal fracture; others show platy, hackly, or no

. distinctive fracture. Jointing is common in most beds. Bentonites

)
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-of the Wyoming type have a strong affinity for water and will absorb
3 times their weight or as much as 10 times their volume of water,
with a consequent increase in volume (10 or more times the original.)”
"This “‘swelling”” property is not characteristic of many of the so-called
“bentonites” of other regions. The swelling bentonites are in general
less activable than the nonswelling types. The activable clays com-
monly slake in water, but most active clays do not.
Nutting * writes: .

Most bentonites (bentonitic clays) are readily changed to fuller’s earth in the
laboratory by simply treating the ground material (150-mesh) with dilute (1 per-
-cent or less) HCI, H,SO,, or organic acids; some by alternately drying and moisten-
ing with water alone.

After room-drying, lumps of bentonite slake readily in water; lumps of fuller’s
-earth do not, or at most crack into large chips. The activable southern bentonites,
-on slaking to mud, leave unslaked granules from the size of a pinhead down,
-easily removed and washed on a 100-mesh sieve. These granules are character-
istic of each individual bentonite deposit and are useful for identification. The
northern bentonites (Wyoming) swell and gel on slaking and do not contain such
:granules; no activable bentonite fails to show them. If the granules are ground
up, treated, and tested, they commonly show the same bleaching power as the
fines; in a few cases they activate to a higher power, never to a lower. The
slaked fines of an old room-dried sample sometimes are quite inactivable.

Samples of fuller’s earth, on room drying, change very little in bleaching power,
wusually improving slightly with the dehydration, but bentonites deteriorate
rapidly both before and after acid treatment, so that samples room-dried for 2 to
6 months are useless for testing. The bleaching power of even fuller’s earth
-drops to about half its initial value on heating to 160° C. for 2 weeks in air (oxida-
tion). Fresh clay keeps well over water in an air-tight desiccator. * * * The
-open bonds left by partial dehydration are apparently not very stable and form
mnew associations.

GEOLOGIC DISTRIBUTION IN THE SOUTHERN STATES

At different times in the geologic past volcanic ash has been dis-
tributed over wide areas, and it is believed that under favorable
conditions finely divided ashy materials have been transported several
hundred miles from the points of ejection before coming to rest. This
is shown by the wide distribution of the Ordovician bentonite, which
is known to extend from Birmingham, Ala., northward to the Georgian
Bay region, a distance of about 900 miles, and an approximately
equal distance east and west.?? The linear distribution of the Vicks-
burg bentonite in the Southeastern States is nearly 300 miles.

If it is granted that the major deposits of bleaching clay (both active
and activable) in the Southeastern States have been derived directly
or indirectly from volcanic ash, it follows that there have been at

¥ Davis, C. W., and Vacher, H. C., Bentonite, its properties, mining, preparation, and utilization: U. 8.
‘Bur. Mines Tech. Paper 438, p. 9, 1928.
2% Nutting, P. G., Technical basis of bleaching-clay industry: Am. Assoc. Petroleum Geologists Bull.,

wol. 19, no. 17, pp. 1043-1052, July 1935,
» Ross, C. 8., personal communication.
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least eleven epochs during which volcanic ash was deposited in differ-
ent parts of that area. These epochs were probably as follows:

Cenozoic:
Miocene:

Hawthorn formatlon Thick deposits of fuller’s earth in Florida and

Georgia.
Oligocene:

Vicksburg group: Bentonite in Mississippi and bentomtxc clays in Flor~

ida, Georgia, and Alabama (?). .
Eocene:

Jackson formation: Probable ash falls shown by two thick beds of bleach-
ing clay which are separated by 50 to 75 feet of sand in the Ocala
limestone, of Jackson age, in Georgia; bentonite (?) and bentonitic (?)

" clay in the Jackson formation of Mississippi; bentonitic (?) clay in the
Jackson formation of Alabama,

Lisbon formation: Bentonitic (?) clays in Clarke and Choctaw Counties,
Ala.

Porters Creek clay (Sucarnoochee clay in Ala.): Bleaching properties
vary considerably over wide areas—southern Illinois, southeastern
Missouri, western Kentucky, western Tennessee, Mississippi, and Ala-
bama. It probably represents a time during which ash was deposited.

Mesozoic: ’
Upper Cretaceous:

Eutaw formation: Three beds of bentonite, one in each of the three
members of the formation, in northeastern Mississippi. The Upper
Cretaceous Taylor marl and Navarro formation of Texas contain ben-
tonitic beds which may correspond with some of those in the Eutaw
just mentioned.

Paleozoic:
Ordovician:

Chickamauga limestone: Two ash falls gwmg rise to two beds of ben-
tonite, which are separated by heavy beds of limestone. Present in
Chickamauga limestone of northwestern Georgia and northern

_ Alabama and in contemporaneous beds in Kentucky and elsewhere.

RELATION TO VOLCANIC ACTIVITY

Voleanic activity during the Ordovician period is well established
in Tennessee, Kentucky, Alabama, and Georgia.®® Nelson * has sug-
gested that the center of activity was located at some point bebween
Fayette and Elliot Counties, Ky.

Much evidence has been given favoring widespread Volcanlo act1v1ty
in the Southern States during Upper Cretaceous time. Volcanic

3 Nelson, W. A., Volcanic-ash beds in the Ordovician of Tennessee, Kentucky, and Alabama: Geol, Soc.
America Bull., vol. 33, pp. 605-615, 1922. Butts, Charles, The Paleozoic rocks, in Geology of Alabama:
Alabama Geol. Survey Special Rept. 14, pp.-113-114, 131-133, 1926; U. S. Geol. Survey Geol. Atlas, Bessemer-

Vandiver folio (no. 221), pp. 7, 16, 1027. Ross, C. 8., Miser, H. D., and Stephenson, L. W., Water-laid

volcanic rocks of early Upper Cretaceous age in southwestern Arkansas, southeastern Oklahoma, and

northeastern Texas: U. S. Geol. Survey Prof. Paper 164, p. 193, 1928. Kay, G. M., Distribution of Ordo-

vician altered volcanic materials and rélated elays: Geol. Soc. America Bull., vol. 46, no. 2, pp. 225-244, 1935.
81 Nelson, W. A., op. cit., p. 610.
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materials occur in Arkansas,®* Oklahoma,® Louisiana,* Texas,®® Mis-
sissippi,® and Alabama.”” Ross, Miser, and Stephenson *® have
described volcanic vents of Cretaceous age in Arkansas, Oklahoma,
and Texas, and there are probably others that have been concealed
by younger formations. It appears that during Cretaceous time
there was an arc of volcanic activity paralleling the shore line of the
Gulf of Mexico.

Evidence of volcanic activity during Tertiary time has been reported
from Alabama,* Louisiana,* Texas,* and Arkansas.*

The discovery of volcanic tuff and agglomerate 65 to 90 miles south
of San Antonio, McMullen County, Tex., led Bailey # to think that
a volcano had been active at no great distance from that locality during
the Oligocene epoch. An active volcanic vent in such a location
might well have contributed ash to certain of the Southeastern States.
during middle and late Tertiary time.

Little is known of the locations of the Tertiary volcanoes that gave
rise to the several ash falls of that time. It is possible that some of
‘the volcanic vents that bordered the Gulf of Mexico during Cretaceous.
time again became active during the Tertiary and supplied thick beds.
of ash to the surrounding country.

LABORATORY PROCEDURE

The method of testing bleaching clays in the U. S. Geological Sur-
vey laboratory has been dev1sed by P. G. Nutting, who contributes. -
the following account.

The various methods used in testing clays in different testing laboratories are:
all simple, but rating them by any fixed general standards seems almost impossible..
Each laboratory chooses its own test method, test oil, and reference standard clay.
The reference clay changes with age, and neither it nor the test oil can be exactly
duplicated. A common method is to mix 2, 4, 8, 16, and 32 percent by weight of
prepared clay with the test oil (100 cubic centimeters), heat to a given temperature
(100° to 200° C.) for a given time (20 to 40 minutes) with constant stirring, filter

# Ross, C. 8., Miser, H. D., and Stephenson, L. W., op. cit., pp. 194-196.

3 Idem, pp. 188-189.

3 Bramlette, M. N., Bentonite in the Upper Cretaceous of Louisiana: Am. Assoc. Petroleum Geolo-
gists Bull., vol. 8, pp. 342-344, 1924.

¥ Ross, C S., Miser, H. D., and Stephenson, L. W, op. ¢it., pp. 196-200. Lonsdale, J. T Igneous rocks:
of the Ba]cones fault region of Texas: Texas Univ. Bul] 2744, 1927.

# Grim, R. E., Bentonite in Mississippi: Mississippi Geol. Survey Bull. 22, 1928. Morse, H. McD.,
Supplementary report on bentonite in Mississippi: Mississippi Geol. Survey Bull. 22-A, 1934.

¥ Stephenson, L. W., The Mesozoic rocks, in Geology of Alabama: Alabama Geol. Survey Special Rept..
14, p.236, 1926.

# Ross, C. 8., Miser, H. D., and Stephenson, L. W, op. mt; PD. 189—191

¥ Jdem, p. 193.

4 Hanna, M. A., An interesting volcanic ash from Calcasieu Parish, La.: Am. Assoc. Petroleum Geolo~
gists Bull., vol. 10, pp. 93-95, 1926.

4a Balley, T. L., Extensive volcanic activity in the middle Tertiary of the south Texas Coastal Plain:
8cience, new ser., voI 59, pp. 299-300, 1934. Dumble, E. T., A revision of the Texas Tertiary section with
reference to oil-well geology of the coast region: Am. Assoc. Petroleum Geologists Bull., vol. 8, pp. 224-244,.
1924,

42 Crider, A. F., Volcanic ash in northern Louisiana: Am. Assoc. Petroleum Geologists Bull., vol. 8, ppt
524-525, 1924.

4 Bailey, T. L., op. cit., p. 209.
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out the clay, and compare the color of the filtered oil with a set of Tagliabue color
standards. But stirring is imperfect, oxidation darkens the oil during treatment,
and various uncertainties arise. In the Geological Survey laboratory a percola-
tion method is much preferred and a cold crude test oil, (the conventional test
being used only for cotton and linseed oils), because of the details of behavior
which it reveals.

According to Geological Survey practice the raw clay to be tested is room-dried,
ground, and put through a 150-mesh sieve, then put in an oven at 160° C. for
an hour. The 150-mesh size (0.1 mm) is fine enough to permit all the clay to
bleach, but coarse enough to permit a percolation test to run in about. an hour.
A temperature of 160° C. is found to be proper to remove moisture (capillary,
adsorbed, and osmotic water) from this class of clays without disturbing the in-
ternal structure or closing any open bonds. The test of the acid-leached clay is
similar except that the 150-mesh clay is cooked for 2 hours in 20 percent HC]
or HyS0,, then thoroughly washed, dried, and resifted. The amount of dilute acid
used is 100 cubic centimeters to about 3 grams of clay. The time and tempera-
ture of cooking, acid concentratlon, and ratio of acid to clay are all important
factors.

The clay thus prepared is placed in a 6-inch length of vertical %-inch tubing
closed at the bottom by a porous disk of blotting paper.# It is then wet with
gasoline, stirred thoroughly, and allowed to drain. This treatment avoids chan-
neling, which is likely to occur if the test oil is poured on the dry clay. Next,
the black test oil is introduced, slowly at first to avoid disturbing the clay. It
comes through water-white at first, then green, yellow, red, and finally black
again, as bleaching action ceases. The volume of oil bleached to one of the colors
mentioned compared with the volume of clay used gives a ratio for the selected
specimen, which represents its bleach rating for the stated color. The bleach
ratings given in the tables used in this report comprise groups of ratios of this
gort, the colors being indicated by the initials G, Y, R, and B. Allowance is made
(0.4-0.6) for the gasoline left in the voids of the clay. '

To find the maximum bleaching power of a clay, it is necessary to obtain at
least six sets of points on the curves of bleaching power plotted against amount
of material removed by the acid.#® Six 3-gram samples of the 150-mesh raw clays
are weighed out and cooked for periods ranging from half an hour to 4 hours in a
5 to 40 percent acid, washed, dried, and weighed again, resifted, oven-dried at
160°, and then given the oil test and the results plotted. In the tables used in this
report the bleach ratios given for any clay tested are those for the raw sample
and the treated sample that give the highest bleach.

The test oil used in the. Geological Survey laboratory is a black Kettleman
crude oil of 40.1° gravity, diluted with an equal amount of gasoline. This gives
Floridin fuller’s earth a rating of 1.0 for water-white bleach and gives the test
treated clays nearly an equal amount of green, yellow, and red. The topped and
-dewaxed residues of Pennsylvania oils give far too much red. Crudes containing
more than 0.5 percent of silphur sare unsuited for test oil. Solutions of dyes in
benzine have been used for testing clays, but these differ widely from oil in be-
havior. All the tests given in this report were made with test oil from a large stock
-on hand and are strictly comparable with one another.

Room drying has little effect on the bleaching power of a fuller s earth except
to improve it slightly, but most room-dried bentonites deteriorate rapidly—as
much as 30 percent in a month—in both activability (raw) and in bleaching power
after acid treatment. An old sample is worthless for test. All the tests here
reported were made on samples fresh from the ground,

44 Nutting, P. G., Bleaching clays: Oil and Gas Jour., Nov. 16, 1933.
4 Nutting, P. G., Bleaching clays: Oil and Gas Jour., Jan. 26, 1933.
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To illustrate the test data and their significance, those relating to a few typical
clays are given below. The “oil bleach raw” and “acid-treated’’ have been ex-
plained above. Under ‘“Acid-soluble” are given the relative amounts of Fe, Al,
and Ca leached out by the acid from the clay “treated,” with the percentage of
the weight of the clay removed during leaching to produce maximum bleaching;
power. The maximum acid leach is usually about 40 percent. For most bentonites.
soluble Fe : Al: Ca=5:4:1.

According  to the laboratory practice of the Geological Survey the lowest.
limits of bleach permissible for clays that may be considered 6f commercial grade

are as follows:
Green Yellow Red Black

Naturally active clay (raw)__ ... ____..._ 0.7 0.9 1.0 1.2
Activable clay (acid treated) ... . . ____._.. 1. 4 2.0 2.4 2.9

[It should be noted, however, that economic conditions in a given area, such as.
favorable location with respect to markets, cheap transportation, and company
ownership, strongly influence commercial standards in that area. Thus a high-
grade deposit unfavorably situated may not be commercial, whereas a low-grade
deposit, perhaps even of lower grade than that indicated above as the lowest.
permissible, may be commercial if favorably situated.]

Tests of representative bleaching clays

0il bleach raw Acid-treated Acid-soluble

- oft

G Y R B G Y R B Fe | Al | Ca | (per-

cent)
1 117 1.2( 14) 1.6} 09| L1 L2| L4 5| 4 1 200
2 1.0 1.2 L3 15 1.1 1.6 L9/ 2.2 5 3 2 20-
3 1.3 L8| 1L9)] 20| 1.7 26| 3.4] 4.0 9 1 0 25
4 .6 7 .8 .9 1.3 27| 3.1 3.6 5 4 1 29
5 .2 .3 .3 .31 211 30| 3.6 42 5 4 1 30:
[] .7 .9 L0 11 .91 L3 1.4 15 6 4 { Tr. 25
7 1L.2{ 13 1.3 1L3] 20| 37| 39| 4.1 5 4 1 26
8 T4 .5 Wb .51 1.0 13 1.5 1.7 5 4 1 19
9 .3 .4 .4 4 L4] 20| 26| 2.9 5 4 1 28
10 9] L2 1.3 L4 16} 24| 3.2]| 3.7 5 4 1 201

1. Selected Floridin fuller’s earth from area north of Quincy, Fla. Average production is somewhat lower
in bleach—about 1.0 to 1.3 raw, and 0.7 to 1.0 acid-leached. Attapulgus clay tests the same. Note that the-
bleach is lowered by acid treatment.

2. Creede, Colo.: Fuller’s earth as produced by the Peerless Co. The bleaching power of this clay is.
raised by acid ]eachmg but not sufficiently to pay the added cost.

3. F87, an extreme type recently discovered near Marianna, Fla. A first-class fuller’s earth and activable:
bentonite as well. The high iron is noteworthy.

4. Sanders, Ariz.: The white bentonite mmed by the Filtrol Co. in northeastern Arizona and treated in.

Los Angeles.
5. Laurel, Smith County, Miss.: Vicksburg bentonite with low bleach raw and the highest known after

proper acid Yleach.

6. Porters Creek: Average sample showing the typical behavior of a bentonite mixed with inert sedi--
mentary clay. About thelower commercial limit in bleaching power for fuller’s earth.

7. English imported fuller’s earth: The yellow bleach of the treated sample is the highest known, but the-
red separation is poor (stale sample).

8. Wyoming swelling bentonite: Useless as a bleach clay.

9. Booneville, Miss.: Cretaceous (Eutaw) bentonite. Taken as the lower limit (in bleaching power) of’

commercial interest.
10. Ky. Ord.: Thelower Ordovician bed at High Bridge, Ky. Note similarity to younger bentonites.

CERAMIC CLAY
TYPES AND GEOLOGIC RELATIONS OF DEPOSITS
The deposits of ceramic clay that are described in this report are
included in or associated with rocks that range in age from early
Paleozoic to Pliocene. If classified according to origin, the deposits
fall into two groups—clays that form an integral and original part of
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the geologic formation with which they are associated and clays that
have accumulated later by the disintegration or weathering of deposits
not originally clay. It therefore does not necessarily follow that all
the clay deposits are of the same age as the formations to which they
are assigned. Some of them may even be of Recent origin.

The oldest rocks with which this report deals are the dolomites
(magnesian limestones) of Cambrian or Ordovician age. In Talladega
and De Kalb Counties, Ala., these dolomites contain pockets of
residual clay that lie at or near the surface and may still be in the
process of accumulating.

Deposits of ceramic clay are interbedded with the Fort Payne
chert, of Mississippian (late Paleozoic) age, in De Kalb County, Ala.
‘Other deposits of ceramic clay mark a post-Paleozoic land surface that
underlies the Tuscaloosa formation (basal Upper Cretaceous) of
Marion County, Ala., and are regarded by Bramlette (p. 209) as
residual from underlymg formations of Pennsylvanian age (late
Paleozoic).

The Tuscaloosa formation, at the base of the Mesozoic of the
Southeastern States, includes valuable deposits of sedimentary kaolin
and other ceramic clays that are now being worked in Georgia and
South Carolina.

The Cenozoic formations contain clay deposits at many different
horizons. Eocene, Oligocene, Miocene, and Pliocene clays were
examined in preparation for this report. Among the Eocene forma-
tions that contain ceramic clay may be mentioned the Wills Point
formation (of upper Midway age), the Indio formation (of Wilcox
age), and the Carrizo sand and Yegua formation (of Claiborne age) of
Texas and the Holly Springs sand (of Wilcox age) of Tennessee.

The widely distributed Pliocene Citronelle formation contains
{enses of white sedimentary kaolin.

LABORATORY TESTS

The samples of ceramic clay collected for testing in Kentucky,
Tennessee, and Alabama were tested in the laboratories of the School
of Chemistry, Metallurgy, and Ceramics of the University of Alabama
under the direction of Prof. T. N. McVay. He has kindly supplied
the following outline of procedure, which conforms, in general, with
methods adopted as standard or tentative standard by thé American
Ceramic Society.*

- The South Carolina samples were tested at the ceramic laboratory

of the Georgia School of Technology under the, direction of Dr. A. V.
Henry, and those from Texas in the Bureau of Industrial Chem-
istry of the University of Texas under the direction of Dr. E. P.

Schoch. The methods employed were similar to those clted for
Alabama and need not be given here in detail.

6 The standards report for the American Ceramic Soclety Ceramic Soc., Jour., vol. 11, no. 8, June 1928,
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Screen tests.—Screen tests were made by washing samples of ground
clay through Tyler standard screens of 115-, 150-, and 200-mesh.
Washing was continued until no particles of clay substance could be
seen on the screens. The sieves were then dried at 110° C., and, after
shal\mg, the residues on each screen were Welghed and the percentage
of oversize calculated. o

Modulus of rupture.—Tests to determine the modulus of rupture

" were made only on those samples that showed some promise of having
bonding properties. The clay was ground to pass a 10-mesh sieve,
and a sample was dried at 110° C. in order to obtain the moisture
content. The clay (corrected for moisture content) was mixed with
150-mesh potter’s flint, thoroughly blunged with water in a bucket,
screened through a 115-mesh screen and placed in cloth-covered plaster
of paris bats to dry to the proper working consistency. Aftér the
correct water content was obtained as noted by the satisfactory
working properties, the clay was thoroughly wedged and stored in
damp jars for 24 hours. A piece of the plastic body was then cut
from the lump, placed in the mold, and firmly pressed into shape.
Excess clay was struck off with a spatula. The molds were 7 inches
in length and 1 square inch in cross section. The bars were dried
according to the standard procedure.

The bars were broken by allowing a stream of water to flow into a
bucket which was fastened to a stirrup fitted over the test piece.
All bearing surfaces had a radius of a quarter of an inch. After
failure occurred the bucket, stirrup, and water were weighed. With
a.few clays that had a very high breaking strength it was necessary
to weight the bucket with several bricks before the stream of water
was allowed to flow into it. The dimensions of the test pieces were
taken at the point of failure, and the modulus of rupture was computed
3 Wi .

2bd?’

the distance between supports in inches (in these tests, 5 inches), b

the breadth of the bar in inches, and d the depth of the bar in inches.

In order to have comparative results, similar tests were made of two

well-known ball clays. These were Kentucky Old Mine ball clay
no. 4, which had a modulus of rupture of 332 pounds to the square
inch, and Special Tennessee ball clay no. 1, which had a modulus of
rupture of 155 pounds to the square inch. Potter’s flint was used
instead of standard sand, because it is the usual practice to use potter’s
flint with ball clays in order to make ceramic bodies. Standard sand
with round grains is never used in commercial ceramic mixes.

Water of plasticity, shrinkage water, and pore water.—The percentage

—D X100, in

from the formula in Wh.ich' W is equal to the load in pounds, !

" of water of plasticity was determined by the formula P

which P equals the weight of the test bars in the plastic state and D
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equals the weight of the bars dried at 110° C. The shrinkage water
is the water lost during the shrinkage of the clay in drying and-is equal

Vp Vd

D

test bar and Vd is equal to the volume of the bar after drying. The
percentage of pore water can be determined from the following for-
mula: Percentage of water of plasticity=percentage of shrinkage
Water+percentage of pore water.

Forming of clay bars.—The clay used for the drying and ﬁrmg tests
was ground, wedged with the addition of the proper amount of water
(this is best determined by practice), stored in damp jars for 24
hours, and then molded in iron molds 6 inches in length and 1 square
inch in cross section. These bars were then cut in half, the corners
smoothed with the fingers, the plastic volumes of some of them were
determined, and all of them were dried at room temperature. All
volumes were determined by the suspended weight method using
kerosene as the liquid. This method has been found to be more
accurate than the usual method using over-flow volumeters.

Firing—The bars were fired in a gas-fired test klln at the rates
prescribed by standard practice.?

The range of cones used shall cover the firing range of the clay, which must
be judged by the operator. Generally, the cones to be placed in the kiln are
014 to 3 for impure, common brick clays, 012} to 5 for shales and the better
types of ferruginous clay, and 02 to 15 for clays of the fireclay type. Oxidizing
conditions must be maintained during firing.

The heating shall preferably be at the rate of 45° C. per hour from the start
of firing until a heat.treatment is-reached,-corresponding to the-softening point
of the third consecutive cone below that at which the first trial is to be drawn ;
and 20° C. per hour from that point until the-end of firing. In no case shall
the rate of heating be greater than 60° C. per hour or less than 30° C. per hour
for the first period, or greater than 25° C. per hour or less than 15° C. per hour
for the last period.

X100, in which Vp is equal to the volume of the plastic

The end points of pyrometric cones (heated in air) at a rate of 20° C.
per hour are as follows:

Cone Temperature (° C.) | Cone Temperature (° C.)
06 - oo 1,005 | 6o 1, 190
05 oo 1,080 | 7o cecaeee 1, 210
1 1,050 | 8o 1, 225
08 . 1,080 9o meaaaas 1, 250
02 o 1,095 (10 oo oo 1, 260
L B I I 0 I 1 U 1, 285
U 1,125 |12 oo 1, 310
U 1,185 | 180 1, 350
B el 1,145 | 140 e 1, 390
F 1,165 | 150 o e 1,410
B e emeeeemman 1,180

" 4 Idem, p. 455.
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Draw trials were made at the different cones, since -there were not
enough samples to warrant an individual firing for each cone tem-
perature. . ‘ -

Fusion point—Fusion points (pyrometric cone equivalent, or
P. C. E.)*® were determined in a standard furnace which was devel-
oped by the Mellon Institute, Pittsburgh, Pa., using natural gas as
the fuel. The temperatures corresponding to such P. C. E. are as

follows:

Cone End point (° C.) | Cone End point (° C.)
26 e ecmee—ema 1,595 82 e 1, 700
D2y 1,605]32%. oo (approximately) 1, 722
D S mmm——————— 1,615 (33 e e 1,745
29 e ——ana 1,640 (84 . oo eeem e 1,760
80 e 1,650 {85 e cma———— 1, 785
3 1,680 (36 eaaa 1, 810

SUMMARY OF RESULTS
BLEACHING CLAYS

The clay of the Porters Creek formation (Sucarnoochee in Ala-
bama), of Eocene age, is mined commercially at Olmstead, Ill., and
used for bleaching petroleum oils. This formation extends southward
and southeastward through western Kentucky and Tennessee into
northeastern Mississippi and northwestern Alabama. Its outcrop
through these States was studied, sampled, and tested, with the result
that in Kentucky and Tennessee three general areas were found (one
in Kentucky and two in Tennessee) in which material of quality
generally comparable to that mined in Illinois is present in consid-
erable abundance. It is fuller’s earth of generally poorer quality
than that of Georgia or Florida. Its utilization will depend on its
relative cheapness and its proximity to markets or centers of con-
sumption. The Tennessee and Kentucky material is not very favor-
ably located in this respect. The extensions of the Porters Creek
formation into Mississippi and Alabama contain poorer material than
the deposits in Tennessee and Kentucky and are more remote from
markets. _

In Mississippi bleaching clay of the activable type is found in the
Eutaw formation, of Upper Cretaceous age, which crops out in the
northeastern part of the State- and has been mined at Booneville,
in Prentiss County. Other deposits of activable clay occur in the
Jackson formation, of Kocene age, and in the Vicksburg group, of
Oligocene age. These formations crop out in belts extending ap-
proximately from northwest to southeast across the southern part of
the State. In general, the clays of Jackson age are of poorer quality
than those of the Vicksburg group. The best material found in Mis-
sissippi and, in fact, throughout all areas investigated is that of
Vicksburg age at certain localities in Smith County, Miss.

% Am. Soc. Testing Materials, Standards on refractory materials, February, 1934, p. 54.
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The clays of Eutaw, Jackson, and Vicksburg age extend eastward
into Alabama, but the results of their investigation in that State
were disappointing. Some clays found would justify further investi-
gation, though none of these were of exceptional quality. The best
material was clay of Eutaw age in a locality northeast of Mont-
gomery, in Montgomery County, but unfortunately the available
supply is too small to be of commercial interest.

The fuller’s earth mined in Decatur County, Ga., comes from the
Hawthorn formation, of Miocene age, is a leadlng world source of
supply, and occurs in great abundance. That produced in Twiggs
and Wilkinson Counties comes from the Barnwell formation, of
Eocene age. Some of this is activable as well as naturally active,
but most of the activable material from this source is not sufficiently
s0 to be of commercial interest. Bentonites of Ordovician age are
present in four counties in the northwestern part of Georgia but are
of inferior quality, difficultly minable, and therefore not of commer-
cial interest. Some activable clays in the Flint River formation
~ (Oligocene) in Crisp, Dougherty, Dooly, Macon, Sumter, and possibly
other counties approach commercial requirements and deserve further
study. The Hawthorn formation, besides yielding so much fuller’s
earth, contains activable clays of high quality. Those of Brooks and
Colquitt Counties deserve further study.

Investigations in South Carolina failed to reveal any extensive
deposits of high-grade bleaching clay.

Florida, like Georgia, contains extensive deposits of fuller’s earth
which are being exploited on a considerable scale. It was formerly the
leading producing State. The fuller’s earth is of Hawthorn (Miocene)
age and occurs in Alachua, Gadsden, Jackson, Jefferson, and Marion
Counties. High-grade activable clays, hitherto unrecognized, were
found apparently in considerable quantities in Holmes, Jackson,
Washington, Leon, and Jefferson Counties. Some of these were of
Vicksburg (Oligocene) age and some of Hawthorn age. This dis-
covery was one of the high points of the investigation and promises to
be of considerable commercial importance to the State.

In Texas bleaching clays are present in the Taylor marl (Upper
Cretaceous) in Bexar County, the Jackson formation (Eocene) in
Grimes, Burleson, Fayette, Gonzales, and Karnes Counties, and the
Catahoula formation (Miocene) in Walker County. Minor occur-
rences have been noted in the Anacacho and Navarro formations (Upper
Cretaceous) and in the Midway and Wilcox (Eocene) of Bexar County
and the Carrizo (Eocene) of Atascosa County. Production from the
Taylor formation in Bexar County has ceased, but production is now -
in progress from the Jackson formation in Burleson, Fayette, and Gon-
zales Counties and from the Catahoula formation in Walker County.
These clays have generally lower bleaching power than those in the
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States above mentioned. Lower quality, however, is offset at least
in part by proximity to market and correspondingly lower freight:
rates.

CERAMIC CLAYS‘

South Carolina kaolin was apparently first used in pottery, plates,
bricks, pipes, insulators, etc.  Later it was widely used for paper
filler. More recently it has become the basis of a growing business in
connection with the rubber industry. The present investigation was
concerned chiefly with sedimentary kaolins of the Tuscaloosa forma-
tion (Upper Cretaceous) and with some residual clays of the Piedmont.
area. The clays of the Tuscaloosa, which are lenticular, are thicker
and of better quality in the western part of the State, and the investi-
gation was largely confined to that region, especially Aiken County.
Some 56 prospecting tests were made, of which half penetrated 5 feet
or more of clay, 7 being made in active or abandoned clay pits. Much
of the clay exposed by these tests was more or less colored and gritty.
At least two gave promise of use in the rubber industry. Of 31 sam-~
ples collected for ceramic tests from pits and outcrops, 8 gave promise:
of satisfactory use in white-ware industries, and 9 more yielded fair
ratings.

In Texas the ceramic-clay investigations were confined to two
areas—a group of counties surrounding San Antonio, and Morris.
County, in northeastern Texas. No deposits of clay of unusually high
quality or of special properties were revealed, but information was
obtained on the extent of clays suitable for the manufacture of brick,.
tile, and low-grade pottery. Of the many samples collected 16 from
14 localities in the San Antonio area, were completely tested for their
ceramic properties, and 7 of these proved suitable for low-grade pottery:
the rest only for brick or admixture with other clays. No clays are
now produced in Morris County, but 6 samples were selected for test-
ing, 2 of which came from the adjacent Titus County. The results
of the testing showed the clay to be useful chiefly for common brick,
but two of the samples indicated that the material represented could
probably be used for cheap pottery.

In Kentucky no work was done on ceramic clays, because of the
‘thickness and character of the overburden and the difficulty of obtain-~
ing samples by the methods available.

In Tennessee clay lenses in the Holly Springs sand (Eocene) were
investigated for ball clays at favorable localities in Hardeman and
Carroll Counties. The clay outcrops tested were only small parts of
the deposits represented, but these deposits were not more thoroughly
tested because most of the results obtained did not appear of sufficient
promise to justify additional work. Some of the clay deposits,
though not first-grade ball clays, are of value for particular uses and
will perhaps be worth development. The results do not disprove the
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presence of large reserves of good ball clays, for the numerous ball
clays already found underneath the cover of gravel and sand make it
seem very probable that large deposits yet remain undiscovered.
However, the lenticular and sporadic occurrence of the clay in an
otherwise sandy formation and the prevalence of considerable cover
tend to discourage exploration until industrial needs become more
acute. A

In Alabama ceramic clays occur in wide variety. Most of the occur-
rences were examined, and those of greatest promise were prospected,
sampled, and tested. In Marion County discontinuous and lenticular
bodies of kaolin occur at the Pennsylvanian and Upper Cretaceous
contact. The clays include refractory fine-grained material suitable
for use as an ingredient in white-ware bodies and refractory brick,
together with deposits of more plastic material of possible value as
plastic fire clays and pottery clays. In Mobile and Baldwin Counties
numerous clay beds suitable for brick clay are exposed. Some Plio-
cene clays are white sandy sedimentary kaolin, which after washing
should be useful as an ingredient of white-ware bodies. In Bibb and
Talladega Counties the clays examined include both sedimentary
plastic and residual types. The plastic fire clays are in the lower part
of the Upper Cretaceous. The residual clays are locally developed on
Cambrian and Ordovician dolomites. Both types are pockety, and
intensive prospecting would be necessary to develop large tonnages.
In De Kalb County residual clays have been extensively worked in
the past. The two main modes of occurrence are as residual pockets
in the Cambrian and Ordovician dolomites and as seams interbedded
with chert of Mississippian age. '
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Cuarrer 2—THE SEDIMENTARY KAOLINITIC CLAYS OF
SOUTH CAROLINA

By WarLter B. Lane
HISTORICAL SKETCH

The kaolins of South Carolina were recognized before the now famous
English china clays were known. Natural outcrops of kaolin upon the
hillsides and in the ravines must have attracted the attention and
excited the curiosity of the earliest pioneers who explored westward
across the South Atlantic States. South Carolina kaolin was appar-
ently first used to make pottery. An old pottery works stood upon a
ridge 1% miles south of Bath, in the Horse Creek, Valley, Aiken County.
Here were molded and fired all manner of crockery and plates, bricks,
pipes, and telegraph insulators. This plant was destroyed during
Sherman’s march to the sea, and material interest in ceramics in South
Carolina apparently passed out withit. After a brief lull following the
war between the States, the McNamee mine was opened up not more
than a mile from the old pottery works. The remarkable purity and
whiteness of these clays obtained for them a ready market in paper
manufacture. South Carolina thus acquired an enviable reputation
for the production of fine clays for paper and for filler in different
products. For many years paper manufacturers in the North con-
tinued to be the main consumers of South Carolina kaolin until,
hardly more than a decade ago, it entered the rubber industry as a
substitute for more expensive chemical fillers. The production of
South Carolina kaolin for this purpose has steadily grown in late years,
and now kaolin for use in rubber manufacture bids fair to become the
State’s chief crude mineral export.

Notwithstanding their growing importance as fillers the kaolins from
the Tuscaloosa are not being generally used in the ceramic arts in local
enterprises, though a small quantity of firebrick is manufactured from
them in Columbia, S. C. This may be due to a lack of some quality
needful for ceramic purposes in competition with. other clays or to a
lack of consideration by ceramic manufacturers. The general distri-
bution of the Tuscaloosa formation in South Carolina is shown in

_plate 1. :
USE OF KAOLIN IN FIREBRICK

Columbia, S. C.—The R. M. Stork brick plant is 4 miles northeast
of Columbia, S. C., on a branch road south of U. S. Highway 1. Itisa
small plant consisting of a mixer, 2 molder, and two kilns. The clay is

66911—40——3 23
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obtained locally from small pits, is gritty and kaolinitic, and comes
from the lower part of the Tuscaloosa formation. It is used practi-
cally as mined.and made into standard-size bricks that burn white
with some speckling of brown. These are marketed as firebricks.

Augusta, Ga.—The Babcock & Wilcox Co. has a large modern brick
plant on the outskirts of Augusta to which additions are now being
made. The plant specializes in high-test firebricks made into all
sizes and shapes, of either the light aggregate or more massive type.
The clays are derived from the mine of the Albion Kaolin Co., on
Grindstone Branch, 1% miles west of Hephzibah, Ga., and on the
Georgia-Florida Railroad west of the area mapped in plate 2. The
bricks are made by first burning the shrinkage out of the clay at a
temperature well above 3,000° F. The resulting clinker or “grog’ is
then ground, molded into suitable form, and burned again into the

final product. By mixing the grog with sawdust before moldmg and
V reﬁrmg, a very light bnck is produced.

RUBBER CLAY
GENERAL PROPERTIES

The use of kaolin as a substitute for more expensive chemicals as &
filler for rubber was not introduced until about 1920. Since then
there has been a steady demand for and an increasing supply of kaolin
for the rubber trade. The finest rubber clays, derived from the Atlan- -
tic Coastal Plain deposits, come from the vicinity of Aiken, S. C.
They give to rubber greater tensile strength and resistance to wear.

These clays may be distinguished in the field from others not so suit-
able for rubber by certain physical qualities that become apparent
only after extended experience. Rubber clays are particularly
tough, though sectile when moist, and when dry they become crumbly
with an irregular satiny to hackly surface. In wet weather a fresh
mine face disintegrates readily The color is usually a sallow buff
and mottled where seen in the mine, and regardless of its superior
quality as a rubber clay it never possesses the pleasing appearance of
the fine paper clays. The better-quality clays bleach white and when
pulverized yield a very white powder. Buff clays containing purple.
staining finish white.

These clays occur in the top of the Tuscaloosa formation and are
exposed in Horse, Town, and Shaw Creek Valleys and beneath the
highlands between these creeks. (See pl. 2.) This band of high-
grade rubber clay is confined to western Aiken County. None of the
clays observed to the northeast are of the rubber type, and likewise
the Georgia clays, which excel in whiteness, lack the superior qualities
possessed by the South Carolinaclay for rubber.,
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LACKE OF STANDARD PROCEDURE FOR COMPARING RUBBER
: : CLAYS

It is unfortunate that no accepted standard test exists for rating the
relative value of rubber clays, more especially for field comparisons..
A letter received from the National Bureau of Standards in response to:
an inquiry concerning the evaluation of clays as rubber fillers contains.
an interesting statement of the present status of rubber tests:

This Bureau has set up no standard procedure for making comparative tests on:
fillers for use in rubber.

The methods now employed for such tests are, as you indicate, highly empirical..
Each manufacturer, in testing a new filler, incorporates it in a rubber compound of
the type or types in which he is interested. Many of the variations in test com-
pounds are without basic significance. Some of the variations, however, are due to
the fact that different manufacturers are concerned with different properties of
fillers and accordingly use different formulas or conditions of test to best evaluate
the characteristics sought. We think that it may be possible to employ not one
but a limited number of test compounds for determining the relative merits of fillers.

So far as we are aware, however, there has been no serious effort made either to
design any such standard test compounds or to promote their use by the trade.
We are of the opinion that before any such effort can succeed, it will be necessary
to have a broader and more fundamental knowledge of the mechanism of filler
action, so that the results from a few general tests can be applied to any specific
problem that may arise.

GEORGIA AND SOUTH CAROLINA RUBBER CLAYS COMPARED

A comparison of Georgia and South Carolina clays is given in the
following table. Through the courtesy of ‘W. J. Driver samples of
kaolin selected in the field were submitted to the New York laboratory
of the Huber Corporation for test. The Champion and Georgia
kaolins were selected from mines in the Buffalo Creek area of Washing-
ton County, Ga. The Paragon and Suprex samples came respectively
~ from the Alum pit and Graniteville mine of the Huber Corporation.
These clays were prepared and mixed with the ingredients of the tollow-

ing “test recipe’’: :
Parts by weight

Smoked sheet rubber_ . oo 50
Pale crepe rubber_ .. .___ -~ 50
SUIPhUT - e iiccmmecccaes 3
ZiNC OXIA€ - e c e c e e e 5
Stearic acid. oo oo e _._ 4
1079 41 7. o LSS 1
Clay (for test) - oo oo oo e m 52

165

Each mixture was thensubjected to a curing processata temperature
of 260° F. for periods of 20, 25, 30, 45, 60, and 90 minutes, providing
six time cures for each sample of clay. These samples were then
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subjected to mechanical test, the results of which are given in the
following table, for comparison:

Comparative results of tests on South Carolina and Georgia crude clays

Suprex

Tensile
strength at
break .| Elongation | Hardness
(pouinds to | (percént) (sHore)

.| Cure at | 400:percent.
260°:F. | modulus of
(minutes)| elasticity

the square

inch)
20 680 1,800 640 48
25 850 2,400 640 494
30 1,000 2,900 630 52+
45 1,200 3,400 630 56+
60 1, 340 3,760 623 58+
90 1,485 3,960 618 61

Paragon
20 500 1,640 655 46
25 700 2,200 640 49
30 825 2,740 640 51
45 1,080 3,280 630 55
60 1,190 3,360 625 58

90 1,225 3,280 612 60

Georgia kaolin

20 400 1,640 690 46+
25 525 2,180 678 48
30 730 2, 680 663 51
45 900 3,320 653 - 56
60 1,050 3, 480 640 58
90 1,200 © 3,320 610 60 ‘
Champion

20 500 1,740 670 46
25 680 2,040 650 49
30 775 2,520 642 50+
45 890 3,000 630 554
60 980 3,040 613 57+
80 1,160 . 3,040 580 60

The marked superiority of the Suprex clay is at once apparent
by comparing the relative results shown in the table. Despite the
greatly increased tensile strength and hardness imparted to the
rubber, the comparative elasticity is not impaired. The mechanical
tests for rubber show the Paragon clay to be similar in character to
the best grade of Georgia clays, an agreement borne out by a com-
parison of their physical appearances. '

A further comparison of different South Carolina clays of the Aiken
area having value for use in rubber is provided by the following table
compiled from information supplied by Fred Naegili, of the South-
eastern Clay Co.:
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Tests of rubber clays of Aiken County, S. C., 1934

Suprex

[Graniteville mine, Haber Corporation]

Cure at | 300 t ’{enSi{% :
ure a percen streng Elongation Set or
288° F. | modulus of | (pounds to !
(minutes)| elasticity | the square | (Percent) | hardness
inch)
10 567 3,873 667 38
20 713 4,243 647 47
30 790 4,207 623 54
40 940 3,703 590 55
50 1,000 3,285 530 51
Gunter No. 1
[Gunter pit, Southeastern Clay Co.]
10 . 607 3,920 663 41
20 750 4,140 633 51
30 827 3,983 607 58
40 893 3,700 580 63
50 1,027 3,510 555 57
Gunter No. 2
[Gunter pit, Southeastern Clay Co.]
10 603 3,960 680 41
20 757 4,375 655 53
30 850 4,107 613 59
40 913 3,805 575 59
50 1,013 3, 560 570 59
Piper
[Piper pit, Southeastern Clay Co.]
10 550 3,803 677 39
20 710 4,100 647 50
30 750 4,190 630 56
40 860 3,490 573 51
50 953 3, 580 565 56
Morris

[Morris pit, Southeastern Clay Co.]

10 617 3, 597 640 41
20 757 4,047 633 51
30 870 3,970 600 53
40 910 3,715 575 56
50 963 3,420 543 56

Though the compounds used for the test mixtures were not record-
ed,® and the temperature and periods of cure were not equivalent to
those employed in the previous determinations, the results are never-
theless sufficiently proportional to warrant comparative evaluation.
Thus it is evident that there are many beds of clay in the Aiken_area
of superior quality for use in rubber.

# For data on rubber compounds see Weigel, W, M., Georgia clays: Rubber Age, July 25, 1924.
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~ PAPER CLAYS
CHANGING CONDITIONS OF THE INDUSTRY

South Carolina undoubtedly once possessed the finest crude paper
clays in the country and for many years was the main source of supply
for the industry. The erosion of the Horse Creek Valley exposed
large bodies of white clay of exceptional purity that required little
effort to mine and no processing to supply the requirements of the
market. Of late years the Georgia clays have captured much of this
paper trade. This is due to a natural superior whiteness, to lower
water absorption, and to the introduction of processing operations to
remove grit and mica. Also recent prospecting in Georgia has uncov-
ered extensive bodies of clay at shallow depth, whereas the cost of
South Carolina mining has increased by reason of a steadily mounting
overburden in the old mines. Many mines have been closed down
for this cause. Also the natural advantage the South Carolina clay
deposits enjoyed because of their exceptionally low grit and mica
content has been materially offset by modern methods of cleaning the
whiter though more gritty Georgia clays. The economic depression
ushered in a new era in the clay industry when the seller’s market was
replaced by that of the buyer. Adjustment to new conditions set up
by this competitive struggle has not been made by some operators.

The more precise specifications which the consumer now makes have
resulted from competition by the crude clay producers to sustain
markets. These specifications do not indicate passing conditions but
an advance of the industry. The period of simple mining and market-
ing operations has ceased. Technical specifications in orders will
become increasingly prevalent. Operations involving the processing
of clays are tedious and expensive and require large capital investment,
and deposits requiring such treatment are naturally avoided wherever
possible. Though nature has been lavish with material and has pro-

vided clay beds of remarkable purity, the favorable conditions for

simple enterprises that have prevailed in the past cannot long continue.
The present trend is toward more elaborate plant operation and con-
trol, which will more completely utilize the clays mined and provide
products of different grades. The crude clay will be trucked from
mine to plant as nearer deposits give out. Thus processing plants
will eventually be located at sites more suitable for economic operation
than those now occupied.

USE OF GRADING TERMS

" The classification of clays into grades (1, 2, and 3) in clay mines
- has significance only in the particular mine in which it is applied. It
does not refer to any accepted standard. A No. 1 paper clay may be
utterly different from a No. 1 rubber clay, but the terms indicate that
from the producer’s standpoint each of the two clays is the best grade



KAOLINITIC CLAYS OF SOUTH CAROLINA 29

of its kind in his mine. The quality of No. 1 clay differs from mine to
mine. Those clays that are the whitest and most free from grit rate
as No. 1 unless they are disqualified for some other reason.

COLORED CLAYS

Buff clay.—The buff clays are obviously stained by hydrous oxides
of iron and usually contain both ferrous and ferric iron. As a rule
the buff and colored clays are so gritty or micaceous that they are
quite unsuited to commercial use. This grade of clay is occasionally
used for cleaning peanuts. However, if the quality of the clay is
otherwise excellent it may be used satisfactorily for fillers, pigments,
or pottery in which color is of no consequence and in which a slight
increase in iron content is not injurious to the finished product. The
use of off-colored clays wherever possible will often save the manu-
facturer money and relieve the clay producer.

Black clay—Many of the thicker clay beds have at or near the base
a prominent black band that contains more or less organic material.
In some deposits this layer is largely composed of vegetable matter
and will burn. Mouch of it is made up of wood fiber. Such an organic
clay streak extends from Aiken to Augusta. Usually the organic mat
grades upward into a dark-colored or grayish clay of high plasticity
and into either purplish-red or white clay. When dried the ebony-
black clays turn to gray or grayish brown.

Purple clay—The clays of South Carolina may be seen in almost all
colors, but true yellows and greens are seldom encountered. Pinkish
and magenta to red clays are common; these colors at many places
grade into very strong purplish hues. The reds are obviously due to
the presence of iron, and the purples may also be caused by some of
the different oxides of iron admixed in different proportions. Field
evidence suggests that carbonaceous material may have some part in
this coloration, for many of the purple clays grade downward into
black organic clays and upward into reddish clays, the purple color
being induced possibly by some reaction between the carbonaceous
material and the iron. Such a change was noted in a new cut of the
Chicora pit, where the base of the clay bed was exposed A sample
from this pit submitted to the laboratory of the Geological Survey for
analysis was reported by J. J. Fahey to contain 0.18 percent of ferrous
iron, 2.41 percent of ferric iron, and 0.05 percent of carbon. No test
for manganese was made. A similarly colored sample of kaolin from
the Lexington pit was tested for manganese, but no trace of it was
found. Some of the clays, however, may contain manganese, because .
dendrites form along fractures in them.

Samples of pinkish to purplish clay were treated with pyroxol, and
no change in color was observed. If any organic matter was present
in the samples its removal by the pyroxol did not alter the original
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reddish or purplish color of the clay. Thus it seems doubtful if carbon
is directly responsible for the purplish color of the clay. The coloring
is undoubtedly due to some compound of iron, in the formation of
which organic matter may have exercised a catalytic reaction.

TEST FOR PRESENCE OF IRON

A field test for the presence of iron in the white clays may easily’
be made by dipping small pieces in solutions of potassium ferro- or
ferri-cyanide. Gradually the clay becomes colored a Prussian or a
Turnbull’s blue, and the intensity of the color or the rate of coloration
gives some hint of the amount of iron present in the specimen.

OVERBURDEN RATIO

Field practice has shown that in general 4 feet of unconsolidated
overburden can be economically removed from a clay deposit for each
foot of marketable clay. The ratio of 4 to 1 has become the standard

mining, 15°slope =

Kaolin bed l? ft.

FicurE 1.—Diagram showing effect of angle of slope on amount of kaolin economically available (4 to
ratio) along a ravine.

limit. The thicker a clay bed the cheaper is the mining cost. Clay
mines are of two kinds— (1) a pit sunk into a flat terrane with a
relatively constant thickness of overburden, or (2) an outcrop along
a ravine or slope where extended mining usually involves & mounting
overburden. .(See fig. 1.) Most mines are of the second type, and
mining costs finally eat up profits as the more accessible clays are
exhausted. The usual result is abandonment of the property for a
more accessible deposit. Very little attention has been given to
more systematic or improved methods of mining.

RESERVES OF KAOLIN

o

No estimate of the potential reserves of kaolin in the South Caro-
lina field would be of particular value, because too little is known of
the extent of the deposits already discovered, of the volume and
quality of clay yet to be uncovered by more improved means ot
prospecting, and of the changes that new methods of mining and
milling and the requirements of industry will bring about. At the
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present rate of consumption there are deposits in sight sufficient to
last for many years, although it is also true that many of the high-
grade clays within easy reach have been about mined out. As the
clay industry is evidently entering a new period of activity based
. upon higher technical standards of mining, milling, and marketing,
it will doubtless encourage further prospecting and improvements in
mining methods and thereby bring about additional discoveries and
an expanded reserve. Present supplies will be more thoroughly
utilized, and clays now not considered of economic value will be added
to production and reserves.

ROCK FORMATIONS OF THE AIKEN AREA
ROCKS OF THE PIEDMONT

The rocks of the Piedmont (see pl. 2) are of igneous and sedimentary
origin, metamorphosed, folded, and faulted before the development
of the old erosion surface upon which the Coastal Plain deposits were
laid. Unweathered rocks of the Piedmont are easily distinguishable
from the Coastal Plain deposits, but where they are deeply weathered
and exposures are poor they can be identified in the field only with
difficulty. In places certain phases of the red-weathered rocks of
the Piedmont and the red Barnwell sand are indistinguishable. The
appearance of angular quartz float denotes the presence of a Piedmont
surface. The irregular topography of the Piedmont area is often in
‘contrast with the more even surface of the Coastal Plain. This is
very likely due to the fact that the rocks of the Piedmont are subject
to further chemical alteration and disintegration, whereas the Coastal
Plain is composed of the thoroughly reduced end products of weath-
ering derived from the ancient Piedmont and deposited in their
present location. The rocks of the Piedmont were undoubtedly
deeply eroded in pre-Cretaceous time, but as the Cretaceous sea
advanced upon the land much of this disintegrated material was
removed to form the insoluble deposits of the Cretaceous. In some
places the weathered material was completely removed, exposing
fresh rock surfaces, but in protected areas some weathered rock re-
mained to form the floor for the new deposits. Chemical weathering
of the buried floor undoubtedly continued, but at a much reduced
rate. Now when this blanket of inert Coastal Plain deposits is re-
moved by mechanical weathering, a less resistant surface is exposed.
Consequently the Coastal Plain deposits usually end in a north-
westward-facing scarp, beyond which lies the Piedmont with an
irregularly dissected surface. As the Coastal Plain deposits are
eroded away a new pattern of secondary drainage develops on the
rocks of the Piedmont thus exposed. The master streams are the
chief survivors. The young streams of the Piedmont have steeper
gradients as a rule and weaker rocks to work upon. Though the
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rocks of the Piedmont in depth are hard, dense, and resistant, weath-
ering is so deep that in many places streams have not cut down to
the hard underlying rock. The master streams are continuously
turbid from a constant supply of silt from the Piedmont.

DEPOSITS OF THE COASTAL PLAIN
TUSCALOOSA FORMATION
GENERAL CHARACTER

The Tuscaloosa formation (see pl. 1) is essentially a coarse-grained
unconsolidated sandstone with intercalated beds and lenses of kao-
linitic clay. The formation is white to buff with occasional varie-
gated tints furnished by the clayey zones. The sands are commonly
cross-bedded and channeled, and locally bedding planes or top-set
beds are plainly visible. Details of the formation as exposed in: a
boring on the property of the J. M. Huber Corporation, Langley, S. C.,
. are given on pages 34—41. Quartz probably constitutes 90 percent of
the formation. The individual grains are sharp and average about
1 millimeter in diameter, but with increasing size of grain there is
more evidence of rounding. Mica and kaolin are the common asso-
ciates of the quartz sands. The kaolin occurs either as a clayey
component of the sands or more definitely concentrated in lenses or
extensive beds 40 feet or more thick. The kaolin varies in purity,
color, and quality. These changes may take place gradually or
abruptly, both laterally and horizontally. Locally kaolin beds are
of amazing purity and whiteness. The economic clays are near the
top of the formation. The clays of the lower part of the Tuscaloosa
are more apt to be micaceous, gritty, and discolored. This may well
be seen in the railroad cuts of the Georgia & Florida Railroad north
~of the Martintown road. (See fig. 2.) The contact of the Tusca-
loosa formation with the rocks of the Piedmont is seldom visible, and
except at one locality noted the grain size of the beds immediately in
contact with these rocks is only slightly coarser or more angular than
in the main body of the formation. The rocks of the Piedmont at
the contact are invariably weathered and commonly colored white
to buff. A

The Tuscaloosa formation has a very slight dip to the southeast

and lies essentially as it was deposited. In Tuscaloosa time the ma-
terial of the formation was retransported and redeposited many times

before finally coming to rest.
HUBER TEST WELL

Conditions at drilling. site—Through the courtesy of Mr. Wilber
- Driver, of the Huber Corporation, labor and equipment were supplied
for drilling a test well through the Tuscaloosa formation. A site was
chosen approximately 100 feet southeast of the Huber-Langley clay
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plant, which is 1} miles south of Langley, -

S. C., on the south side of Horse Creek.
(See pl. 2.) At this drill site the kaolin
bed has been mined out. Some 300 feet
to the south this clay bed may be seen
in a new pit, where it has an almost im-
perceptible dip to the southeast and is
overlain by more than 55 feet of Tusca-
loosa sands. Above the Tuscaloosa lies 50
feet of Barnwell sands, the top of which is a
regional plain of erosion, which in this area
has an altitude of 450 feet. The altitude
of the drill site is approximately 345 feet.

Drilling method.—The drilling equip-
ment consisted of a light portable wash
rig driven by a gasoline engine and capa-
ble of handling 20-foot lengths of 1-and
1%-inch iron-pipe rods. Fishtail bits 3
inches or less in diameter were supplied
with water for drilling by a single-stage
reciprocal pump. The bit was given a

chopping action by snubbing the elevator -

cable on the elevator dram. This type of
drilling equipment is capable of penetrat-
ing only disintegrated or unconsohdated
formations.

Drilling by this method involves two
operations, the chopping action of the bit
‘and & jet action of the injected drilling
water, which in these unconsolidated sands
is at times sufficient to perform the func-
tion of drilling. Manual rotation of the
drill pipe rounds out the hole. Cuttings
are carried to the surface by the return
circulation, and samples are caught upon
a fine wire-mesh screen. Casing is set by
driving with a 400-pound hammer and
recovered by the use of manual jacks.
Caving sands are often indicative of water-
bearing beds and when water sands are
encountered it is usually advisable to set
casing. When caving sands shut off the
return-water circulation, the recovery of

S0 vsop

drill rods and bit becomes a difficult task ¥

with a light rig.
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The test.—The first test hole was drilled to a depth of 230 feet
and was lost when a cave-in locked the rods. The rig was then
moved to a new location 15 feet west and a new hole drilled to a depth
of 290 feet. A quartz cobble, encountered and sidetracked at 275
feet, slipped back into the hole and locked the rods at 290 feet. As
the capacity of the rig had been exceeded, it was considered advisable
to abandon further drilling, and the test was converted to a water well.
The unfortunate encounter with the quartz cobble was regrettable,
because the base of the Tuscaloosa was expected at a depth of ap-
proximately 300 feet. The dip of the Piedmont surface beneath the
Tuscaloosa in the Warrenville quadrangle is 25 feet to the mile south-
eastward. Locally the rate appears greater, and this must be true
at Horse Creek in the vicinity of Langley, for a projection of the
stated dip from the outcrop in Little Horse Creek intercepts the
test well at a depth of 290 feet.

Section exposed.—The following generalized section compiled from

‘the detailed results of microscopic study of the samples obtained
(see pp. 35-40) shows the broader lithologic features of the Tuscaloosa
formation at the drilling site.

Section of Tuscaloosa formation at Huber test boring

Thickness Depth

(feet) (feet)

Clay, white, exposed in outcrop and in old Paragon clay pit_ ... ) e
Ciay, top of boring, white kaolin with admixture of white mica and clean guartz

graing (SAamMPle 1) . e e 15 15
Sand, sharp sand grains comprising 75 to 90 percent of whole; admixed kaolinite .

and mica. dark minerals less than 1 percent (samples 2-5)._..__.._ e 30 45
Mica-bearing streak; mica makes up 75 to 80 percent of sample with admixed

white clay and quartz grains (sample 6) . . .ol 1 46
Sand; quartz grains comprise 66 to 90 percent of material and range in size from

0.25 to 1 millimeter. Mostly light-colored; kaolinite and mica, together with a

few grains of dark minerals, make up the rest. A 1-foot seam of kaolin at 100

feet. (samples 7~16) ... ooooo oo - 54 100
Gravel, grains chiefly quartz, 2 to 5 mi , S

phyry (?), no mica or clay (sample 17) . - oo e 5 105
Sand, chiefly quartz grains ranging from 0.5 to 2 millimeters in size, muscovite

mica, kaolinite scanty, few dark mineral grains (samples 18-29) ..___.____._____ 70 175

Conglomerate, practically all quartz grains, some as much as 4 millimeters in.
diameter. Finer materiallocally as much as 50 percent of whole. White mica .
grains 0.25 millimeter inconspicuous. . No kaolinite observed (sample 30)....._. 5 180

Sand, grains 2 millimeters or less, fairly clean quartz, little kaolinite, some dark .
mineral grains, mica more or less conspicuous. Light color, locally pinkish

(samples31-37) oo oooeooomoooo e mamemeeeeeesamaseeanen 35 215
Sand, quartz grains averaging about 1 millimeter, very conspicuous showing of

heavy minerals, all fine-grained, little kaolinite (sample 38)__.._____.._._.__._. 5 220
Sand, quartz grains 0.5 to 1 millimeter, few dark mineral grains, micaceous,

slightly grayish color. Bottom of first well (samples 38-40) ... 10 230

ontinuation in second well: . .
Sand, quartz grains very whitish, clean, few mica flakes, no clay minerals, only

few specks of dark minerals (sample 41). .o ooioooiaiiioiaoo 5 235
Conglomerate, quartz grains 3 to 4 millimeters, slightly smoky. No mica, dark

minerals, or clay minerals (sample 42) . ... 5 240
Sand, quartz grains ranging from 0.5 to 3 milllmeters, mostly in smaller sizes, light B

color, mica more or less abundant, little clay (samples 43—47)_ 25 265

Conglomerate, largely quartz grains as much as 4 millimeters _
minerals not conspicuous, no kaolinite (sample 48) ... oo ... 5 270

Sand, quartz grains ranging from 0.5 to 3 millimeters; smaller sizes dominant,
mie)a and dark minerals generally inconspicuous: 10 kaolinite (samples 49 and
a—C,
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Samples obtained.—The samples collected from the test well are

described below: .
: Depth
(feet)

1. White kaolin with admixture of white mica flakes and
sharp clear quartz grains. Base of clay bed in the
old Paragon clay pit. (Nore.—Samples from the
first 60 feet represent a continuous record though
they were caught from the footage intervals re-
corded. The material within any gap is essentially
that of the succeeding sample.) . _...__.__.....__.. 810

2. Sharp sand grains, average % millimeter, 75 percent of
sample. Thin transparent plates of white mica of
less than 1 millimeter. Foliated translucent kaolin- .
ite crystals. Less than 1 percent of dark materials. 15-18

3. Sharp quartz grains, same size as above, transparent
mica plates slightly larger size to 1 millimeter_____ 23-29

4. Sharp quartz grains, % millimeter. More than 90 per-
cent of sample quartz. Clear. Transparent mica.
Kaolinite crystals in blocks, 0.25 millimeter, no evi-
dence of rounding of grains. Few black minerals.
Occasional large plates of transparent mica 2 milli-
meters across. Few iron-stained quartz grains,
brownish to reddish._ ________ . __________________ 32-34

5. Practically the same as above sample in type and per-
centage of quartz. Kaolinite crystals 0.5 millimeter
5 percent of sample. Brilliant white mica less
abundant than kaolinite. A few black and some
brown grains present._ - ____________________..___ 39-40

6. Mica, 75 to 80 percent of sample, with white clay.
Size of associated quartz 0.5 millimeter. Many of
quartz grains contain iron inclusions. Brown iron-
stained kaolinite crystals. Heavy minerals, mus-
covite abundant, no biotite recognized, staurolite,
tourmaline, euhedral zircon, sillimanite, monazite,
ilmenite, magnetite_.______ . __ ___________.____.__ 45-46

7. Quartz, 65 percent of sample. Sufficient brown grains
-of residual iron to give color to the sample. Slight
buff color, especially when wet. More clear mica
than kaolinite grains present. Finer angular
quartz grains 0.25 millimeter in diameter also
present_ o een- 51-52

8. Quartz, 95 percent of sample increasing in size to 1
to 1% millimeter. Transparent mica plates more
conspicuous in a wet than a dry sample. Large
kaolinite crystals as much as 2 millimeters. Some
quartz iron-stained. One tourmaline crystal shows
good rounding. The largest quartz grains also give
evidence of rounding. Heavy minerals, staurolite,
red rutile, cyanite, tourmaline, zircon, sillimanite,
muscovite, ilmenite, magnetite_ .. _ ... . o.._... 57-60
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Depth
(feet)
. Quartz grains, sharp, 0.5 millimeter in diameter, with
abundance of white mica, corroded edges. A little
black mineral and grains of iron oxide; 5 percent of
white kaolinite crystals; muscovite mica probably
equals 15 percent of sample._ . ___ s 60-65
. Same as sample 9_ ... 6570

. Practically same as sample 9 except slight increase in
mica content and less iron-stained grains. Very few
dark heavy minerals. Sample presents a remarka-
bly whitish appearance__________. S 70-75
. Quartz grains, coarse, sharp, 1 millimeter in diameter,
85 to 90 percent of sample. Abundance of .large
kaolinite erystals.___.__________________ - 75-80
. Coarse sharp quartz, 1 millimeter, showing a dominant
elongate appearance as if derived from a gneiss,
makes 90 percent or more of sample. Few dark
grains. Very few kaolinite erystals. Iron-stained

" grains present. White mica 5 percent or more_.__ 80-85

. Relatively same as sample 13______________________ 85-90
Practically same as sample 13 but slightly more kao-

Yinite_ - .. .- 90-95

. Quartz grains slightly smaller. Percentage of white
mica greatly increased, possibly 15 to 20 ‘percent of
sample. Very little color from iron oxide grains or
black minerals. Kaolin seamr 1 foot thick at 100
feet . oo 95-100
. Abrupt change to gravel. Grains average 2 to 5
millimeters across. Most of grains slightly frosty,
few smoky, few large red grains appear like fragments
of altered rhyolite porphyry, red ground-mass, well
rounded, 6 millimeters. Some iron-stained quartz.
All grains show some wear. The larger the grain
the more rounding. No mica. If clay were present
it has been washed out during drilling__._________ 100-105
. Range of quartz grains 0.5 to 2 millimeters. Quartz
fragments sharp, larger grains probably hang over
from bed above. Little white mica. Practically
no evidence of clay. Sample remarkable for white-
ness. No color from iron oxide or black minerals.
Some quartz frosty. Quartz veined with lacy
fractures_ . e __. 105-110
. Remarkably clean sand. -Quartz grains frosty, slight-
ly rounded. Frostiness is both inherent in quartz
and amplified by abraded surface. Few kaolinite
crystals. Absence of mica and colored minerals.
Grain-size 1 to 2 millimeters_ - .- ... ___ 115-120
. Same as sample 19 but slightly coarser. Few mus-
covite flakes. Some quartz shows minute dark in-
clusions. Quartz clearer.and sharper than above,
~ even some large quartz crystals show knife-like edges_ 120-125
. Mixed grains of quartz sand 0.5 to 2 millimeters. Same
type of grains as above, frosty, few limonite grains,
none black. Mica more evident___.____________. 125-130



22.

23.

24,

26.

27.

28.

29.

' 30.

31.

32.
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Practically same as sample 21. Grains slightly
coarser. Some flecks of pyrite in quartz_____._____
Somewhat same as sample 22. Considerable smoky
quartz grains, which give a greyish tint to the
sample. Grains equidimensional, dominant size, 2
millimeters. Few mica flakes present in sample,
though much may have been lost during washing on
screen. Practically no clay minerals, black or iron-
stained grains_ _ ____________________________.__
Sample more whitish than above, fewer smoky grains.
Grain size slightly less than above, 1% millimeters.
Tendency' to elongate shape. No dark minerals,
clay or iron-stained grains present. Mica not evi-

. Slightly coarser sand, frosty to smoky. About 2 per-

cent of white mica flakes. No clay minerals. Some
colored heavy minerals. Dark brown to black
quartz grains, equidimensional, coarse and not much
rounded e
Quartz, 1 millimeter. Little mica. Quartz sharp,
clear, few colored grains_ . __ ... ________.__._.
Quartz grains, 1 to 2 millimeters, dominant. Mica
shows plainly. Sample has a dull smoky cast. No
clay minerals, few iron-stained specks. Very few
black heavy minerals_ . _______________________._.
Dry sample contains considerable fine clay dust, denot-
ing presence of a thin clay bed with the sand.
Quartz, 80 to 85 percent. Some mica. Some white
kaolinite crystals. Quartz clear, sharp, 0.5 milli-
meter average size. Some limonite and black grains,
though not prominent. Kaolinite crystals have
wavy plates very much like compressed fish scales. .
Very clear white sand, 0.5 to 1 millimeter. Sharp.
Mica scarce. Xaolinite crystals_. ... _______.__ -
Conglomerate 2 to 4 millimeters. Practically all
quartz. Glassy, frosty, and smoky, giving a milky
to smoky appearance. Few pale-yellow and pink
grains. There is at least 35 percent of fine sharp
sand present, which is not conspicuous when the
sample is wet. The white mica is of uniform size
(0.25 miillimeter) and most inconspicuous. No
kaolinite crystals observed _ . . ... ______.._..
Smaller-grained sand than above (2. millimeters).
Very clean, practically no color. Most grains equi-
dimensional and sharp. Some milky. Smoky
variety absent. No kaolinite crystals. White mica
scarce. Small flakes of 0.5 millimeter or less..__..
Fine clean sand. Clear to frosty with a few grains of
rose-pink to faint-yellow color. Smoky tint not
apparent. Mica scarce. No kaolinite crystals.
Grain size of quartz 0.5 to 2 millimeters. Quartz
grains blocky and show some smoothing of the

Depth
(feet)

130-135

135-140

140-145

145-150

150-155

155-160

160-165

170-175

175-180

180-185

185-190

37
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36.

37.

38.

39.

40.

41.

42.
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. Sample much the same as sample 32________________
. About the same as sample 32 except small flakes of

mica becoming more prominent and small brown
(limonite) grains. Very few kaolinite crystals_____

.- Sand grains slightly coarser and more variable in size.

Mica conspicuous, probably 5 percent of sample.
Quartz grains slightly grayish, show slight rounding
of sharp edges. One 2-millimeter grain very well
rounded. Some dark minerals___________________
Sand grains 1 to 2 millimeters, uniform pale-gray tint.
Practically no black mineral. Mica conspicuous
but not over a few percent. No obvious clay min-
Grains slightly coarser. Some mica visible. Most
quartz grains are clear; a few milky, and some are a
faint pink or yellow tint. Though quartz fragments
are angular, there is evident polishing off of the
edges and corners___ ___________________________

Quartz sand, medium grain, averaging about 1 milli-.

-meter. Quartz about same as in sample 37. Few
spangles of mica. Very conspicuous showing of
heavy minerals, all fine-grained. Fair sorting for
size of quartz and rounding of the grains, black,
brown, rose, amber, yellow, green. Heavy mineral
chips show some rounding of edges but are still
sharp. TFew kaolinite crystals. Heavy minerals,
staurolite, tourmaline, muscovite, blue tourmaline,
ilmenite, magnetite, biotite?_____________________
Grains of quartz slightly larger than in sample 38 and
uniform. Mica more apparent. Heavy minerals
absent. Not much evidence of rounding__________
Very clear even-grained sand averaging about 0.5 to 1
millimeter. Uniform color, slightly grayish. A
very little white mica and a few specks of dark min-
erals, of the same nature as in sample 38. Quartz
grains uniform, sharp, and equidimensional. Bot-
tom of first well ________________________________
Sample continued in second well. A very whitish,
clean even-grained quartz sand. Very little color
present and only a few full specks of heavy minerals.
Mica represented by but a few flakes. Clay min-
erals absent_____________ e
Conglomerate, grains 8 to 4 millimeters, slightly elon-
gate. Color slightly smoky. Very little other color
present. Mica absent, also dark minerals. Very
slight rounding of the outer edges of the quartz
grains. Reentrant faces appear not to have been
abraded. On some grains the polishing marks on

the rounded points are plainly evident. No clay
minerals

Depth
(feet)
190-195

195-200

200-205

205-210

210-215

215-220

220-225

225-230

230-235

235-240
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43. Quartz sand, 1 millimeter average diameter, relatively
uniform. Grains fairly equidimensional, color pale
gray. A few iron-stained grains, very small. TFew
fine heavy minerals present similar to those in sam-
ple 38. No clay minerals. Mica evident. Quartz
grains sharp, very little evidence of smoothing of
points of grains. Some very sharp angles are left
unaffected; others seem to indicate a faint dulling of

. the edges_ - - .-

44. Quartz of a pale-grayish tint, though neither the
smoky nor the frosty variety of quartz is conspicu-
ous. Average grain size about 1% millimeters;
small percentage exceed 2 or 3 millimeters; these are
of the milky variety. Mica evident, in small flakes.
Heavy minerals conspicuous but very small and very
few in number. No clay minerals________________

45. Same as sample 44 except that practically no miea is
present. .

46. Quartz grains averaging 0. 5to1 millimeter, 99 percent.
A few smoky quartz crystals of 2 millimeters or
more. Sample whitish. White mica very scarce.
Heavy minerals very scarce and fine. Quartz grains

47. Quartz sand, grain size variable, ranging from 0.5 to 2

millimeters. Large grains of milky quartz. Sample-

presents a whitish to grayish tint. Mica present but
not “very evident. Occasional kaolinite ecrystals
seen. Heavy minerals very scarce and small.
Quartz sharp; little evidence of surface corrosion.._._
48. Conglomerate. Considerable variation in grain size,
ranging from 4 millimeters to a mass average of 0.5
millimeter. Surprisingly little evidence of rounding
on even the large grains of quartz. Color pale gray-
ish to milky. Mica and dark heavy minerals not
conspicuous. No kaolinite crystals. Large quartz
grains very irregular in shape but equidimensional.
Much of the transparent quartz appears as shatter
quartz—that is, the original crystal has been broken
by stress into fragments which fall apart when trans-
ported __ e ____
49. Quartz sand, grain size variable, 0.5 to 3 millimeters;
a few small mica flakes. No kaolinite crystals.
Few heavy minerals. Many of the quartz grains are
pale pinkish to rose-colored. As usual, most of the
quartz is fragmentary, with only the faintest show of
smoothing of sharp edges. - - . ______________
—. Quartz sand, average grain size less than 1 millimeter,
rather uniform, equidimensional, and sharp. No
kaolinite crystals. Some pink and yellow quartz.
Dark heavy minerals very scarce and of small size
Mica VEry SCATCe_ _ oo ecmoceccme e
66911—40——1

Depth
(feet)

240-245

245-250

250-255

255-260

260-265

265-270

270-275

275-280

39
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Depth
(feet)
Samples representing interval of 280-290 feet :
taken every 3 feet. Samples marked a, b, ¢, as their
proper order was lost by driller failing to mark
SaMPles . L e icciciciciaa 280-290
a. Sample similar to that at 275-280 feet, with a scatter-
ing of coarser-smoky grains of quartz. Lightest in
color of series. Contains white mica flakes con-
spicuously - scattered.:through the sand. Grains
uniform and fine, less than 1 millimeter. Meager
representation of heavy minerals.
. Slightly coarser than sample a and a shade darker.
Mica flakes larger and a bit more pumerous than in
sample a, though less than 1 percent of sample.
Quartz 98 percent of sample.
¢. Coarser and grayer than sample b. Gray quartz, over
1 millimeter in diameter. Possibly 10 percent of 2 -
millimeter quartz grains. Mica present but prac-
tically no heavy minerals. No kaolinite crystals.

Samples a, b, and ¢ were combined for a heavy-
mineral determination. A very meager crop re-
sulted, consisting of staurolite, tourmaline, zircon,
ilmenite, and magoetite.

Source and character of kaolinite crystals.—Examination of the
samples revealed the very interesting fact that no feldspars occur in
any part of the section. This agrees with what has been observed of
the surface exposures of the Tuscaloosa in Aiken County. Although
it cannot be denied that arkosic sands may be present in the formation,
observations of the character of these beds render this unlikely.
Kaolinite crystals occur in abundance in the upper part of the well,
but are probably secondary, as it is hardly conceivable that they
could have retained their form during transportation along with the
sharp sand grains. The crystals probably grew in the interstitial
spaces between the quartz grains from kaolinitic material originally
developed in the altered rocks of the Piedmont and transported with
the sands to the site of deposition, or their constituents were later
introduced by ground-water circulation. In some samples these
kaolinitic crystals are as abundant as the mica flakes. They are
usually blocky, six-sided translucent crystals. When wet they appear
very much like foliated mica, but when dry they are chalky and so
suggestive of decomposed feldspar that they might well be mistaken
forit. Such occurrences may have suggested the classification of some
Tuscaloosa sands as arkoses. When thoroughly wetted and pressed
with very slight pressure by tweezers the kaolinite crystals break
down into a pile of thin nonelastic grayish flakes. This is not true of
the muscovite, which is fresh, .elastic, .transparent, and resistant to
crushing by the tweezers. Most of the muscovite plates show
corroded edges.
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- Size and character of other mineral grains.—Selective determinations
of grain size of other minerals have not been made, but from random
measurements it is estimated that the average grain size is about 1
millimeter. The grains are sharp, clear, and composed of quartz.
Aside from the smoky and milky quartz present only a very few grains
in each sample show color. As the grain size increases to 3 or 4 milli-
meters rounding becomes more evident, and the conglomeratic sands
show considerable abrasion. In no samples were heavy minerals
present in noteworthy quantity. The apparent absence of biotite in
samples in which other mica minerals are abundant is suggestive of
the character of the source rock. However, this cannot be accepted as
conclusive evidence, for biotite readily bleaches to a colorless mica.

Kaolin a minor constituent of the Tuscaloosa.—Although the bedded
‘exposures of kaolin as seen in the field are most conspicuous, kaolin
deposits are nevertheless a minor constituent of the Tuscaloosa
formation. It is worthy of note that only one notable clay bed and
two minor.seams were present in the 290-foot well section and the
accompanying 55-foot thickness of outcrop. A 2- to 3-foot discolored
clay seam lies at the top. The next clay bed below is the 15-foot
commercially valuable kaolin layer which occupied the first 10 feet
of the well section and is now replaced with roughage. A 1-foot seam
of clay lies 100 feet below the surface at the well site, the last of any
significance encountered in the section.

LENTICULAR DEVELOPMENT OF CLAY

According to current information, prospecting in the general area
during the early period of the clay industry had revealed the presence
at depth of “a thick bed of clay superior in quality and whiteness to
that found at the surface.” Although the Huber test disclosed only
a 1-foot representative of this clay lens, a water well also drilled during
the spring of 1935 encountered, according to the driller; a thick bed of
good white clay. . Its site was 1 mile a little to the south of east of the
Huber test, 50 feet east of the Pine Log road, midway between the
Immaculate Kaolin Co.’s plant and the Harmon store. The driller’s
log, transcribed from memory, is given below.

Driller’s log of water well 1 mile southeast of Huber test well, Aiken, S. C.

Depth Thickness
(feet) (feet)

[ ) P 10 10
Bt gravel . e e e ece e 40 | 30
Pink clay (?) [more likely a clayey san - " - 59 19
Good whiteelay . .o ooo ool - I 100 41
White sand.eeoeme oo - . 165 656

White clay . o oocoo oo oicaaool . e
Coarse gravel; water at 227 feet. . oo e e 227 37
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Stratigraphically the 25-foot bed of clay at 165 to 190 feet corre-
sponds to the bed at 100 feet in the Huber test well, where it has lensed
out to a little more than 1 foot in thickness. As to the quality of the
clay, nothing can be said, as samples were not seen. Obviously, the
amount of overburden makes this clay bed of no commercial value,
for the present at least.

The 37 feet of coarse gravel reported by the dnller was probably
composed largely of 2- to 3-millimeter grains of quartz. Well-rounded
quartz pebbles as large as 1 inch in diameter occurred at the bottom
of the well.

Both clay beds lie within the upper part of the Tuscaloosa.

FOSSILS

During the field investigation no marine fossils were discovered. "
Stephenson % has reported finding one oyster shell in the Tuscaloosa.
Fragments of leaves and wood are relatively common. The basal
part of the black clays is often composed of fragments of wood an inch
or more in diameter and in a fair state of preservation. Leaves are
the most common organic remains and are found here and there in
thin clay seams intercalated with the sands. Many well-preserved
leaf impressions were found in the bottom 1 foot of clay in'the Morris
pit. Although there is a plentiful supply of material, the number of
species represented is small.

- THICKNESS

The results obtained from the Huber test well and an examination
of the samples lead to a better understanding of the character of the
Tuscaloosa formation in Aiken County. Unfortunately the bottom
of the formation was not reached by the drill, nor is it known how
much of the formation was removed by erosion during later Cretaceous.
and early Eocene time prior to the deposition of the Barnwell. The
formation is cut off by erosion within 12 to 15 miles northwestward
from this locality. By adding the section uncovered by the drill test.
to that shown on the outcrop, a minimum thickness of 350 feet of
Tuscaloosa at the drilling site is recorded. Unless there is some un-
usual change in the configuration of the Piedmont surface, an addi-
tional 25 feet is all that may be safely added to the base of the forma-
tion. For the upper portion there is a less certain limit, but it may
be assumed with safety that the Tuscaloosa in the Horse Creek area.
was at least 400 feet thick.

The average width of Tuscaloosa exposures measured from the con-
tact with the rocks of the Piedmont to the overlapping margin of the
Barnwell or McBean formation is 15 miles. At a dip of 25 feet to the:
mile, a thickness of 375 feet is obtained. This inclination of 25 feet
to the mile for the old pre-Cretaceous erosion surface was determined

8 Stephenson, L. W., personal communication.
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locally from exposures in the Warrenville quadrangle and checks
favorably with a regional measurement covering the distance from
Aiken to Summerville, S. C., where a well is reported to have en-
countered basement rocks at 2,450 feet. A corrected estimate gives
a dip of 23 feet to the mile, but as the direction of measurement is
probably oblique to the strike of the old erosion surface on the base-
ment rocks, the figure 23 feet is too low.

McBEAN FORMATION

The McBean formation is composed of sands and marl. The green-
ish tinge of the sands is of great aid in recognizing their presence in an
outcrop. The sands also contain black carbonaceous streaks and small
irregular marly inclusions. The marl beds in the lower part of the
formation contain fossil sea shells. A very fossiliferous outcrop occurs
at the water’s edge on the southeast bank of Tinker Creek near Reedy
Branch. Exposures of the McBean are also #0 be seen along the high-
‘way near Ellenton, in southern Aiken County. The McBean over-
lies the Tuscaloosa in southeastern Aiken County but was removed by
pre-Barnwell erosion in the northwestern half. In Town Creek and
along the upper slopes of the south bank of Horse Creek the basal
sands above the Tuscaloosa have a faint greenish cast. It is believed
that these sands are of Barnwell age and derived from the McBean,
but they may be thin isolated remnants of McBean. The McBean
tapers off in the area between upper Three Runs and a line following
Halley Creek to Montmorenci, and across the Savannah in Georgia

it does the same.
BARNWELL SAND

The Barnwell formation lies unconformably upon both the Tusca-
loosa and the McBean. It is composed essentially of unconsolidated
buff to deep-red clayey sands and has a buhrstone member that is
locally prominent. Laminated clay beds are also present within the
sands. The most striking feature of the Barnwell is the very deep red
color that it assumes in places. The reddest deposits, however, con-
tain less than 6 percent of iron, most of which is in the ferric state.
Partial weathering appears to intensify the reddest coloration, and as
usual rain wash gives a false coloration to surfaces below it. Thus
more rocks as exposed at the surface appear deeply colored than are
actually so. The Barnwell overlaps the Tuscaloosa (see fig. 2) to the
northwest, where it lies directly upon the Piedmont rocks. Where
the weathered rocks of the Piedmont and the Barnwell are both com-
posed of red quartzose clay they are very difficult to distinguish, ex-
cept where road cuts provide fresh sections. The Barnwell usually
contains a scattering of rounded pebbles, which are of great assistance
in distinguishing it from either the rocks of the Piedmont or the Tusca-
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loosa. Rounded pebbles are obviously not a part of the Piedmont
rocks, and water-worn pebbles seldom occur in the Tuscaloosa. The
thickness of the Barnwell is usually 50 to 100 feet. North of Horse
Creek it tapers off, but southeastward the.formation thickens and
may in places approach 200 feet where it lies on irregular surfaces of
older deposits. :

To distinguish the Barnwell from the Tuscaloosa is one of the most
important problems confronting the clay prospector. Even where
open cuts have exposed good sections it is not always easy to locate
the contact. Cooke considers the presence of well-rounded and pol-
ished pebbles a fairly safe indicator of the Barnwell. A certain

’y
o Weathered, grayish.
;n Weathered, orange-peel zone.
Sandy indurated clay, purplish to reddish.
Sand, buff, with fine stringers of clay. |
___________________ andyclay band.\ _ _ _ _ _ _
o __Banded buff towhite clay_~~ """ "
T T T T T T T PBlrplishclay band”
_White clay, reworked from the Tuscaloosa. _ .
5 Fine-grained sand, white, buff to pinkish,

with purplish bands and spots.

Barnwell sand with l-inch water-worn pebbles.

Tuscaloosa formation, white clay,gritty, indurated

Ficure 3.—Section of Barnwell sand showing details of formation and contact with underlying T'uscaloosa,
Augusta-Trenton highway, 4 miles south of Trenton.

sequence of beds is, however, fairly common in the basal portion of
the Barnwell and where present is of great help in fixing the strati-
graphic position of the section. Water-worn pebbles % to 1% inches
in diameter usually lie within a foot or two of the base and at the
contact. From 10 to 20 feet higher the buff to variegated sandy
Barnwell grades into a well-laminated clay band that is variable in
thickness, color, and extent. The clay band is usually buff to brown
but may be pinkish to purplish. The most significant characteristic
is a distinct alternation of bands of clay and sandy clay an inch or two
thick. (See fig. 3.) This zone may exceed 10 feet in thickness or
may feather out completely. This. facies of the Barnwell, which is
considered marine, is followed by clayey sands locally cross-bedded
like those below and usually weathered brilliant red. If this typical
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Barnwell sequence overlies an irregular. surface.of white kaolin the
stratigraphic position of the exposure may be considered definitely
determined. In some exposures both the pebbles and the laminated
bands are absent and the Barnwell lies upon Tuscaloosa sands. Here
correlation may be made by running levels to more definite exposures,
or more detailed comparison of deposits at different.exposures may be
necessary to determine the stratigraphic position of a particular bed.

Buhrstone.—Deposits of buhrstone occur at or near the base of the
Barnwell. They are composed of variable amounts of coarse sharp
quartz grains and fossil shells. The original calcium carbonate of the
shells has been completely replaced by silica, and usually many of the
interstices between the shells and quartz grains are filled with opaline
silica. Grinding wheels for milling corn were cut from buhrstone
and are in use throughout the South in rural districts. Buhrstone
forms a ledge in the upper end of a tributary of Bridge Creek in the
Warrenville quadrangle. This ledge, which is 4 to 6 feet thick and
but 100 feet or so wide, occurs on both sides of the valley. It has a
northeast strike and reappears north of the Morris pit in upper Bridge
Creek. Still farther northeast the iron-stained conglomeratic phase
of the Barnwell is exposed along the Edgefield road and across Shaw
Creek above Shiloh Church. Another very massive outcrop of burh-
stone 15 feet thick is present about Dibble’s Pond and is reported to
-underlie most of the Montmorenci Plains at a depth of approximately
100 feet. It is claimed that the buhrstones underlie the surface
depressions and that drilling through the buhrstone beds permits a
lowering of the water table.

Pebbles—The typical Barnwell pebbles are of very smooth, well-
polished quartz. They are usually about 1 inch in diameter, flattish,
and composed of clear milky to dark smoky varieties of quartz. Many
of the pebbles are coated with an iron stain. These may be confused"
with the concretionary iron pebbles found in many places scattered
through the Barnwell and are locally abundant near its base. They
are gritty clay pellets derived from fragments of older deposits and
coated with a hydrous iron oxide shell one-eighth to one-fourth inch
thick. These concretionary pebbles occur in quantity at the contact
of the rocks of the Piedmont with the Tuscaloosa and Barnwell for-
mations on the Edgefield highway just east of the Trenton quarries.

Gravel of another type, which reaches the size of cobbles, may or
may not be of Barnwell origin. Some of this gravel forms terraces
along Horse Creek and was deposited during the cutting of Horse
Creek Valley. The cobbles are about 3 to 4 inches in diameter and
consist of quartz, usually water-worn and in different stages of decay.
Some are of fresh massive smoky vitreous quartz ,but others crumble
into grains when crushed in the hand. The nature of the cobbles
depends very much upon the character and state of weathering of the
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woriginal source rock. Eroded surfaces are strewn with these cobbles;
Exposures along the highway from North Augusta to Belvedere, at
Sweetwater Church, Warrenville quadrangle, contain a wide variety
of cobble beds. On the Pine Log road near the Harmon store another
profuse display of cobbles about the size of goose eggs is spread over
the fields. In the southeast corner of the Harmon pit a thick deposit
of cobbles extends from the surface down to the base of the Barnwell.
The cobbles are included in a matrix of Barnwell clayey sands. It was
impossible during the cursory examination to determine whether the
channeling and deposition of gravel in the Barnwell occurred in a
later stage of Barnwell time or during one of the Pleistocene cycles of
erosion. If it can be definitely proved that these cobbles are of Barn-
well origin, then much of the material now forming terrace deposits
was in part contributed from the Barnwell as well as from later
erosion in the Piedmont.

WARPING OF PIEDMONT SURFACE

The dominant structural movement of the Piedmont peneplain has
been a gradual tilting to the southeast. Tilting probably began during
Cretaceous time and was repeated later in minor amounts. The total
rate of tilt is now approximately 25 feet to the mile. This ancient
surface has also been subject to warping. A very prominent uplift
~ was recognized by Stephenson in North Carolina, the axis of which

trends approximately parallel with the Cape Fear River. A minor
down-warped area which involves the Tuscaloosa formation is closely
alined with the trend of the Savannah River and may be the cause of
this trend. The productive clay bed on the south side of Horse Creek
drops 100 feet within the 3 miles from the Immaculate mine southeast-
ward to the McNamee mine. This bed is interpreted as a continuing
-series of interlocking clay lenses. The Piedmont surface north of
Augusta shows this same trend. Also the slopes of the lower and upper
surfaces of the Tuscaloosa as shown by exposures along the Georgia &
Florida Railroad suggest a downwarping before Barnwell time.
(See fig. 2.) The Barnwell formation appears also to be involved in

this downwarp, although there can be less certainty on this point
because of the indefinite character of the exposures.

EFFECTS OF SOIL CREEP

In South Carolina the unconsolidated Coastal Plain deposits slump

or creep down the slopes of ravines and valleys. At places this over-
lapping blanket or mantle of material may extend a vertical distance
of 100 feet or more below the base of the formation from which it is
derived. This mantle ranges from 1 foot to 10 or 20 feet in thickness,
depending upon the material, slope, length of period of accumulation,
and other factors. It seriously interferes with prospecting operations,
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for it effectively conceals not only the outcrop of some clay beds but
other beds in which clay seams might be expected. Where the top of
the Tuscaloosa is exposed only at a considerable distance from a given
locality, its position in the intervening area must be obtained by
leveling. On the accompanying map of the Horse Creek and Aiken
areas (pl. 2) the contacts of the formations are represented in accord-
ance with data obtained in this way. Soil creep has been disregarded.
Thus the Tuscaloosa-Barnwell contact has been outlined with a degree
of accuracy commensurate with the conditions imposed by the nature
of the geology. As no economic deposits of kaolin are known to exist -
in the Barnwell, explorations for clays should be confined to vertical
intervals indicated by the altitude of the contact between the Barn-
well and Tuscaloosa. Where the slope at any point along the contact
is steep the belt available for prospecting will necessarily be narrow,
but where the contact lies near the surface of a tableland of low relief
a wide areais provided. Chance deposition of minable clay near the
top of the Tuscaloosa and its exposure by later erosion have favored
simple and extensive mining operations.

NATURE AND EXTENT OF SOUTH CAROLINA CLAYS

The kaolinitic clays of South Carolina are either residual, formed at
their place of origin in the Piedmont of the northwestern half of the
State, or sedimentary and confined to the Coastal Plain or southeastern
half of the State. The Tuscaloosa formation is the main source of
kaolinitic clays in the Coastal Plain. It forms the base of the Upper
Cretaceous and lies directly upon the old eroded surface of the Pied-
mont. It crops out as a band stretching across the central portion of
South Carolina with a northeast-southwest strike. The outcrop
ranges in width from about 5 miles in the southwest to 50 miles in the
northeast, the average width being 15 to 20 miles. (See pl. 1.)

GEOLOGIC CONDITIONS AFFECTING PROSPECTING

The season of the year in South Carolina best suited to geologic
reconnaissance and prospecting is winter or early spring. The country
1s then more open, and visibility is increased tenfold over that of
summer, when the luxuriant mat of shrubs and vines that covers the
ground and the heavy growth of leaves upon the trees not only mask
exposures that are easily visible from a distance in the spring but
impede walking.

Soil creep in South Carolina tends to conceal the formations. The
clay beds are lenticular and commonly end abruptly. The depth of
a bed is important. Boring by hand 25 to 30 feet deep is hard and
slow work, and the rate of boring decreases with depth. Good bodies
of clay thus discovered at depths of 30 feet or more at a given place:



48 " CLAY INVESTIGATIONS IN SOUTHERN STATES

are of little present economic importance unless topography favors
them elsewhere with less overburden. Thus the zone for prospecting
is narrowed, and unless the geologic relations involved are understood
needless expenditure of effort in selection of sites for testing follows.

The area of outcrop of the Tuscaloosa formation in South Carolina
is cut into three parts—northeast, central, and southwest, by the
Congaree and Wateree Rivers.

In all three areas the Tuscaloosa formation is composed almost
wholly of sands and fine conglomerates, the clay beds and lenses being
minor constituents. This is particularly true in the northeast seg-
ment, where, despite the great breadth of outcrop of the formation
no economic clay beds have so far been reported. White clayey beds
are also inconspicuous in this area, and it therefore seems likely that
little clay was originally deposited there. The central segment con-
tains deposits of good kaolin, but none are being worked now.- The
southwest segment contains an abundance of kaolin, and the only
mines from which kaolin is now being shipped are located there.
Most of the clay produced comes from Horse Creek and vicinity in
Aiken County. Prospectmg was confined to the southwesb segment
because of its greater promise of success.

METHODS OF PROSPECTING

Chance discovery.—Most of the discoveries of kaolin beds that have
subsequently led to the development of mines of economic importance
were made by chance. A reported observation in the woods by some
Negro, the plowing of a field, or the digging of a well have been the
initial causes for the opening up of more deposits than any direct
method of search. Such a discovery occurred in 1934, when a farmer
who had been living upon his land for over 50 years was forced to build
a fence for protection from stray cattle and in digging holes for fence
. posts discovered that his property was underlain by a thick bed of
good clay.
~ The primitive but still most satlsfactory method of prospectmtr and

sampling, especially where the clay beds lie at shallow depth, is to dig
a pit. A pit or trench exposes a broad face showing the characteristics
of the clay bed and affords more representative samples than can be
obtained by any of the drilling methods. A stratum of clay balls
would hardly be recognizable as such if prospected by the drill, but
preliminary drilling is desirable if the clay bed lies at depth or if its
position is in doubt.

Auger bit.—The auger-bit drill is perhaps the simplest, lightest, and
most economical equipment for prospecting clays overlain by uncon--
solidated deposits. It consists of & common 1- to 1%4-inch wood auger
bit braised to a section of %- to %-inch iron pipe, additional sections of
pipe attachable by common couplings, and a tee and crossbar for
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handling. Fine dry sand or a wet hole is difficult to drill without
«casing. Clays of high plasticity are hard to part from the bottom of
the hole, and it may require two men or even jacks to raise the bit
after it has been screwed into the clay. One man can drill a shallow
test, but two can do the work more easily and are essential where the
tests go below 15 feet. In a wet hole, after setting casing, loose sands
may be removed by a small improvised bailer. A tripod fitted with
tackle over the hole aids the handling of casing, bailer, and rods. By
.casing to the top of the clay very clean samples may be taken cheaply
by this method. The depth limit is arbitrary. Tests can be drilled
10 a depth of 100 feet or more by this method employing hand labor,
but usually where depth is a factor modern mechanical methods are
more satisfactory and economical.

Post-hole bit.—Drilling by means of the earth auger or post-hole bit
is essentially the same as the method described above. This bit con-
sists of two vertical curved blades cupped together at the bottom to
form a basket and provide cutting edges. By the use of these bits
larger holes are drilled and more sample is assured with apparently
the same amount of effort. There is, however, greater likelihood of
-contamination and a less coherent sample is recovered. In hard
ground where the application of pressure is necessary the bladestend to
flatten and become less effective. ,

Two men are needed to operate the drill. The equipment consists
-of a suitable number of 4%-foot lengths of %-inch heavy iron pipe and
.couplings, a bit and tee handle, and two pipe wrenches.

The auger or post-hole bit can cut only 8 to 10 inches of ground
before withdrawal for cleaning. Where the depth of the hole exceeds
15 to 20 feet the rods must generally be uncoupled to remove the bit.
However, a universal coupling has been devised which makes it
unnecessary to unscrew pipe joints. It consists of & double knuckle
joint, which permits the rods to be folded back upon themselves, and a
sleeve, which when dropped over the knuckle joints locks them in
place. (See pl. 3.)

Sand bucket and wash drill—Wells in coastal plain deposits are some-
times sunk by the sand bucket. The equipment consists of a tripod,
pulley, rope, and sand bucket. Drive pipe usually follows the bucket.
The sand bucket cannot be recommended as a tool for testing clays,
but water wells drilled by this method afford useful data on the position
and thickness of clay strata penetrated.

The simplest mechanical means for drilling wells is the wash drill, a
small portable outfit including a gasoline engine belted to a snubbing
pulley and a water pump. A fishtail bit lowered on rods washes down
the hole. Short jabbing movements of the bit aid in breaking up new
ground. The return water carries the cuttings to the surface, where
samples may be caught. This method provides no better samples
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than the hand methods described above. In fact, the hand methods
give more direct and more frequent recoveries from known depths.

Core barrel.—The core barrel, which provides a continuous and
undistorted section of the clay, may be used to advantage with
mechanical equipment. The type of core barrel or “drop bucket” in
use in South Carolina for sampling clay consists of a 2-inch steel tube
12 to 15 inches long, with a 1%-inch inside diameter. The bit end is bell-
mouthed or beveled, and the upper end is screwed to a socket fastened
to the rods. After this bit is lowered to the clay it is driven in, and a
section of clay is forced into the tube. Jacks are needed to raise the
bit, because the adhesive and cohesive forces of moist clay are often
such as to require a lifting force of several tons. If casing has been
set to the top of the clay bed, a very clean and satisfactory core is
recoverable. The sections are removed from the barrel by unscrewing
it from the socket and forcing out the core with a plunger. Slight
distortion occurs about the circumference of the clay but this part
may be trimmed off, for observation of the undisturbed inside portion.
Cavings may contaminate the upper end of the recovered core material.
Cores so recovered provide the best samples, but too much reliance
should not be placed upon an interpretation of a clay bed extrapolated
from single cores. (See pp. 41, 46, and 51.)

Geophysical prospecting.—So far as is known no modern methods of
geophysical prospecting have been applied to the search for clay in
South Carolina. The nature of the Tuscaloosa formation would seem
to make it particularly adaptable to prospecting by means of the
~ electrical resistivity method, as the clay lenses lie in a matrix of loose
sand. The coefficient of resistivity of the clay lenses must be consid-
erably different from that of the enclosing body of sand, and therefore
their detection below moderate thicknesses of overburden should
prove easy. The character of lenses of clay so detected can be tested
for quality only by drill sampling.

FIELD WORK

Field work in the summer of 1934 and spring of 1935 was confined
principally to the part of the Tuscaloosa formation lying between
Columbia, S. C., and Augusta, Ga. A review of the literature and a
brief preliminary field investigation had shown that the Tuscaloosa
contained far more clay west of the Congaree River than east of it.
Accordingly in July, August, and September, 1934, 56 boring tests
were made in Aiken, Edgefield, and Lexington Counties. These
borings ranged in depth from a few feet to more than 40 feet, and the
total footage drilled was 955 feet.

J. P. Nolting, Jr., served as field assistant during this period and
had immediate charge of the drilling crew of two men. In the spring
of 1935 the writer mapped and studied without assistance the clay
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beds of chief economic interest and through the kindness of the Huber
Corporation was enabled to make a drill test through the Tuscaloosa
formation. The results of the hand borings are tabulated on pages
52-61 of this report. Their locations are shown on plates 1 and 2
and figures 4-8.

RECORD OF PROSPECTING TESTS

Tests 1 to 4—Four test holes were drilled by the post-hole method
on the B. C. Weber property in the Oak Grove district, McTier
Township, Aiken County, 1.2 miles east of the Wagener-Batesburg
highway, on the road to the old Edisto clay mine, which is 2 miles
farther east. (See pl. 1.) The work was done at the suggestion of
Claude Carter, who, with Mr. Weber, stated that, in sinking a water
well, 20 feet of good clay had been encountered 14 feet below the
surface. The first test was made across the road from the house to a
depth of 25 feet without encountering any indication of clay. A
second test 120 feet north of the water well and topographically lower
was drilled 25 feet without sign of clay. The third test, drilled 225
feet north of the house, encountered water and caved so badly that it
was necessary to abandon the test at 11 feet without finding clay.
The fourth hole was sunk 12 feet north of the water well to a depth of
20 feet without trace of clay, the bit samples showing pale-buff to
brown sands. A pit dug 6 feet deep and tested with an auger bit to
17 feet some 280 feet east of the water well revealed no indication of
clay.

From the character of the bit cuttings it is inferred that the tests
were made in the Barnwell formation, the Tuscaloosa not having been
encountered. Kaolinic clays may underlie the area tested, but the
amount of overburden suggested by the borings would preclude
economic development for the present.

" Tests & to 56.—In the following table only those tests are described
which yielded showings of clay.
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GEOLOGICAL SURVEY BULLETIN 901 PLATE 3

DRILL-ROD KNUCKLE JOINT.

A, Knuckle joint with sleeve in place ready for drilling. The sleeve automatically falls into place and locks
the rods when both sections are straightened and lowered into the hole.

B. Sleeve raised. exposing knuckle joints and permitting upper section of the rods to be folded back.

C, Upper section folded back into position against the lower section for removal of the bit from the test hole.
This joint makes it unnecessary to disconnect the rods in drilling deep test holes.
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62 CLAY INVESTIGATIONS IN SOUTHERN STATES

Summary of prospecting tests.—Of the 56 prospecting tests 3 were
less than 5 feet deep, 9 were between 5 and 10 feet, 11 from 10 to 15
feet, 15 from 15 to 20 feet, 12 from 20 to 25 feet, 3 from 25 to 30 feet,
and 3 more than 30 feet. Of the total, 10 were bottomed in clay and
presumably might have yielded greater thicknesses of that material;
45 were bottomed in sand, and 1 iri conglomerate. Twenty of the
tests revealed less than 2 feet of clay, 8 showed thicknesses between 2
and 5 feet, 12 between 5 and 10 feet, 5 between 10 and 15 feet, 4
between 15 and 20 feet, and 7 more than 20 feet. Seven of the tests
were made in active or old clay pits. . Much of the clay exposed in
these tests was gritty and more or less colored. A few give promise of
suitability for use in the rubber industry, especially Nos. 6 and 10.

CERAMIC TESTS
SELECTION OF SAMPLES

In order to provide informationn that would serve as a basis for
comparison of the ceramic characteristics of different South Carolina
kaolins, a suite of samples was taken from the more important and-
accessible sources of clay and was sent to the Ceramics Department of
the Georgia School of Technology at Atlanta, Ga., Prof. A. V. Henry
in charge, for test. In all 31 samples were collected, 3 of which
(A, B, C, pl. 2) represent residual clays from the Piedmont of Edgefield
County, and the remaining 28 provide a representative cross section
of the Tuscaloosa clay deposits of South Carolina. They were inten-
tionally taken from outcrops and mine faces rather than from drilled
samples, so that the localities may be reexamined and resampled at
any time without undue inconvenience.

In selecting samples for test precautions were taken to obtain aver-
age representative material without special selection or hand sorting.
The samples ranged in weight from 35 to 90 pounds

A description of the procedure followed in running tests on the
clays under the direction of Professor Henry is given below, together
with the test data supplied by him for the different samples.

PROCEDURE

Thirty-one samples of South Carolina kaolin were received at the
laboratory. These (with the exception of Piedmont Nos. 1, 2, and 3)
were ground in a roll crusher to pass 16 mesh. The Piedmont clays,
owing to coarse accessory minerals, were ground to pass coarser
screens (Piedmont No. 1 through 4 mesh and Nos. 2 and 3 through 8
mesh). .

Ten bars of each clay, 1% inches in diameter and 6 inches long were
formed in an extrusometer (cylinder with plunger and tapered die).
Shrinkage, water of plasticity, and dry modulus of rupture were deter-
mined from these bars.
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Slaking was measured on a crude lump of clay cut to a cube approxi-
mately 5 grams in weight. Settling was noted on the same sample
shaken in a test tube with 900 percent of water.

A 200 gram sample of each clay was disintegrated in a jar miil for 1
hour with rubber balls, using 800 percent of water. The sample was
transferred to a standard 200-mesh screen and washed with a fine
spray of water. The residue was dried, weighed, and reported as per-
cent of original sample. In describing the residue the letters A and T
were suffixed to a mineral to denote abundance and trace respectively.

The suspension containing the fines was evaporated to dryness and
the clay ground to pass 20 mesh. A part of this was mixed with water
and pressed into a plaster mold forming a disk 2} inches in diameter
and three-eighths inch thick. This was removed from the mold
after formation and marked for shrinkage.

A successful whiteware body composition was chosen, and the
Georgia kaolin content replaced by each of the sample clays. This
gave the following composition: ' :

Original Test white-
whiteware ware (per-
- (percent) cent)

G*1 (hard KA0IN) . . oo oo e mmmm e —am
Sandersville, Ga.. ... -
‘Test clay (South Carolina)....................
Lamonti (North Carolina primary kaolin)
Florida plastic kaolin..___..___. -
Kentucky 0. M. No. 4 (ball elay) .o aiiaas
ll;rlqrtéh Carolina hard spar...... SR

11 11 U Y

The base of the whiteware was ground as a thin slip and the test
clay added with half an hour blunging. This slip was poured into
plaster molds and when sufficiently dry was pressed into disks, as
was done with the pure clay. Disks of both clay and the whiteware
body were fired in a gas-fired kiln in saggers. The kiln was fired to
cone 9 (in sagger) in 21 hours with a 5-hour soaking period. All
shrinkages were calculated on the plastic basis.

The properties of the original whiteware body which contained
Georgia kaolin are given below. Those of the South Carolina
clays tested are given in the following descriptions of the respective
samples. . :

Clay disks. G* 1: Sandersville as 1:1.4. Drying shrinkage, 3.2 percent; drying
behavior, no cracks; firing shrinkage, 11.6 percent; firing behavior, no cracks.

Whiteware disks.—Original body as noted in procedure. Drying shrinkage, 2.8

percent at cone 9; firing shrinkage, 9.0 percent; absorption, 4.8 percent; fired
appearance, good white color.
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TESTS

The following list shows the locations from which the 31 samples
used for ceramic tests were obtained. (See pl. 2.)

1. United Clay Mines Corporation, Daniels pit.

2. Killian pit, near Columbia.

3, 4. Lexington Clay Mines, Inc., Edmund.

5, 6. Edisto Kaolin Co., eastern Aiken County.

7. Reddy test pit, eastern Aiken County.

8. Southeastern Clay Co., Piper pit.

9. Southeastern Clay Co., Gunter pit.

10. Southeastern Clay Co., Morris pit.

- 11. Southeastern Clay Co., China Spring pit.

12. Toole pit, Bridge Creek.

13. Huber Corporation, Graniteville mine.

14. Huber Corporation, Richardson pit.

15. Huber Corporation, Harrigal pit.

16. Huber Corporation, clay balls, Harrigal pit.

17, 18. Immaculate Kaolin Co., pit.

19. Immaculate Kaolin Co., drill test in pit.

20. North American Clay Co., Continental pit.

21-23. J. R. Parker, Chicora pit.

24. North American Clay Co., Harmon pit.

25. Old Parker pit.

26. Huber Corporation, Alum pit.

27. South Carolina Clay Co., mine.

28. North American Clay Co., McNamee mine.

- 29. Piedmont No. 1, Warrenville quadrangle.

30. Piedmont No. 2. '

31. Piedmont No. 3. '

Sample 1.—The United Clay Mines Corpora,tlon, of Trenton, N. J., was at one
time known as the Interstate Clay Co. and the G. B. Daniels Kaolin Co Horrell
Hill, Richland County, 12 miles southeast of Columbia, S. C. The sa.mple was
taken from the upper 2 feet of the 8- to 10-foot clay bed in the north wall of the
clay pit, from which the incline ascends to the clay plant. The lower 6 to 8 feet
of clay is now under water. The drainage.is poor and flows eastward into Cedar
Creek. The clay is covered by an overburden which in the unstripped portion
amounts to 40 feet and consists of 30 feet of variegated Tuscaloosa clayey sands
and 10 feet of Pleistocene gravel. The kaolin is a very white, clean, fine-textured
clay, which is reported to become reddish at the base. The mine was opened in
1916, and operations were suspended in 1932. In 1924 a tornado did considerable
damage to the plant equipment. The bulk of the output was supplied to the
paper trade, but some of it has also entered the rubber and pottery industries.
The deposit is an outcropping lens of clay along the west bank of Cedar Creek.
Much of the clay near the surface has been mined out, and an increasirg overbur-
den is a serious menace to future operations.

Appearance of sample, all good hard white lumps; grinding, fairly easy; plas-
ticity, fairly good, mealy; extrusion, fairly easy; lamination, none; water of plas-
ticity, 33.8 percent; drying shrinkage, 4.1 percent; dry modulus of rupture, 45
pounds to the square inch; drying behavior, no cracking, slight warping; slaking,
split to 3-mesh lumps in 4 minutes; settling, no slaking; ground color, fair white;
residue on 200 mesh, 0.38 percent; na,ture of residue, clay (A), muscovite, hematite
(T).
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Clay disks: Drying shrinkage, 2.6 percent; dryiné behavior, no cracking; firing
shrinkage, 12.2 percent; firing behavior, cracked.

White-ware disks: Drying shrinkage, 2.6 percent; firing shrinkage at cone 9
8.6 percent; absorption, 5.2 percent; fired appearance, good white color.

Sample 2—Xillian pit, 3 miles by road and trail east of Killian, which is 12 miles
northeast of Columbia, S. C., on the Southern Railway. Here 40 feet of variegated
clay crops out high on the northwest bank of a ravine affording excellent drainage.
A crescent-shaped pit over 500 feet long and 100 feet wide has been excavated.
The clays are gritty, micaceous, variegated, and badly stained red. Good fire-
bricks are reported to have been made from these clays; the kilns are on the east
side of the Southern Railway tracks at Killian and are now being dismantled.
The pit is reported to have been abandoned 15 years ago. The clay bed is capped
by a thick limonite shell which is overlain by two strata of white to buff coarse
cross-bedded Tuscaloosa sands, each about 20 feet thick. Immediately -below
the Jimonite cap is 2 to 3 feet of grayish-white mealy-textured kaolin, from which
the sample for test was taken. It includes locally ocher—,purp]e-, and magenta-
stained clays.

Appearance of sample, fair white lumps, off color on the gray side, numerous
small brown stains; grinding, easy; plasticity, fair; extrusion, fairly easy; lami-
nation, some; water of plasticity, 37.3 percent; drying shrinkage, 5.1 percent;
dry modulus of rupture, 36 pounds to the square inch; drying behavior, very slight
cracking and warping; slaking, completely disintegrated in 1 minute 10 seconds;
settling, milky suspension settled in 19 minutes, leaving slightly cloudy liquid,
clear after 25 minutes; ground color, poor white, buff cast; residue on 200 mesh,
6.77 percent; nature of residue, quartz (A), muscovite.

Clay disks: Drying shrinkage, 4.2 percent; drying behavior, good, sllght; warp-
ing; firing shrinkage, 8.8 percent; firing behavior, no cracking, slight warping.

White-ware disks: Drying shrinkage, 3.8 percent; firing shrinkage at cone 9,
8.6 percent; absorption, 2.4 percent; fired appearance, poor white body, yellow
cast, cracked in firing.

Sample 3 —Lexington Clay Mines, Inc.; Edmund, 8. C., with offices in Colum-
bia, 8. C. The plant and mine are on the northwest bank of Hunt Branch of
Secorid Creek, which drains into Congaree Creek and is approximately 2 miles
southeast of Edmond, on the Southern Railway. The clay bed is more than 100
feet Jower than the railroad tracks at the station (Elev. 461 feet). The overburden
consists of coarse cross-bedded micaceous sands, containing prominent brown iron
seams and occasional black organic bands. The lower portion of the over-
burden above the clay is unquestionably Tuscaloosa and may constitute the entire
gection, as no Barnwell deposits were recognized during a cursory examination.
The position of the clay bed about midway along the slope of the ravine provides
an excellent opportunity for drainage, but the inclination of the slope is such that

"the cost of removal of overburden will mount rapidly and soon prevent mining
operations. Another unfortunate factor is that the kaolin of commercial grade
is overlain by a slightly gritty and discolored clay. If this discolored clay,
which is usually about 7 feet thick, can be utilized, it will permit a more extensive
mining of the clay bed. The cost of removing unusable clay usually exceeds
many times that of removing unconsolidated sandy overburden. The clay bed
is reported to have a thickness of 25 feet. Mining operations have so far been
confined to and extend along 500 to 600 feet of outcrop. Very little overburden
has so far been removed. Sample 3 came from a point 300 feet southwest of the
plant and 12 feet below the top of the clay bed. The kaolin is creamy to pale buff
when wet but bleaches to a slightly grayish white. It is fine-textured and breaks
with a broad, smooth conchoidal fracture. It contains mica and quartz spar-
ingly. Such iron stains as occur are easilyl trimmed out.
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- Appearance of sample, good white lumps, somewhat hard; grinding, easy;
plasticity, fair, slightly mealy; extrusion, fairly easy; lamination, slight; water of
plasticity, 33.6 percent; drying shrinkage, 3.7 percent; dry modulus of rupture,
41 pounds to the square inch; drying behavior, no cracking, some warping;
slaking, cracked to 3-mesh lumps in 2 minutes; settling, no slaking; ground color,
poor white; residue on 200 mesh, 0.39 percent; nature of residue, clay (A), mus-
covite (A), hematite (T).

. Clay disks: Drying shrinkage, 2.8 percent; drying behavior, slight cracking;
firing shrinkage, 11.2 percent; firing behavior, cracked.

White-ware -disks: Drying shrinkage, 2.6 percent; firing shrinkage at cone 9,
9.2 percent; absorption, 5.2 percent; fired appearance, good white color.

Sample 4.—Lexington Clay Mines, Inec., Edmund, S. C. This sample came
from the same locality as sample 3, but from the banded and red to magenta
zone 5 feet below the top of the clay bed. The bands are ¥ to 1 inch wide, hori-
zontal, and apparently due to a rhythmical secondary accumulation of iron in
the clay. .

Appearance of sample, lumps badly stained red; grinding, fairly easy; plasticity
good; extrusion, easy; lamination, some; water of plasticity, 37.8 percent; drying
shrinkage, 4.8 percent; dry modulus of rupture, 39 pounds to the square inch;
drying behavior, slight warping, no cracking; slaking, 1% minutes to fine grains;
settling, milky suspension became cloudy after 1% minutes and was clear after
1% hours; ground color, pink; residue on 200 mesh, 2.17 percent; nature of residue,
quartz (A), muscovite (A), hematite, limonite (T).

Clay disks: Drying shrinkage, 4.8 percent; drying behavior, badly cracked;
firing shrinkage, 12.4 percent; firing behavior, badly cracked. '

White-ware disks: Drying shrinkage, 3.4 percent; firing shrinkage at cone 9,
9.2 percent; absorption, 4.3 percent; fired appearance, extremely poor, speckled
by iron.

Sample 5.—Edisto Kaolin Co.’s mine is high on the west bank of the North
Fork of the Edisto River and 3 miles east of the Monetta-Wagener road (route 39),
Aiken County. (See fig. 4.) . This mine at one time supplied a large tonnage of
clay, but the abandonment of the Leesville-Perry branch of the Southern Railway
seriously handicapped transportation facilities by leaving the mine 15 miles
distant from a railroad. The mine has not been in operation for several years.
Another difficulty confronting future mining is the rapidly mounting thickness
of overburden. The clay bed is overlain by 30 feet of Tuscaloosa cross-bedded
sands. Above the Tuscaloosa is a progressively increasing thickness of Barnwell
sands, the thickness depending upon the distance from the original outcrop slope.
The clay bed is 20 to 25 feet thick. (See tests 50 to 54.) The upper 10 feet is of
economic value but contains some grit and locally carries hard inclusions of
limonite and limonite stains which must be removed by trimming and selection.

A pocket of micaceous clay is enclosed in the exposed clay body. This sample

came from the upper 2 feet of the clay face in the northeast corner of the mine.
The chunks of kaolin were given such trimming as they would normally receive
in mining practice.

Appearance of sample, all good white and somewhat hard lumps; grinding,
fairly easy; plasticity, very good; extrusion, easy; lamination, very slight; water
of plasticity, 44.6 percent; drying shrinkage, 2.79 percent; dry modulus of rupture,
98 pounds to the square inch; drying behavior, good, slight warping and no
cracking; slaking, 1% minutes to fine grains; settling, milky suspension became
cloudy after 2 minutes and was clear after 25 minutes; ground color, fairly good;
residue on 200 mesh, 0.12 percent; nature of residue, clay (A), quartz, hematite (T).

Clay disks: Drying shrinkage, 5.0 percent; drying behavior, cracking; firing
shrinkage, 13.4 percent; firing behavior, slight cracking,
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FI1GURE 4.—Sketch map of the Edisto Kaolin Co.’s mine, showing location of tests 50~54 and ceramic samples
5 and 6.
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White-ware disks: Drying shrinkage, 4.4 percent; firing shrinkage at cone 9,
9.6 percent; absorption, 4.7 percent; fired appearance, good white color.

Sample 6.—Edisto Kaolin Co., Aiken County. (See fig. 4.) Sample taken
from the southwestern face of the mine, in a later excavation not completely mined
out, 3 feet below the top of the clay. Surfaces trimmed to remove the more
obvious limonite inclusions.

Appearance of sample, all good white, somewhat hard, Jumps; grinding, easy;
plasticity, good, but sticky; extrusion, easy; lamination, slight; water of plasticity,
46.3 percent; drying shrinkage, 3.2 percent; dry modulus of rupture, 77 pounds
to the square inch; drying behavior, good, with no cracking and slight warping;
slaking, 2% minutes to fine grains; settling, milky suspension became cloudy
‘after 2 minutes and was clear after 25 minutes; ground color, good white, grayish
cast; residue on 200 mesh, 0.09 percent; nature of residue, clay (A), quartz,
hematite (S).

Clay disks: Drying shrinkage, 5.0 percent; drying behavior, slight cracking;

firing shrinkage, 13.2 percent; firing behavior, slight cracking.
" White-ware disks: Drying shrinkage, 2.8 .percent; firing shrinkage at cone 9,
" 8.2 percent; absorption, 4.9 percent; fired appearance, very good white body.

Sample 7—Reddy test pit. The clay bed exposed in the Edisto mine continues
southwestward, crossing beneath the Monetta-Wagener highway where it has
been lately uncovered on the Reddy property, about half a mile southwest of the
Reddy farm house. Tests pits were dug in the spring of 1935, exposing a thick
body of clay which in physical appearance presented characteristics very similar
to the clays of the Edisto mine. The sample was selected from a point 5 feet
below the top of the clay bed, where the best grade of clay so far exposed was
found. The upper part shows staining. Although the deeper clays bleach to a
beautiful white, they revert to a pale buff when moistened. As the clay accessible
for sampling lay near the eroded outcrop, the sample may not be a fair representa-
tive of the clay body deeper beneath the overburden, especlally with respect to
color.

Appearance of sample, fair white lumps ; no stains but off color on the buff side;
grinding, very easy; plasticity, fairly good; extrusion, easy; lamination, some;
water of plasticity, 41.2 percent; drying shrinkage, 4.3 percent; dry modulus of
rupture, 16 pounds to the square inch; drying behavior, bad lateral cracking and
bad warping; slaking, completely disintegrated in 1 minute; settling, milky sus-
pension settled in 15 minutes, leaving slightly cloudy liguid; clear after 30 minutes;
ground color, poor white, buff cast; residue on 200 mesh, 0.25 percent; nature of
remdue, muscovite (A), quartz.

_ Clay disks: Drying shrinkage, 3.0 percent; drymg behavior, good, no cracking;
firing shrinkage, 11.0 percent; firing behavior, slightly cracked.

White-ware disks: Drying shrinkage, 2.4 percent; firing shrinkage, at cone 9, 10.0
percent; absorption, 2.4 percent; fired appearance, fair white body, cracked in firing.

Sample 8.—Southeastern Clay Co., Aiken County. Plant at Croft, on the east
bank of Shaw Creek, served by the branch line of the Southern Railway from

. Aiken to Trenton. The plant is not situated by a clay mine but is supplicd with
kaolin trucked in from pits within a radius of 5 miles. The Piper pit, from which
this sample of kaolin was obtained, is at the head of Little Branch, a tributary of
the South Fork of the Edisto River, and an eighth of a mile east of the Columbia,
Highway (U. 8. 1). (See fig. 5.) Théclay bed is 12 fect thick, variably gritty to
gritless, stained buff to pinkish purple, and breaks into bladed chunks with a
crumbly surface. It is overlain by 20 feet of reddish to pale-buff Barnwell
sands. The sample was taken from the center of the south wall of clay in the pit.
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Appearance of sample, white lumps with some light-brown stains; grinding,
eagy; plasticity, fair but mealy; extrusion, fairly easy; lamination, none; water
of plasticity, 39.5 percent; drying shrinkage, 3.5 percent; dry modulus of rupture,
54 pounds to the square inch; drying behavior, no cracking and very slight
warping; slaking, none; settling, no slaking; ground color, poor white; residue on
200 mesh, 0.95 percent; nature of residue, clay (A), quartz, hematite (T).

Clay disks: Drying shrinkage, 3.2 percent; drying behavior, cracked; firing
shrinkage, 18.6 percent; firing behavior, cracked. .

White ware disks: Drying shrinkage, 4.4 percent; firing shrinkage at cone 9,
8.8 percent; absorption, 4.0 percent; fired appearance, poor white color.

Sample 9.—Southeastern Clay Co., Gunter pit, on property of B. Gunter,
three-quarters of a mile east of the Columbia Highway (U. S. 1) on the east side

Barnwell

.

COLUMBIA-AINKEN HIGHWAY

5 MILES TO SOUTHEASTERN CLAY CO. PLANT

100 -0 100 200 FEET
[N T T S N ! I

FIGURE 5.—Sketch map of the Southeastern Clay Co.’s Piper pit, Aiken County, S. C., showing location of
ceramic sample 8.

of the upper reaches of Bradley Mill Branch, about 6 miles north of Aiken,
(See fig. 6.) The pit was first opened in March 1934 and at the time the clay bed
was sampled was but 45 feet wide. The maximum exposed thickness of the clay
is 15 feet. The clay is very free of grit and is stained buff to purplish with occa-
sional nodules of iron oxide. It has a bladed structure, breaks with a rough sur-
face, and has a greenish cast when moist but bleaches out white. The clay bed is
variable in thickness and is overlain by Barnwell sand 4 to 12 feet thick.
Appearance of sample, good white lumps with slight yellow stains; grinding,
easy; plasticity, fair; extrusion, easy; lamination, none; water of plasticity, 44.3
percent; drying shrinkage, 3.5 percent; dry modulus of rupture, 88 pounds to the
square inch; drying behavior, slight cracking but no warping; slaking, to 8-mesh
lumps in 2% minutes; settling, became slightly cloudy and cleared in 10 mintutes;

ground color, poor white; residue on 200 mesh, 0.23 percent; nature of residue,
clay (A), quartz, iron oxide.
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" Clay. disks: Drying shrinkage, 4.0 percent; drying behavior, cracked; firing.
shrinkage, 16.4 percent; firing behavior, fair.

White-ware disks: Drying shrinkage, 4.0 percent; firing shrinkage at cone 9,
9.0 percent; absorption, 4.9 percent; fired appearance, poor white color.

Sample 10.—Southeastern Clay Co., Morris pit, on the west bank of the upper
end of Bridge Creek, 1 mile west of the Edgefield road and 5 miles north of Aiken.
The clay outerop occurs about midway on the slope of the valley. A pit 190 feet
long and 55 feet wide has been opened up. The clay bed is 514 feet thick and is
covered on the high side by 16 feet of Barnwell sand. (See test 55, p. 61.) The
clay shows a bladed structure, is variably stained buff to pinkish, and contains
some grit and mica. When dry the clay bleaches to a very clear white. Prac-
tically all of the clay bed is usable, with the exception of variable coarse grit
inclusions at the top and 6 inches of clay at the base, which is discolored and
micaceous.

Appearance of sample, good white lumps with slight brown stains; grinding,
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FIGURE 6.—Gunter pit, Southeastern Clay Co., near Aiken, 8. C., showing unconloi'mity of Eémwell sand
on clay of Tuscaloosa age.

easy; plasticity, fairly good, mealy; extrusion, fairly easy; lamination, very little;
water of plasticity, 44.1 percent; drying shrinkage, 5.1 percent; dry modulus of
rupture, 68 pounds to the square inch; dry behavior, very good, no cracking or
warping; slaking, 3}¢ minutes to fine grains; settling, milky for 2 minutes, cloudy
for 30 minutes; ground color, poor white; residue on 200 mesh, 0.42 percent;
nature of residue, clay (A), quartz (A), muscovite (A), iron oxide (T).

Clay disks: Drying shrinkage, 4.4 percent; drying behavior, cracked; firing
shrinkage, 11.8 percent; firing behavior, cracked.

White-ware disks: Drying shrinkage, 6.4 percent; firing shrinkage at cone 9,
8.8 percent; absorption, 5.1 percent; fired appearance, fair white color.

Sample 11.—The China Spring bed of clay occurs in a stream valley tributary
to Bridge Creek in which is located old China Spring Church, 3 miles north of
Aiken and three-quarters of a mile west of the Edgefield road. (See fig. 7.)
The clay crops out on both sides of the ravine, but extensive mining in the past
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has been confined to the north bank. The pit is now abandoned but was recently
worked by the Southeastern Clay Co. The clay possesses many good qualities
but is slightly too gritty for direct commercial use. The north wall of the pit
supports an overburden of 40 feet of sand. The upper 7 feet of clay is gritty,
whitish to buff, and iron-stained, beneath which is 1 foot of purplish gritty mica-
ceous clay. This is underlain by a very white fine-textured kaolin, 6 feet of which
is exposed at the bottom of the pit. The sample represents this bottom bed of
white clay.

Appearance of sample, good white lumps, very little stain; grinding, easy;
plasticity, fair but mealy; extrusion, difficult; lamination, very little; water of
plasticity, 33.5 percent; drying shrinkage, 3.8 percent; dry modulus of rupture,
33 pounds to the square inch; drying behavior, slight warping, no cracking;
slaking, none except that corners ruptured; settling, no slaking; ground color,
poor white; residue on 200 mesh, 1.89 percent; nature of residue, clay (A), quartz
(A), muscovite (A). '

Clay disks: Drying shrinkage, 2.4 percent; drying behavior, slight cracking;
firing shrinkage, 12.6 percent; firing behavior, very badly cracked.

White-ware disks: Drying shrinkage, 2.4 percent; firing shrinkage, at cone 9,
9.4 percent; absorption, 4.6 percent; fired appearance, extremely good white color.

Brown’ clay

Ceramic sample

noll “Purple cla
CLAY PIT >/ . P 4
% White clay

White clay

Ll
°|SJ||||||||°| IOIOFeet

o 2s Feet
Vertical scale

Fi1GURE 7.—Sketch map and section of China Spring clay pit, Southeastern Clay Co., showing location
of ceramic sample 11. :

Sample.12.—Toole pit. A very colorful outerop of clay occurs across the Aiken-
Vaucluse highway near a junction point a quarter of a mile east of Bridge Creek.
The clay outcrop is traceable northward for some distance along the slope and
has been worked at various times for many years past, original excavations dating
back to Civil War days. Recently a new pit was opened up by the Southeastern
Clay Co. between the two connecting roads. The clay lens is variable in thickness
but may amount to 25 feet.or more. It is also variably gritty and micaceous,
and, unfortunately, as at China Spring, the better grade of clay is overlain by dis-
colored and gritty clay. The upper portion is predominately buff but includes
clay of very striking pinkish and rose red to purplish hues. The sample was
selected from a seam of white clay in the new pit.

Appearance of sample, all good white lumps; grinding, fairly easy; plasticity,
fair, slightly mealy; extrusion, fairly easy; lamination, slight; water of plasticity,
41.2 percent; drying shrinkage, 4.1 percent; dry modulus of rupture, 52 pounds
to the square inch; .drying behavior, slight warping, cracked; slaking, split to
3-mesh lumps in 5 minutes; settling, practically no slaking, faintly cloudy for

66911—40——6
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5 minutes; ground color, poor white; residue on 200 mesh, 1.17 percent; nature of
residue, muscovite (A), clay, hematite (T).

" Clay disks: Drying shrinkage, 2.2 percent; drying behavior, slight cracking;
firing shrinkage, 12.0 percent; firing behavior, cracked.

White-ware disks: Drying shrinkage, 2.8 percent; firing shrinkage at cone 9,
8.6 percent; absorption, 4.8 percent; fired appearance, good white color.

Sample 13.—Graniteville mine, Huber Corporation. This mine is 2 miles in'a
westerly direction from either Graniteville or Warrenville, on the divide between
Horse Creek and Little Horse Creek. (See fig. 8.) A plant for drying, grinding,
air cleaning, and bagging the clay has been constructed at the mine site, which
isto the north across the road from the old Sterling Clay Co. mine, now abandoned.
This property has been .extensively mined, and recently additional stripping has
exposed to view 40,000 square feet of clay surface. The clay ranges from a knife
edge to 35 feet or more in thickness. It also varies in grit content, but the color
remains fairly uniform and is a whitish to pale buff variably stained buff and pink-
ish. The clay is tough and crumbly with a bladed structure and along with the
Piper clay (see p. 68) represents the finest rubber clays to be found anywhere in
the eastern Coastal Plain. Much of the variation in thickness of the bed is a
result of post-Tuscaloosa erosion. From 20 to 35 feet of Barnwell sand overlies
the clay bed in the new pit. The sample was taken from the center of the clay
face being mined in the western part of the new pit.

Appearance of sample, good white lumps with considerable brown staining;
grinding, fairly easy; plasticity, very good; extrusion, easy; lamination, slight;
water of plasticity, 41.6 percent; drying shrinkage, 4.3 percent; dry modulus of
rupture, 61 pounds to the square inch; drying behavior, cracking with slight warp-
ing; slaking, 4}¢ minutes to coarse grains; settling, formed slightly cloudy suspen-
sion which cleared in 12 minutes; ground color, poor white; residue on 200 mesh,
0.78 percent; nature of residue, clay (A), quartz (A), hematite (T).

Clay disks: Drying shrinkage, 5.0 percent; drying behavior, no cracking; firing
shrinkage, 18.2 percent; firing behavior, slight eracking.

. White-ware disks: Drying shrinkage, 4.0 percent; firing shrmkage, at cone 9,
9.4 percent; absorption, 4.3 percent; fired appearance, poor white color.

Sample 14—Richardson pit. This is 2 new pit opened up in the spring of 1935
by the Huber Corporation at the head of Town Creek, half a mile south of the
Pine Log road. The clay is transported by truck to either the Langley or the
Graniteville plant of the Huber Corporation for processing. The clay crops out
at the surface and was truncated during valley erosion, and as a result the initial
opening of the pit required the removal of only an insignificant amount of surface
covering. There is. 12 feet of usable clay exposed. It has a-grayish to buff-cast
and is variably stained, a tough crumbly clay that requires shooting to prepare
it for loading. It is quite free of grit and bleaches white with a slight grayish cast.

Appearance of sample, fair white lumps, grayish cast, no segregated stains;
grinding, very easy; plasticity, fair, very mealy; extrusion, fairly easy; lamination,
slight; water of plasticity, 37.5 percent; drying shrinkage, 4.1 percent; dry modu-
lus of rupture, 25 pounds to the square inch;drying behavior, very slight warping
and cracking; slaking, slaked to 8 mesh lumps in 5 minutes 30 seconds; settling:
milky suspension settled in 12 minutes, leaving slightly cloudy liquid; clear after
1 hour 30 minutes; ground color, fair white, buff cast; residue on 200 mesh, 0.1
percent; nature of residue, clay (A), quartz, muscovite, hematite.

Clay disks: drying shrinkage, 3.0 percent; drying behavior, bad warping,
slight cracking; firing shrinkage, 17.0 percent; firing behavxor, cracked, badly
warped.
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White-ware disks: Drying shrinkage, 3.6 percent; firing shrinkage at cone 9,
9.0 percent; absorption, 2.0 percent; firing appearance, poor white body, yellow.
cast, badly cracked. i ’

Sample 15.—Clara Harrigal pit. This pit was uncovered by the Huber Cor-
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poration in the'spring of 1935. It is:near:the head of Town Creek, on the east
bank less than a mile south of the Richardson pit. It isa continuation southward
of the clay bed exposed in the Richardson pit. Test 46 penetrated this same bed
south of the Harrigal pit. This clay also crops out, and at present a 10-foot face
is exposed, which had been carried back less than 20 feet into the body of clay at
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the time of sampling. The clay is very similar to the Richardson material. It
is pale buff where moist but dries to a slightly grayish white and most of the
discoloration bleaches out. Like other rubber clays, it makes up into a far better
finished product than would appear probable when the crude product in the mine is
seen. It is a tough bladed clay breaking with a hackly surface. Under the
influence of a drenching rain a freshly mined face of clay crumbles into a coarse
- talus, a habit that seems to be characteristic of clay suitable for rubber.

Appearance of sample, fair white lumps; buff cast, brown stains; grinding, very
easy; plasticity, fair, mealy; extrusion, fair; lamination, slight; water of plasticity,
41.0 percent; drying shrinkage, 5.2 percent; dry modulus of rupture, 21 pounds
to the square inch; drying behavior, slight lateral cracking, very slight warping;
slaking, completely disintegrated in 45 seconds; settling, milky suspension settled
in 11 minutes, leaving slightly cloudy liquid; clear after 35 minutes; ground color,

fair white, buff cast; residue on 200 mesh, 0.05 percent; nature of residue, clay -

(A), quartz (A), muscovite, hematite.

Clay disks: Drying shrinkage, 5.2 percent; drying behavior, slight warping

and cracking; firing shrinkage, 17.0 percent; firing behavior, cracked, warped.

White-ware disks: Drying shrinkage, 2.8 percent; firing shrinkage at cone 9,
8.2 percent; absorption, 2.2 percent; fired appearance, poor white body, yellow
cast, badly cracked.

Sample 16.—Harrigal pit, Town Creek. Within the sands overlying the
Harrigal clay pit are balls of clay of various sizes and kinds. The occurrence of clay
balls is not uncommon in the upper part of the Tuscaloosa and occasionally
in the Barnwell. These clay balls originated as a result of erosion of clay beds
previously deposited and are intraformational conglomerates. As a result the
texture and quality of the clay in each ball varies in accordance with the type of
clay bed from which it was derived. A’ gritty clay ball may be lodged against
one that is highly micaceous, which in turn may be in contact with one of the
cleanest and finest of clays. The outstanding feature of these clay balls is their
whiteness, which is probably due to the leaching effect of acid ground waters.
The outer surface of many of the balls is impregnated with sand grains picked up
in transit, and the very soft balls have had grit and brown clay inclusions rolled
into them. The following ceramic test is that of a 15-inch clay cobble as nearly
representative of the balls as could be selected. It is possible to find all variations
of types of clay. .Color seems to be the only feature that does not vary. Some
clay balls were found of a whiteness, fineness of texture, and plasticity unlike
those of any of the clay beds examined.

Appearance of sample, very good white lumps, but with some brown stains
and some fine grit; grinding, very easy; plasticity, poor; extrusion, fair; lamina-
tion, bad; water of plasticity, 39.8 percent; drying shrinkage, 4.6 percent; dry
modulus of rupture, 10 pounds to the square inch; drying behavior, no cracking,
slight warping; slaking, completely disintegrated in 40 seconds; settling, milky
suspension settled in 18 minutes, leaving clear liquid; ground color, very good
white; residue on 200 mesh, 1.73 percent; nature of residue, muscovite (A), quartz,
clay. ) )

Clay disks: Drying shrinkage, 2.6 percent; drying behavior, good; firing shrink-
age, 7.4 percent; firing behavior, very slightly cracked.

White-ware disks: Drying shrinkage, 2.8 percent; firing shrinkage at cone 9
10.0 percent; absorption, 3.2 percent; fired appearance, fair white body, slightly
cracked in firing. i

Sample 17.—Immaculate Kaolin Co.’s mine, 214 miles southeast of Langley and
immediately southeast of the Pine Log road. The mine consists of two pits,
arranged L shape, one extending northward, the other eastward. Recently
additional stripping has been done along the northwest wall of the east pit. A
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test hole (no. 56), was put down through the bed of clay which began at the
Barnwell-Tuscaloosa contact. The overburden at this point is 35 feet thick.
This clay sample came from the top 2 feet of clay.

. Appearance of sample, all good white lumps with some slight brown stains;
grinding, easy; plasticity, good; extrusion, easy; lamination, slight; water of
plasticity, 40.8 percent; drying shrinkage, 3.9 percent; dry modulus of rupture,
40 pounds to the square inch; drying behavior, bars cracked; slaking, 1% minutes
to medium grain size; settling, cloudy suspension cleared in about 1 hour; ground
color, fair white; res1due on 200 mesh, 0.14 percent; nature of res1due, clay (A),
quartz.

Clay disks: Drying shrlnkage, 3.6 percent; drying behavior, cracked badly;
firing shrinkage, 14.6 percent; firing behavior, no additional cracks.

White-ware disks: Drying shrinkage, 3.8 percent; firing shrinkage at cone 9,
9.2 percent; absorption, 5.2 percent; fired appearance, poor white color. '

Sample 18.—Immaculate Kaolin Co.’s mine. This sample was obtained from
the drying sheds of the plant and represents the extremely fine-textured and
plastic clay found in the lower section of the clay bed.

Appearance of sample, lumps showed considerable pink stains; grinding, easy;
plasticity, slightly overplastic; extrusion, poor; lamination, some; water of
plasticity, 42.8 percent; drying shrinkage, 5.9 percent; dry modulus of rupture,
89 pounds to the square inch; drying behavior, developed evidence of die ragging,
but no cracks; slaking, 2 mmutes to fairly dry grain size; settling, milky suspen-
sion formed and became cloudy after 1% minutes, became clear in 26 minutes;
ground color, light gray pink; residue on 200 mesh, 0.06 percent; nature of residue,
- clay stained with hematite (A).

Clay disks: Drying shrinkage, 4.0 percent; drying behavior, cracked; firing
shrinkage, 13.4 percent; firing behavior, no additional cracks.

White-ware disks: Drying shrinkage, 3.6 percent; firing shrinkage at cone 9,
9.4 percent; absorption, 3.5 percent; fired appearance, very poor white, yellow
tinge. ,

Sample 19.—Immaculate Kaolin Co. Sample taken from test hole 56, at 20
to 23 feet below the top of the kaolin bed. It is a very fine-textured clay colored
black by organic material. This clay is an ebony black when wet but becomes
brown to grayish brown when dry. Its very high tensile strength is worthy
of note. R

Appearance of sample, grayish-brown lumps with white clay nodules; grinding,
fairly easy; plasticity, very good; extrusion, very easy; lamination, slight; water
of plasticity, 44.5 percent; drying shrinkage, 5.6 percent; dry modulus of rupture,
266 pounds to the square inch; drying behavior, slight warping, no cracking;
slaking, only white nodules slaked; settling, no slaking; ground color, grayish
brown; residue on 200 mesh, 0.93 percent; nature of residue, quartz (A), organic
matter (A), magnetite. °

Clay disks: Drying shrinkage, 5.2 percent; drying behavior, no cracking;
firing shrinkage, 13.4 percent; firing behavior, cracked.

White-ware disks: Drying shrinkage, 3.6 percent; firing shrinkage at cone 9,
9.2 percent; absorption, 4.1 percent; fired appearance, poor white color.

Sample 20.—The North American-Continental mine is 2 miles southeast of
Langley, S. C., on the northwest side of the Pine Log road, across from the Im-
maculate Kaolin Co.’s mine. The sample was taken from the middle portion of
a 20-foot wall of kaolin on the southeast face of the mine.

Appearance of sample, all good hard white lumps; grinding, easy; plasticity,
fair, slightly mealy; extrusion, fair; lamination, slight; water of plasticity, 46.9
percent; drying shrinkage, 4.8 percent; dry modulus of rupture, 47 pounds to the
square inch; drying behavior, cracked, slight warping; slaking, split to 8-mesh.
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lumps in 1 minute, some slaking; settling, very cloudy for half a minute, clear

after half an hour; ground color, fair white; residue on 200 mesh, 0.16 percent;’
nature of residue, clay (A), muscovite (T), hematite (T).

- Clay disks: Drying shrinkage, 3.4 percent; drying behavior, slightly cracked;
firing shrinkage, 14.4 percent; firing behavior, cracked.

White-ware disks: Drying shrinkage, 3.8 percent; firing shrinkage at cone 9,
9.4 percent; absorption, 4.6 percent; fired-appearance, fair white color.

Sample 21.—J. R. Parker, Chicora pit. This is a relatively new pit half a mile
west of the Immaculate Kaolin Co.’s plant, near the head of a ravine that drains
into Horse Creek at Langley. The bed of clay attains a thickness of 40 feet and
is overlain by 30 feet or more of Barnwell sand where mining has been carried
deepest into the bank. = The lower 10 feet of clay, which was not exposed in the
pit, is locally highly colored red, purple, and black. The upper 30 feet, though
superficially appearing uniform, is divisible into three 10-foot sections in accord-
ance with quality. Clay from the top 10-foot section will not diffuse in rubber and

is therefore useless for this purpose. The second 10 feet is a good grade of rubber’

clay, and the third 10-foot section is also reported to have value for rubber but is

not so satisfactory as the second. Representative samples have been taken of

the three sections; sample 21 came from the top 10 feet.

Appearance. of sample, all good white lumps; grinding, easy; plastlclty, good;
extrusion, very easy; lamination, some; water of plasticity, 35.2 percent; drying
shrinkage, 3.3 percent; dry modulus of rupture, 56 pounds to the square inch;
drying behavior, cracked; slaking, 14 minutes to medium grain size; settling,
slightly cloudy suspension cleared after 4 minutes; ground color, fair white;

residue on 200 mesh, 0.76 percent; nature of residue, clay (A), quartz (A), -

hematite (T).

Clay disks: Drying shrinkage, 2.8 percent; drying behavior, cracked badly;
firing shrinkage, 17.8 percent; firing behavior, cracked badly.

White-ware disks; Drying shrinkage, 3.8 percent; firing shrinkage at cone 9,
9.6 percent; absorption, 4.2 percent; fired appearance, poor white color, yellow
tinge.

Sample 22.—This sample represents the second 10-foot section of the Chicora
clay pit and came from a position 15 feet below the top of the clay-bed.

Appearance of sample, all good white lumps; grinding, easy; plasticity, fair;
extrusion, difficult; lamination, some; water of plasticity, 86.4 percent; drying
shrinkage, 3.4 percent; dry modulus of rupture, 63 pounds to the square inch;
drying behavior, eracked with slight warping; slaking, 6 minutes to medium grain
size; settling, very cloudy suspension for 1 hour; ground color, good white; residue
on 200 mesh, 0.09 percent; nature' of residue, clay (A), muscovite, hematite (T).

Clay disks: Drying shrinkage, 3.0 percent; drying behavior; cracked; firing
shrinkage, 11.2 percent; firing behavior, cracked.

White-ware disks: Drying shrinkage, 3.8 percent; firing shrlnkage at cone 9,
8.2 percent; absorption, 5.4 percent; fired appearance, good white color.

Sample 23.—Sample selected from a point 25 feet below the top of the clay bed
near the bottom of the Chicora pit and representative of the third 10—foot section
of clay.

Appearance of sample, good white lumps; grinding, easy; plastlclty, good;
extrusion, fairly easy; lamination, some; water of plasticity, 38.4 percent; drying
shrinkage, 3.6 percent; dry modulus of rupture, 44 pounds to the square inch;
drying behavior, very slight warping, some cracking; slaking, 5% minutes to me-
dium grain size; settling, very cloudy suspension for 1 hour; ground color, good
white; residue on 200 mesh, 0.15 percent; nature of residue,. clay (A), quartz,

hematite (T), muscovite, (T).
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Clay disks: Drying shrinkage, 4.0 percent; drying behavior, cracked; firing
shrinkage, 14.2 percent; firing behavior, cracked.

White-ware disks: Drying sMrinkage, 8.4 percent; firing shrinkage at cone 9,
9.2 percent; absorption, 4.7 percent; fired appearance, fair white color.

Sample 24.—Harmon pit, North American Clay Co. This pit lies due south
of the Chicora pit and on the south éide of the same ravine. The clay being mined
is also from the same bed, and at present a maximum of 45 feet of Barnwell sand -
overlies the clay bed. This sample was tdken from the southwéstern part of the
pit, where the clay bed has thinned to less than 15 feet. The clay contains some
iron nodules and buff stains, which trimming easily removes.

Appearance of sample, good white lumps, very small amount of pink stains;
grinding, easy; plasticity, good but slightly sticky; extrusion, fairly easy; lamina-
tion, some; water of plasticity, 41.7 percent; cirying shrinkage, 4.6 percent; dry
modulus of rupture, 73 pounds to the square inch; drying behavior, some warping
and slight cracking; slaking, 3 minutes to fairly fine grain; settling, very cloudy
suspension, clear after 134 hours; ground color, fair white; residue on 200 mesh,
0.09 percent; nature of residue, clay (A), quartz (T), muscovite (T), hematite (T).

Clay disks: Drying shrinkage, 2.8 percent; drying behavior, cracked; firing
shrinkage, 13.0 percent; firing behavior, no additional cracks.

White-ware disks: Drying shrinkage, 3.0 percent; firing shrinkage at cone 9,
8.8 percent; absorption, 4.6 percent; fired appearance, fair white color.

Sample 256.—O01d Parker pit, about 2 miles south of Langley, S. C., joined on
the west and south by properties operated by the Huber Corporation. The
sample was obtained 3 feet below the top of the clay bed at the north end of the
old mine. This clay bed holds the same stratigraphic position as the producing
beds in the adjacent pits.

Appearance of sample, good white lumps with slight brown staining; grinding,
easy; plasticity, poor, short; extrusion, difficult; lamination, bad; water of plas-
ticity, 28.8 percent; drying shrinkage, 3.1 percent; dry modulus of rupture, 25
pounds to the square inch; drying behavior, slightly cracked and some warping;
slaking, 2 minutes, mostly to 3-mesh lumps, but some to fine grain; settling,
cloudy for 1 hour; ground color, ivory; residue on 200 mesh, 0.13 percent; nature
of residue, clay, (A), muscovite (A), quartz (T), limonite (T), hematite (T).

Clay disks: Drying shrinkage, 2.0 percent; drying behavior, slight cracking;
firing shrinkage, 10.2 percent; firing behavior, no additional cracks.

White-ware disks: Drying shrinkage, 2.4 percent; firing shrinkage at cone 9,
7.8 percent; absorption, 5.2 percent; fired appearance, good white color.

Sample 26.—Alum pit, Huber Corporation, the southernmost pit operated by
the Huber Corporation, a third of a mile southeast of the Langley plant. It is
a very clean white clay of fine texture and breaks into conchoidal slabs with a
slight hackly surface. '

Appearance of sample, all good white lumps; grinding, fairly easy; plasticity,
good; extrusion, easy; lamination, some; water of plasticity, 35.7 percent; drying
shrinkage, 4.9 percent; dry modulus of rupture, 92 pounds to the square inch;
drying behavior, slight cracking with some warping; slaking, to about 3 mesh in
2 minutes and 4 mesh in 30 minutes; settling, very little fine material, but formed
cloudy suspension which became clear after about 1 hour; ground color, good
white; residue on 200 mesh, 0.31 percent; nature of residue, clay (A), magne-
tite (T), muscovite (T).

Clay disks: Drying shrinkage,” 4.4 percent; drying behavior, no cracking;
firing shrinkage, 11.6 percent; firing behavior, no cracking.

White-ware disks: Drying shrinkage, 3.4 percent; firing shrinkage at cone 9,
8.4 percent; absorption, 5.3 percent; fired appearance, fairly white body.
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Sample 27.—~South Carolina Clay Co.’s mine, 2 miles due south of Langley
and midway along the clay outcrop that supports the operations of the Huber
Corporation and the North American-McNamee mine. This is one of the oldest
mines in the district, and practically all of the shallow clay has been removed.
Mining is being carried southward with a rising overburden of sands of Tusca-
loosa age which now exceeds 45 feet. The sample was taken from the middle of
the south wall of the mine, 3 feet below the top of the clay.

Appearance of sample, all good white lumps; grinding, easy; plasticity, fair;
_extrusion, fairly easy; lamination, bad; water of plasticity, 33.4 percent; drying
shrinkage, 4.1 percent; dry modulus of rupture, 59 pounds to the square inch;
drying behavior, very slight warping, slight cracking; slaking, 2} minutes to fine
grain; settling, milky suspension cloudy after 1 minute and became clear after
13 hours; ground color, good white; residue on 200 mesh, 0.93 percent; nature of
residue, nearly all muscovite.

Clay disks: Drying shrinkage, 4.2 percent; drying behavior, cracked; firing
shrinkage, 11.2 percent; firing behavior, cracked.

White-ware disks: Drying shrinkage, 3.4 percent; firing shrinkage at cone 9,
8.6 percent; absorption, 4.8 percent; fired appearance, fair white color. ’

Sample 28.—North American-McNamee mine, probably the oldest large kaolin .

mine in South Carolina, 1% miles south of Bath. The mine includes a group of
pits, one of which extends for more than two-thirds of a mile along the outcrop
and conpects with the South Carolina Clay Co.’s pit on the east. This sample was
obtained from the south wall of the pit west of the plant, between the spur-line
railroad and the road from Bath to the Pine Log road. It is a beautiful clesn
white clay that breaks off in large conchoidal slabs and is very uniform in quality.
An 8-foot bed of ciay was exposed and chunks were taken from the mlddle 4
feet.

Appearance of sample, al! good white lumps with no stains; grinding, easy;
plasticity, fairly good; extrusion, easy; lamination, some; water of plasticity,
37.7 percent; dry shrinkage, 4.6 percent; dry modulus of rupture, 24 pounds to
the square inch; drying behavior, slight lateral cracking and slight warping;
slaking, completely disintegrated in 1 minute 30 seconds; settling, milky suspen-
sion settled in 13 minutes leaving slightly cloudy liquid, clear after 30 minutes;
ground color, fairly good white; residue on 200 mesh, 0.15 percent; nature of resi-
due, quartz (A), muscovite (A), hematite (T).

Clay disks: Drying shrinkage, 3.8 percent; drying behavior, good, no cracking;
firing shrinkage, 9.2 percent; firing behavior, cracked, no warping.

White-ware disks: Drying shrinkage, 2.6 percent; firing shrinkage, at cone 9,
9.4 percent; absorption, 2.6 percent; fired appearance, fair white body, cracked
in firing.

Samples 29-31.—Deeply altered crystalline rocks overlain by a thin cover of
Barnwell sand are exposed in the 90-foot cut of the Georgia-Florida Railroad on
‘the divide between Shaver and Horn Creeks. In the northwest quarter of the
Warrenville quadrangle the rocks of the Piedmont are of different types, much
contorted, altered, and completely weathered. Three samples (A, B, C, pl. 2)
of white residual clays were taken from the east side of the cut mentioned—
No. 29 from the north side of the.crown of the cut and Nos. 30 and 31 to the south,
near the water sump. All specimens appear to have been originally pegmatites,
rich in feldspar. No detailed study of these rocks has been made. Their indefi-
nitely outlined exposures cover areas of 10 to 20 square feet. Despite the very
general character of the samples the tests provide some indication of the quality
of white residual clays in the Piedmont region along the Fall Line.

Sample 29.—Appearance of sample, white Jumps containing a very high per-
centage of coarse mica and quartz; grinding, easy; plasticity, extremely poor;
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extrusion, very difficult; lamination, none; water of plasticity, 19.9 percent;
drying shrinkage, 2.5 percent; dry modulus of rupture, 14 pounds to the square
inch; drying behavior, no warping or cracking; slaking, 1% minutes giving fine
clay particles and coarse grit; settling, milky suspension for 214 minutes and cloudy
for 28 minutes; ground color, very good white; residue on 200 mesh, 46.2 percent;
nature of residue, quartz (A), muscovite (A), both very coarse.

Clay disks: Drying shrinkage, 2.0 percent; drying behavior, no cracking;
firing sbrinkage, 6.8 percent; firing behavior, slight cracking.

White-ware disks: Drying shrinkage, 2.8 percent; firing shrinkage at cone 9,
9.6 percent; absorption, 4.5 percent; fired appearance, good white color.

Sample 30.—Appearance of sample: white lumps containing finer-grained quartz
and mica than sample 29; grinding, easy; plasticity, poor; extrusion, fairly easy;
lamination, none; water of plasticity, 28.7 percent; drying shrinkage, 3.4 percent;
dry modulus of rupture, 39 pounds to the square inch; drying behavior, no crack-
ing or warping; slaking, half a minute, giving fine clay and coarse grit; settling,
milky for 2% minutes, cloudy for 25 minutes; ground color, very good white;
residue on 200 mesh, 42.9 percent; nature of residue, quartz (A), muscovite (A),
hematite (T).

Clay disks: Drying shrinkage, 3.2 percent; drying behavior, slightly cracked;
firing shrinkage, 8.6 percent; firing behavior, slightly cracked. ‘

White-ware disks: Drying shrinkage, 2.2 percent; firing shrinkage at cone 9,
9.8 percent; absorption, 5.0 percént; fired appearance, good white color.

Sample 31.—Appearance of sample, white lumps of clay containing coarse
quartz_and some mica; grinding, easy; plasticity, poor; extrusion, fairly easy;
lamination, none; water of plasticity, 25.8 percent; drying shrinkage, 3.3 percent;
dry modulus of rupture, 33 pounds to the square inch; drying behavior, no crack-
ing, no warping; slaking, 2 minutes, fine clay and coarse grit; settling, very milky
for 10 minutes, cloudy for additional 1% hours; ground color, very poor white,
decided yellow tinge; residue on 200 mesh, 37.6 percent; nature of residue,
quartz (A), muscovite, clay, limonite (T).

Clay disks: Drying shrinkage, 2.0 percent; drying behavior, no cracking; firing
shrinkage, 11.8 percent; firing behavior, no cracking.

White-ware disks: Drying shrinkage, 2.0 percent; firing shrinkage at cone 9,
11.0 percent; absorption, 2.3 percent; fired appearance, good white color.

SUMMARY

These tests provide only a preliminary picture of the adaptability of South
Careolina kaolins to ceramic uses. The substitution of:one clay for another in a
test mix does not assure that the resulting product will produce the same results.
Manufacturers through long experience have found that the substitution of a
new clay is sometimes a hazardous undertaking and are loath to change unless
forced to do so by necessity. However, the value of a new clay for substitution
in a standard manufactured product or use in new products can be determined
only by experiment and trial. Some South Carolina kaolins have physical
properties that are relatively unique and may therefore offer poss1b111t1es that are
being overlooked by those interested in the ceramic arts.

Of the 28 samples representing clays from the Tuscaloosa formation, 8 yielded
white-ware disks of good white color, of which 2 (nos. 6 and 11) were chardcterized
as very good or extremely good. Nine had fair white color, and 11 were rated
as poor. ’ )

The three Piedmont samples serve to show the type of clay that may be found
in selected areas in the Piedmont region bordering the Coastal Plain. These
samples give good tests for white ware, and all have good color. Seldom are
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large uniform deposits of residual clay to be found, and except for ceramic uses
their chance of introduction into industry appears slight. Where granitic areas
rich in feldspar have been thoroughly weathered, as about Vaucluse, the rocks
of the Piedmont.consist of little-more than white kdolin and quartz. ! Ldcally
such exposures offer possibilities, but the extensive beds of grit-free kaolins in
the Tuscaloosa, naturally selected, rather preclude development of the clay of
the Piedmont except in rare circumstances.

SUPPLEMENTAL NOTE ON WATERS OF HORSE CREEK
AREA

Aiken water supply.—During the months of March and April 1935
several water samples were taken to determine the characteristics of
representative waters in the Horse Creek area.

Partial analyses of water from Aiken County, S. C.
[Analyzed by E. W. Lohr. Parts per million]

1 2 3 4 5 8
Iron (Fe) 0.01 0.11 0.10 12.0 0.08 0.28
Bicarbonate (HCOy) - 3.0 10 2.0 16 3.0 - 26
Sulphate (SO;) (by turbidity) 1 1 2 7 1 3
Chloride (Cl)..euoeoaoacens 2.0 2.0 2.0 2.0 2.0 5.0
Nitrate (NOs) . - oo e 4.1 .15 .15 .10 .36 .20
'I‘ota] hardness as CaCOs. . 1.5 2 2 15 2 2
.................... 4.9 5.1 5.4 5.9 5.6 7.0
Date of collection (1935)cccemicmnennnan -ee-{ Mar. 14 | Apr. 2| Apr. 4 | Apr. 2| Apr. 1| Apr. 3

1 Results less than 7 show degree of acidity.

. Aiken public supply, collected from overflow of collecting basin at pumping plant.
2 Seepage {rom sands above clay bed in mine of South Carolinia Clay Co. at Langley, 8. C.

L? gﬁeepasge from sands above clay bed on the south wall of Alum pit of the Huber Corporation, south of
angley, S.

4. Seepage from sands above clay bed on north wall of Alum pit of the Huber Corporation, south of
Langley, S. C.

5. dthtleIa Horse Creek near head, just below Beaver Creek, in northeastern quarter of the Warrenviile
quadrangle.

6. Horse Creek at Horse Creek crossing, 214 miles northeast of confluence with the Savannah River..

Near Shiloh Church, 7 miles north of Aiken, is a small tributary
drainage valley on the east side of Shaw Creek. Along the bottom
of this valley issue a number of springs, the waters from which are
now collected in an underground sump and conducted by a dual
piping system to the Aiken pumping plant, three-eighths of a mile
distant, by the Southern Railway right-of-way. The water (1 in
preceding table) issues near the base of the Tuscaloosa formation.
The natural collecting area covers many square miles between the
South Fork of the Edisto River and Shaw Creek in the northwestern
part of the Aiken quadrangle. Much of the water has traveled only
within the Tuscaloosa, but part of it has also had to migrate through
or along Barnwell beds. The springs yield on an average 2,000,000
gallons a day of clear and almost tasteless water, varying somewhat
in. amount with the seasons, When drawn from taps in. Aiken the
water has a very strong iron flavor. This is due to the acid in the

water, which has dissolved sufficient iron in its travel through the
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* piping system to acquire this pronounced flavor. Waters of this
character are highly corrosive to water-supply systems.

South Carolina Clay Co.—A sample of ground-water seepage (2) was

~taken -from the base of the overlying sands above the clay bed of the
South Carolina Clay Co. The water has passed through red Barnwell
and upper Tuscaloosa deposits before appearing on the surface. The
solution of iron undoubtedly occurs during percolation through the
Barnwell, and precipitation takes place shortly after exposure to the
open air. , .

Alum pit, Huber Corporation.—A similar sample of water (3) was
taken at the base of the south wall of sands overlying the clay bed in
the Alum pit of the Huber Corporation. The stratigraphic position
is the same as that of sample 2 and represents waters which have
percolated through the overlying Tuscaloosa sands and Barnwell
formation. These two samples of water are fairly representative of
the character of waters to be found in the overburden of the Aiken
"County clay pits.

- A sample (4) was also taken from a seep on the north wall of the
Alum pit of the Huber Corporation. At many localities seepage water
in the clay pits and outcrops coats the surfaces over which it flows with
a rich brown iron deposit. This water was crystal clear as it issued
from a seam above the top of the clay. Permitted to stand for a few
minutes it became cloudy, and after half an hour it had precipitated
a heavy iron sediment. It is this iron sediment that streaks the
walls of many clay pits and covers the bottoms of settling basins.
Oxidation of the ferrous iron to the ferric state is the cause of the
precipitate. .

Little Horse Creek.—Little Horse Creek was sampled (5) near its
head, immediately below the junction with Beaver Creek, in the
northeast quarter of the Warrenville quadrangle. This is an uncon-

 taminated flow of water that is representative of ground waters
issuing from the Tuscaloosa formation. The estimated flow is 0.10

_'second-foot. The water is clear but carries a minute quantity of
organic material, leaf fragments, etc., which serve to increase the .
acidity of the water. :

Horse Creek.—A sample of Horse Creek water (6) was taken at
Horse Creek crossing, 2% miles northeast of the Savannah River,
into which it flows. The sample was taken April 3, 1935, after a
heavy rain, so that unfortunately the dissolved constituents had been
partly diluted. Although at the place where the sample was taken
the creek is carrying disposal waters from clay plants and cotton mills,
the character of the water has not been greatly altered, as may be
seen by comparison with analysis 5 which represents the source of the
stream. The acidity so prominent in all the other waters has been
neutralized. The estimated flow is 60 second-feet.
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These samples servé to show the acid character of the highland -

ground waters of the Coastal Plain -deposits and their potential leach-
ing power. They may accomplish very little solution, because the

sedimentary deposits through which they flow are already thoroughly

leached. The only carbonate rocks of the Coastal Plain in the area

discussed are the Barnwell buhrstones, which have been almost com-

pletely silicified.

To what extent the present. color of the kaolins is primary is a
questlon No doubt there have been alterations of greater or less
extent. The more prominent changes are probably due to the local
concentration or alteration -of coloring matter in the clay. The
accumulation of larger beds of fine white kaolin or of beds of clay
having desirable physical properties seems to be more directly related
to the source material from which the Tuscaloosa clays were derived
than to any alteration subsequent to deposition. There is, however, a
current opinion among mine operators that a kaolin bed improves in
whiteness benedth a hill slope after removal of the outer discolored
clays, but that with continued penetration beneath a thickening
overburden it becomes more grayish and duller in appearance. If
such is truly the fact, the cause for such a change may have its origin
in the action of acid ground water, which could more readily percolate
through the marginal portion of a clay bed than within the mass.



Cuarrer 3.—THE BLEACHING CLAYS OF SOUTH CAROLINA
By Harry X. Bay
INTRODUCTION

Part of the Public Works funds allocated to the Geological Survey
for work on South Carolina clays was devoted to a reconnaissance
investigation of bleaching clays. Little published information on this
subject was then available, though Sloan * had briefly described some
'occurrences of fuller’s earth. Cooke 5 had mentioned similar occur-
rences, in his manuscript on the South Carolina Coastal Plain which
has since been published. Information was accordingly sought
regarding the occurrence, extent, quality, and possible commercial
importance of bleaching clays, in the hope that some discovery might
be made that would lead to the establishment of a new industry in the
State.

SCOPE AND METHODS OF THE INVESTIGATION

Representative exposures of all formations cropping out within the
Coastal Plain area were examined for possible occurrences of bleaching
clay and for readily available data regarding those of greatest promise.
Beds ranging in age from Cretaceous to Pleistocene were studied. The
formations and the areas in which they were explored are summarized
below. Detailed information regarding these formations and their
distribution is given in Cooke’s report just cited.

Formations and counties included in investigation

Formation Counties

Pleistocene undifferentiated_ ... _.._..___._. Chesterfield, Horry, Kershaw.
Hawthorn formation (Miocene). .. Hampton.

Barnwell sand (Eocene)........... Aiken, Barnwell, Lexington.

MecBean formation (Eocene)...... .| Aiken, Calhoun, Lexington, Orangeburg.

. Black Mingo formation (Eocene) - ..._.co.o...... Calhoun, Clarendon, Georgetown, Richland, Sumter,
) Williamsburg. '
¥Iack Creek formation (Upper Cretaceous). ...... Darlington, Florence, Marion.
'uscaloosa formation (Upper Cretaceous).-....... Aiken, Chesterfield, Darlington, Kershaw, Lexington,

Marlboro, Richland.

Numerous exposures of the outcropping formations were examined
and prospected with a 3-inch cup auger of Iwan Bros. type. Many

o Sloan, Earle, A prelimi‘nary repprt on the clays pf South Carolina: South Carolina Geol. Survey Bull. 1,
PD. 59-61, 1904; Catalogue.of the mhineral localitiés-of:Sottht Carolina: South Carolina-Geol. Survey Bull. 2,
1908. ’

81 Cooke, C. W., Geology and mineral resources of the Coastal Plain of South Carolina: U. 8. Geol. Survey
Bull. 867, p. 160, 1937.

83



84 CLAY INVESTIGATIONS IN SOUTHERN STATES

samples were collected and later tested in the laboratories of the Ge-
ological Survey under the direction of P. G. Nutting, whose method of
testing the samples is described in chapter 1 of this volume. The
field work was done under the general supervision of C. Wythe Cooke.

GENERAL RESULTS
The results of this preliminary study strongly suggest that no bleach-

ing clays of much commercial importance occur within the State. .

Several samples from the Tuscaloosa, Black Mingo, and McBean
formations proved to be low-grade fuller’s earths somewhat active in

the natural state, but these-are exceptional. Only a fewsamples.

even from these formations were sufficiently active to qualify as
commercial bleaching clays.

Local deposits of clay in the Barnwell sand meet commercial require-
ments and compare favorably with, different naturally active clays
now being mined and marketed elsewhere. These deposits, however,
are too small to support large mining operations.

The localities from which samples were collected for testing are

shown-on plate 1.
The following table gives detailed information concerning the
samples tested and the results:
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SUMMARY AND CONCLUSIONS

Formations ranging in age from Upper Cretaceous to Pleistocene
were examined for possible deposits of bleaching clay. Numerous
samples were collected and tested for both naturally active and activ-
able bleaching properties. The only bleaching clays found were
those of the naturally active type

Fuller’s earth was found in the Tuscaloosa (Upper Cretaceous),
Black Mingo (Eocene), McBean (Eocene), and Barnwell (Eocene)
formations. In all except the Barnwell the bleaching clays are very
inferior in quality and occur in very small deposits.

Several small deposits of fuller’s earth are found in the Barnwell
formation in Aiken and Lexington Counties. The deposits are not
readily accessible, and the quality of the clay is variable. It is
doubtful if these deposits are worthy of commercial attention.

This investigation failed to reveal extensive deposits of high-grade
bleaching clay in South Carolina. -



:CHAPTER 4—CLAY DEPOSITS OF THE SAN ANTONIO AREA
: AND MORRIS COUNTY, TEXAS

By Paiuir B. KiNg
INTRODUCTION

In the San Antonio area, which includes Bexar and surrounding

counties, in the central part of Texas, clays are an important natural
resource. North and west of San Antonio the rocks are largely lime-
stones and chalks, clays being subordinate or not of commercial
. quality. South and east of San Antonio, however, beginning with the
highest two formations of the Cretaceous and extending into the
Eocene, clay is an abundant constituent of the rock succession. It is
in this part of the San Antonio area that clay deposits of commercial
value are found. (See pl. 4.) Here most time was spent in the
present investigation.
. Clays found in the San Antonio area have two chief uses. The
greater number may be used for ceramic purposes—that is, for the
manufacture of brick, tile, and pottery. A lesser number, having
special properties, may be used for bleaching or clarifying petroleum
and vegetable oils.

The purpose of this report is to record the extent and quality of the
various types of clays in the region. Notes are given on their field
relations and geologic character, and a series of chemical and physical
analyses of the samples is presented. Some of the deposits are de-
scribed in detail,.but others only in a general way, as lack of time -
prevented all from being studied with care. The writer is informed
that on some of the deposits, commercial organizations have done
much detailed prospecting, the results of which have not been pub-
lished. Despite the limitations of the present report, it is hoped that
it may be a guide to anyone who may wish to develop clay deposits
in the area. .

Field work.—The field work on which this report is based was carried
out under funds provided to the Geological Survey by the Public Works
Administration. Four months was spent in field work by the writer,
and 3% months by his assistants. H. C. Fountain served as geologic
assistant, and J. R. Martin, Jr., and C. P. Rogers as rodmen.

At the beginning of the work the writer received geologic guidance
in the field from L. W. Stephenson, of the Geological Survey, and
somewhat later the ceramic engineering aspects of the problem were
reviewed: in the field with David McKnight, Jr., of the Bureau of

Industrial Chemistry, University of Texas.
) 93
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During the course of the field work reconnaissance surveys were
made by the writer, and detailed prospecting of selected areas was done
by his assistants. Most of the time was spent in Bexar County and
areas immediately adjacent. The observations on the bleaching clays
of the upper Claiborne and Jackson deposits are based on the writer’s
reconnaissance trips alone, as time did not permit the assistants to do
detailed work in that area.

The chief duties of the assistants consisted of gathering clay samples
for testing. For this purpose surface exposures were examined where
possible, and in some places shallow pits were dug. The greater num-
ber of samples were obtained, however, by drilling auger holes, this
type of work being well adapted to the unconsolidated nature of the
bedrock.

Two types of augers were used. One type, a post-hole hand auger,

had a bit with a cutting edge at one end and a cross-bar handle at the
other. As a hole was deepened, lengths of pipe were added between
the two ends. This method proved particularly effective for depths of
less than 25 feet, but beyond that depth the amount of labor involved
became prohibitive because of the unwieldiness of the tool and the
necessity of raising it at frequent intervals to empty the cuttings:
The other type, a drop auger, had a cylindrical bit, lowered into the
hole by a rope which ran through a pulley. Drilling was accomplished
by dropping the heavy tool in the hole and gathering the cuttings
inside the cylinder. Although a tool of this type proved difficult to
use at shallow depths, it had many advantages. Drilling through hard
beds was relatively easy, the samples recovered were in large pieces,
and considerable depths could be attained without an increase in the
difficulty of the work. The deepest test hole put down was somewhat
more than 70 feet deep.
- Much difficulty was encountered in- prospecting the low country
underlain by the Taylor marl because almost the whole surface is
covered by a veneer of limestone and chert gravel from a few feet to
tens of feet thick. Holes could not be put through the gravel with
either type of auger, so that at several places it was necessary to dig a
pit through the gravel and start an auger hole in its bottom. In the
formations farther east and south of San Antonio the gravel cover is
less extensive and over wide areas is lacking entirely.

The bleaching-clay samples collected were tested by P. G. Nutting,
of the Geological Survey. The ceramic-clay samples were studied
under the direction of David McKnight, Jr., of the Bureau of
Industrial Chemistry, University of Texas.

Previous work.—Several reports have been published on the geology
of the region. General descriptions of the geologic formations are
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given by Deussen ® and Plummer,* and a more detailed account of the
geology of Bexar County by Sellards.’® Recently the geology and
ground-water resources of Bexar County have been studied for the
Geological Survey by A. N. Sayre and Penn Livingston, and their re-
port will be published as a water-supply paper.®®* Notes and maps
made for this work were available to the writer and were of great
value in the present investigation.

Several publications on Texas clays give information on the San
Antonio area. A general study in the field and laboratory was made
by Ries ¥ in 1903. The Bureau of Industrial Chemistry of the Uni-
versity of Texas, under the direction of Dr. A. P. Schoch, has been
interested in the development of Texas clays and the results of their
tests, made over a considerable period of years, were summarized by
Potter and McKnight in 1931. Another investigation, made for the
San Antonio Chamber of Commerce by A. V. Lawton, relates more
directly to the San Antonio area. A summary of its results has been
published in pamphlet form.®® Through the courtesy of Mr. C. C.
Leel, industrial secretary of the organization, the detailed results of
this work were placed at the writer’s disposal.

These three publications deal chiefly with ceramic clays. Very little
has been published on the bleaching of clays of Texas, although a
great deal of development work has been done, and much information
is doubtless on file with the various companies engaged in the business.
Incidental mention of bleaching power is made in descriptions of some
of the clay deposits in the three reports cited, but these descriptions
deal chiefly with their ceramic properties. A paper by Broughton %
describes the detailed petrographic properties of clays from the most
important deposits. This was an outgrowth of an extensive field study
of the deposits by J. T. Lonsdale, of Texas Agricultural and Mechan-
ical College, but his results have so far not been published. A paper

8 Deussen, Alexander, Geology of the Coastal Plain of Texas west of the Brazos River: U. 8. Geol. Survey
Prof. Paper 126, 1924,

% Plummer, F. B., Cenozoic systems, in The geology of Texas, vol. 1, Stratigraphy: Texas Univ. Bull.
3232, pp. 519-808, 1933. See also, Darton, N. H., Stephenson, L. W., and Gardner, J. A., Geologic map of
Texas: U. S. Geol. Survey, 1937.

38 Sellards, E. H., The geology and mineral resources of Bexar County: Texas Univ. Bull. 1932, 1920.

% For a preliminary account, see Livingston, Penn, Sayre, A. N., and White, W. N., Water resources of
the Edwards limestone in the San Antonio area, Tex.: U. 8. Geol. Survey Water-Supply Paper 773-B,
pD. 59-113, 1936.

For water supply papers on adjoining counties, see Sayre, A. N., Geology and ground-water resources of
Uvalde and Medina Counties, Tex.: U. 8. Geol. Survey Water-Supply Paper 678, 1936. Lonsdale, J. T.,
Geology and ground-water resources of Atascosa and Frio Counties, Tex.: U. 8. Geol. Survey Water-Supply
‘Paper 676, 1935.

7 Ries, Heinrich, The clays of Texas: Texas Univ. Bull. 102 (Sci. ser., no. 12),1908. The results are also
summarized in Potter, A. D., and McKnight, David, The clays and ceramic industries of Texas: Texas
Univ. Bull. 3120, pp. 168-175, etc., 1931.

8 Physical tests on more than 400 clays of south and southwest Texas, San Antonio Chamber of Com-
merce, 1929. The results are also summarized in Potter, A. D., and McKnight, David, op. cit., p. 216 and

table 7.
8 Broughton, M. N., Texas fuller’s earths: Jour. Sedimentary Petrology, vol. 2, pp. 135-139, 1932.
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by Phillips and Phillips % describes methods of producing -and using
the Texas bleaching clays and gives brief notes on their occurrence.

Acknowledgments.—The writer wishes to acknowledge the assistance
which the reports cited above have furnished. In some places the
published reports furnish valuable information supplementary to that
obtained in the present work, and such information has been quoted
in this report.

In addition to the published mformatlon regarding the clays of the
San Antonio area, much unpublished information exists, and the
‘writer wishes to acknowledge the courtesies shown by many local
people in obtaining such information.

Mr. John Randolph Martin, of San Antonio, gave the location of
many deposits where promising clays have been found, and furnished
samples of some of them. Mr. W. S. Hamilton, of the Earthern
Products Co., and Mr. D. M. Phillips, of the Texas Co., guided the
writer through the pits operated by their companies and furnished
many supplemental notes. Mr. H. B. Parks, of the Texas Apicultural
Experiment Station, who has spent much time in a study of the
geology of southern Bexar County, gave information on exposures
and clay occurrences which otherwise might not have been found.*®
Local geologists, both with the Texas Bureau of Economic Geology
and with oil companies, furnished information. In particular, Messrs.
B. C. Renick and Stuart Mossom, of the Magnolia Petroleum Co.,
aided greatly in establishing the exact stratigraphic horizon and the
position by land surveys of the clay deposits of Claiborne and Jackson
age.

g GENERAL GEOLOGIC RELATIONS

The geologic structure of the San Antonio area has an important
bearing on the distribution of the various clay deposits, and has been
well described in geologic reports.®®

According to Sellards,

The formations in Bexar County, both those of the Cretaceous and Tertiary,
dip toward the Gulf coast. The rate of dip, however, is changed, and the country
is divided both structurally and physiographically into two very distinct provinces
along the * * * Balcones escarpment, which in this country faces south-
southeast. * * * The structure in the Coastal Plain area of this county is much
more complicated than is that north of the Balcones escarpment, being affected
both by faulting and by folding. At the inner or north margin of the Coastal
Plain area are large faults, while farther south are other faults varying from small
to large, accompanied by folds. The downthrow in most, although not in all, of

s Phillips, D. M., and Phillips, L. V., Production and utilization of Texas bleaching clays: Texas Univ.
Bull. 3501, pp. 105-111, 1935.
. 8 Some of Parks’ observations have since been published. See Parks, H. B., and Kirn, A. J., Old and
new fossil localities in Bexar County and adjacent areas: Texas Acad. Sci. Trans., vol. 18, pp. 11-16, 1936.

Kirn, A. J., and Parks, H. B., An Eocene florule near Lytle, Tex.: Texas Acad. Sci. Trans., vol. 19, pp.
11-17, 1936.

¢ta Sellards, E. H., op. cit., pp. 77-86. Deussen, Alexander, op. cit., pp. 20, 129-136. lemgston, Penn,
Sayre, A. N., and White, W. N, op. cit., pp. 68 and 71-72,
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the faults * * * is to the southeast or coastal side. * * * The combined
effect of faulting and dipping, although varying from place to place, results on
the whole in carrying the formations rapidly to a lower level in passing toward
the coast. .

As a result of these structural relations, the clay-bearing formations
of the San Antonio area crop out in general in long, narrow northeast-
ward-trending belts. Their inclination is to the southeast, so that in
a distance of several miles in this direction any workable bed will be
carried too far below the surface to be dug profitably. In places also
the outcrops of the clay-bearing formation are cut off abruptly by
faults, movement along which has either raised them so high that they
have been carried away by erosion, or lowered them so far that they

‘cannot be reached by ordinary processes of digging.

CERAMIC CLAYS
PRODUCTION AND USE

Clays have long been in use for ceramic purposes in the San Antonio
area. Without doubt, pottery was manufactured on a small scale by
the earliest Mexican settlers, and similar ware is still made by local
people of Mexican descent. Extensive deposits' have never been
opened up for this purpose, and the craftsmen have usually contented
themselves with digging small quantities of clay from the surface.

One of the oldest localities for brick manufacture is apparently
that which lies southeast of San Antonio on the west bank of Salado
Creek south of the Upson Road (plate 4 ®). A brick plant is said
to have been operated here as late as the 1890’s, but the first use of
the deposit was during the building of the San José and other Spanish.
missions. Old bricks now lying about near some of the ruined kilns
are stamped with Roman numerals and are said to be of the type used
in the construction of the missions.

Another deposit that has been worked for a long time is that at
the village of Calaveras, in Wilson County, not far from the Bexar
County line. Bricks were produced here as late as 1915, but the
earliest production was probably in the 1860’s. It is on record that
in 1870 Antonio Garcia purchased a tract at this place on which there
was already a kiln and a pug mill. Many of the old landmarks of
the region, such as the Menger Hotel, in San Antonio, and the Flores
house, in the southeastern part of the county, were built of brick.
from Calaveras. ,

In the last 20 years several brick and hollow-tile plants have been
established near San Antonio, but many of these were shut down or
mrt the detailed location of the clay deposits is usually given in terms of their distance and
relations to various roads. Most of the roads in Bexar and adjoining counties are named. The general
position of the clay deposits is indicated on the accompanying index map (pl. 4), but its scale prevents the
showing or naming of all the roads referred to. Persons interested in the detailed locations of the deposits

may find the named roads on various county maps published locally or on the topographic sheets of the area
published by the United States Army, the names and boundaries of which are shown on plate 4.
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running on a reduced scale at the time of the writer’s study. Some
plants have also made low-grade pottery and heavy pottery, among
them that now operating near Atascosa. Two plants near San
Antonio are making glazed ornamental tile. No high-grade porce-
lain or china ware is being manufactured in the San Antonio area.

The following table gives information on clay plants now operating
or operated in the near past in the San Antonio area:

Clay plants in San Antonio area

Name of firm Location Product Source of clay Status of plant

1. D’Hanis Brick & | D’Hanis, Medina | Brick and tile....._ Escondido forma- | Shut down.

Tile Co. ‘County. tion, near plant. .
2. Seco Pressed [-..._do...._....._.__ Brick. ... Escondido forma- | Shut down?

Brick Co. tion, near plant.
3. Meyer Pottery | Atascosa, Bexar | Flower pots, vases, [ Upper part of Wil- | Operating.

0. County. dishes, jugs. ccix tgroup near
: plant.

4, Southern Co...._. Quintana Road, | Sewer pipe, orna- | Brotze and Borrego .Operating.

5. San José Pottery
Co.

6. Alamo Brick Co.
(formerly Bem
Brick Oo.)......

7. Star Products Co.
(Saenger & Son,
E. Richter.)

8. San Antenio
Sewer Pipe &
Manufactur-

ing Co.

9. Mackey Brick &
ile Co.

10. Suttles Pottery...

11, Blumberg Brick
‘Works.

12, Sunset Brick &
Tile Co.

San Antonio.

Near San José Mis-
sion, south of
San Antonio.

New Sulphur
Springs Road,
east part of San
Antonio.

Elmendorf, Bexar
County.

Saspamco, Wilson
County.

. Calaveras, Wilson

County.
Lavernia,
County.

Wilson

McQueeney,
Guadalupe
County.

QGonzales, Gonzales
County.

mental tile:

Ornamental tile_...

Brick, hollow tile,
heavy pottery.

Sewer pipe.........

Brick, heavy pot-
tery.

pits in Wilcox
group; Rosillo
Creek pit in Mid-
way group.

St. Hedwig and
Borrego pits in
‘Wileox group.

Midway group at
plant.

Upper part of Wil-
coOX group near
Borrego.

Upper part of Wil-
COX group Dear
plant.

Riversilt. __........

Reklaw (?) mem-
ber south of La-
vernia.

Upper part of Na-
varro formation.

Riversiltoooooooone.

Operating (open
ed in 1934)

Operating on re-
duced scale.

Abandoned
about 1924,

Shut down since
1930.
Abandoned, 1915
Abandoned, 1922
Shut down.

Shut down?

1. Liddle, R. A., The geology and mineral resources of Medina County: Texas Univ. Bull. 1860, pp

132-134, 1921.

2. Idem, pp. 134-136.

3. Ries, Heinrich, op. cit., p. 116; also information collected by writer.
4, 5, Information collected by writer.
6. Sellards, E. H., op. cit., p. 112; Ries, Heinrich, op. cit., pp. 171-172.
7. Sellards, E. H., op. cit., pp. 112-113; Ries, Heinrich, op. cit., p. 118; also information gathered by writer.
8. Sellards, E. H., op. cit., pp. 113-114; Ries, Heinrich, op. cit., p. 119; also information collected by writer.
9. Ries, Heinrich, op. cit., p. 200; also information collected by writer.

10. Ries, Heinrich, op. cit., pp. 120-121; also information collected by writer.
11. Some information from L. W. Stephenson; no other data.
12. Ries, Reinrich, op. cit., p. 203.

According to the Bureau of Mines,*? Texas ranks ninth among the

States in the value of clay products produced annually. Statistics
on clay production in Texas have been given by Potter and

McKnight.®

6 Kiessling, O. E., Minerals Yearbook, 1934, pp. 876-877, U. S. Bur. Mines, 1934, Aug., figures to show
- present relative importance of clay industry in. -
6 Potter, A. D., and McKnight, David, op. cit. pp. 12-13.

<7
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DEPOSITS STUDIED

In a selection of the deposits of ceramic clay to be studied by the
party, the writer was guided largely by the previous investigation of
the San Antonio Chamber of Commerce. In that work ‘“the principal
method adopted to induce farmers and others to send or bring in
samples of clays to the laboratory for testing was to enlist the aid by
letter of 96 newspapers in 59 counties surrounding San Antonio.” ®
By this method samples of nearly all the promising clay deposits in
the area were probably obtained, and over 400 were examined by A. V.
Lawton. . From the samples examined by Mr. Lawton, the writer
selected localities near San Antonio which were determined to have clay
of good quality. The localities were tested by the Geological Survey
party in order to determine the thickness and lateral extent of the good
clays. Some additional localities worthy of study were also discovered
by interviewing the local people. The writer also visited and sampled
most of the important clay pits now being worked or those which had
been worked in the past.

The present investigation revealed no deposits of clay of unusually
high quality or of special properties. It did, however, yield information
on the extent of clays suitable for the manufacture of brick, tile, and
low-grade pottery. A summary of the properties and uses of the most
interesting clays found is given in the table below.

Properties and uses of betler clays of San Antonio area

Geo- | Uni- :
logical | versity T'?ég{'
Farm Survey of of bed Burned color . Recommendations
test | Texas (feet)
hole |sample| ''©
Padelecki (near St. Hed- 311 1,2,7 8 Brick, tile, pottery, low-grade
wig). { % 11 2 [yCream ... frebrick.” oo OVE
DO e 33 | 15,16 5| Pinko_.o.._...._. Brick, tile, cheap pottery.
DO coecieaeeaes 34| 17,18 .4 | Browngray....._. Dry-press bricks.
Cantu (near Sayers)____. 58 118 | S fu r-| Lightbuff_._______ Common pottery.
ace.
Ggy F)dwards (near 69 {140~142 6] Gray. ccocoaeio. Brick, tile, pottery, semivitrified
a. ware.
cher (southeast of San 35{ 28,29 4 | Light pink__._____ Brick, tile, pottery, low-grade
Santonio). refractory ware.
DO 46 | 69-72 7 ,Buﬁ ............... Dry press briek.
Vogt (near Von Ormy)._ 36 [ 36-41 12 |__._.do.o ... Cheap brick. (Too much lime).
.................. 38 48 2 nghc buﬁ......... As a mixture with other clays.
Do __________________ 39 52 2| Lightred__._...__. Brick.
DO e 44 | 62,63 7 | Near white_._..... Low-grade refractory ware (too
much flux
Williams (near Thelma). 48 | 82-84 6 | Lightred._...._._| Brick or tile.
Salley (near Thelma)._.. 49 | 94-96 6 | Light pink________ Possibly for semivitrified ware.
Miller (Atascosa Coun- { 52 |108-110 7 | Buff to light red_..| Dry press brick and as a mixture
ty). 66 [130~134 13 with other clays.

TESTS OF CERAMIC CLAY SAMPLES

The clay samples collected by the party were examined in the
laboratory of the Bureau of Industrial Chemistry, University of Texas,

6 San Antonio Chamber of Commerce, op. cit., p. 6.
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under the direction of David McKnight, Jr. A total of 140 samples
were studied from southern Bexar and adjacent counties, 4 from Mc-

Mullen County, and 6 from Morris County. The results of these

tests are given at appropriate places in the report. All samples were

entered under the laboratory serial number 528, and further distin-

guished by individual numbers following the general number.%
According to McKnight,

The clay samples received were first given a preliminary test as follows: The
sample was examined in the raw state, and its color, hardness, plasticity, and state
of purity were noted. The nature of the deposits near San Antonio is such that
nearly all the samples are soft, of medium to high plasticity, and contain iron
gtains and occasional lime pebbles as impurities. Because of their uniformity,
these observations are not included in the tables, and only the raw color is noted.

The sample was then ground, to aid in the tempering. Water was added grad-
ually until the mass reached the best working consistency. The mass was then
molded into bricklets 11.5 by 3 by 1.75 centimeters. The bricklets were air-dried
to constant weight and then measured” The amount of drying shrinkage was
calculated in terms of percentage of dry length. This is a very rough measure-
ment, and is shown in the tables only to the nearest 0.5 percent.

The bricklets were then fired to cone 04. The firing was done in groups of five,
so that all bricklets did not receive the same temperature treatment. However,
the temperature attained for all was between 1,100 and 1,150° C., and the firing
was stopped as soon as cone 04 came down. About 12 hours was used to bring the
temperature up to 500° C., and about 6 hours to bring it from that point to the
final temperature.”’ ’

After cooling, the fired bricklets were examined. The measurement of length
was made as before, and the firing shrinkage was expressed as percentage of dry
volume. The color and condition of the fired bricklets were noted and are shown
in the tables. :

Those samples which showed promising properties in the preliminary tests were
then subjected to more complete tests. Where a series of adjacent samples from
one test hole gave indication of the presence of a bed of promising clay of workable
thickness, these were combined in proportion to the thickness represented by each,
and the complete tests made on the combined sample.

In the tables those samples on which complete tests were made are designated
by an asterisk (*) after the laboratory number. Results of the complete tests
are shown on the pages immediately following the tables of preliminary tests.

The complete tests included the following procedure: The sample was made
up with that amount of water which had been found to produce the best consis-
tency in the preliminary test. The tempered clay mass was formed into bricklets
2.5 by 2.5 by 4.5 centimeters, eight bricklets being made from each sample. These
pieces were weighed and their volumes measured by submerging them in kerosene
oil of known specific gravity.

The bricklets were dried first in air, and then in an oven maintained. at 105°
C., until their weights were constant. They were.then weighed and soaked in
kerosene. From these weighings the following data could be determined:

88 Several sets of analyses are referred to in thisreport, each set with its own serial numbers, and in addition
the localities studied by the present field party were distinguished by serial numbers. This will probably
create some unavoidable confusion. In order to make the references as clear as possible, each serial number
in the present paper is distinguished according to its source by the following initials: GS, localities and
samples of the present U, S. Geological Survey field party; UT, samples studied by the Bureau of Industrial
Chemistry, University of Texas; R, samples studied by Ries for the State of Texas; SA, samples studied by
A V.. Lawton for the San Antonio Chamber of Commerce. ’

-
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1. Pore water, or the amount of water removed in drying which is sufficient
to fill the pores of the dry clay. Expressed in percentage of the dry weight.

" 2. Shrinkage water, or water removed during drying shrinkage. Determined
by subtracting the pore water from the water of plasticity.

3. Water of plasticity, or total amount of water removed in drying. Expressed
as percentage of dry weight.

4. Drying shrinkage. Determined by the loss in volume of the bricklet on
drying. It should be noted that in the complete tests the volume, rather than
the length, of the bricklets is measured, and the shrinkage is expressed as percent-
age of dry volume, and hence not in the same terms as employed in the prelimi-
nary tests. Volume shrinkage (Sv) can be calculated from linear shrinkage (S)
by the following equation:

Sy
00— 100“)

The bricklets were then fired, one bricklet from each sample being fired to
each of a series of cones. The cones employed in this series of tests, and the tem-
peratures observed when each cone came down are as follows:

°C. °C.
Cone 010 o ool ... 990 |Cone 02____ ... 1,110
Cone 08_ - o __. 1,010({Cone ¥ .. __. 1, 140
Cone 06___ . ... 1,050 | Cone 3__ . _______ 1,170
Cone 04 .. 1,080 | Cone 5. oo 1, 210

After cooling, the volume and porosity of each bricklet were again measured.
The shrinkage occurring on firing was calculated in terms of percentage of dry
volume, and the porosity in percentage of fired volume. It should he noted
that the fired shrinkage is thus recorded in the same terms as the dry shrinkage,
but that the porosity of the fired bricklet is based on the fired volume, and the
figure recorded indicates the proportion of e\ternal volume of the fired piece
which is occupied by pore space.

The color and condition of the fired pieces at each of the temperatures to which
the various pieces were fired were also noted and are recorded in the tabulation
of complete tests.

In addition to the tests made by the Bureau of Industrial Chemistry
on samples collected by the Geological Survey party, the results of
tests made by some-other investigators are included in this report,
notably those of Lawton and Ries. Their results are valuable, but
their procedure was not always the same as that of the Bureau of
Industrial Chemistry, and some of their results are expressed in a
different manner. It was not possible to recalculate their results so
as to make them comparable with those obtained during the present

investigation.
CLAYS IN CRETACEOUS ROCKS

Only the upper part of the Cretaceous rocks, the Taylor and
Navarro formations, are clay-bearing in the vicinity of San Antonio
and in these the clay is likely to be calcareous, a quality which renders
them unfavorable for use. Clay has, however, been worked at two
places.
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Northeast of San Antonio, 1 mile south of McQueeney, in Guada-
lupe County, is the pit of the Blumberg Brick Works, which accord-
ing to L. W. Stephenson is in the upper part of the Navarro formation.
This was not studied by the writer, and no information on it is avail-
able.

West of San Antonio, at D’Hanis, in Medina County, are the
pits of two companies. Thelr geologic character and the methods of
operation have been described by Liddle,® and the results of physical
and chemical tests on the clay by Ries."” According to Stephenson
the pits lie in the Escondido formation, which is the western equivalent
of a part of the Navarro formation. They were not studied by the
writer.

Apparently no clay is being produced from rocks of Cretaceous
age within Bexar County itself.

CLAYS IN THE MIDWAY GROUP

General character of the group.—The Midway group, or lowest
stratigraphic unit in the Eocene series of the Texas Gulf Coastal
Plain, crops out in an irregular belt, much broken by faults, which
extends southwestward across central Bexar County. The upper
part of the group, or Wills Point formation, contains several clay
deposits that have been worked near San Antonio. According to
Plummer ® this upper formation, about 250 feet in thickness, consists
of “a little glauconite or glauconitic clay at the base, above which is
compact fossiliferous clay, grading up into sparsely fossiliferous layers
of silty clay at the top.”” The workable beds apparently lie in the
lower clay member of the formation.

Alamo Brick Co.’s clay pit.—The pit of the Alamo Brick Co. (suc-
cessor to the Bem Brick Co.) lies near its clay plant north of the
New Sulphur Springs Road, just east of the city limits of San Antonio,
in the East San Antonio quadrangle. (See pl. 4.) It has been de-
scribed by C. L. Baker.®

According to Baker the clay is dark blue gray, carrying much
fibrous and platy selenite and weathering light yellowish and drab.
It contains large brown cone-in-cone concretions, small nodules of
limonite, and some marine fossils. According to Ries ™ the clay has
a high plasticity, slow slaking power, and contains 0.92 percent of
soluble salts. ’

It has little grit, but very high plasticity and great stickiness. * * * The
clay has to be dried very slowly to prevent air cracking, and it was difficult to
get briquets that were free from flaws * * * When burned wet-mud it
swells, cracks, and blisters so that in order to produce a salable product it has

8 Liddle, R. A., op. cit., pp. 132-136. See also Sayre, A. N., geology and ground-water resources of Uvalde
and Medina Counties, Tex.: U. S. Geol. Survey Water Supply Paper 678 p. 58, 1936.

87 Ries, Heinrich, op. cit., pp. 197-198.

6 Plummer, F. B., op. cit., p. 562.

8 Quoted by Sellards, E. H., op. cit., p. 112.

1 Ries, Heinrich, op. cit., pp. 170-172.
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to be worked by the dry-press process. * * * The burned bricklets con-
tained many small white specks which are due to the gypsum particles which
the clay contained and are not due to carbonate of lime.

The following tests were made by Ries (sample R 811):

Water of plasticity. ... ______ 29. 7 [ Cone 1:
Air shrinkage_ .- ______________ 9.3 Shrinkage. .- _.______ 3.3
Average tensile strength________ 169 Absorption._ ______________ 4.1
Cone 05: Color_ ... ______. dark brown
Shrinkage. . ... __.__. 3. 3| Cone 3:
Absorption____._._._______ 10. 6 Shrinkage. - ... ________ 5.7
Color_ .- .. light brown Absorption. ... o ____.__ 2.1
Cone 03: Color_-....__._.___dark red brown
Shrinkage._ . ... 3. 3| Viscous at cone 5.
Absorption_ . _____.. _____ 10. 7
Color. ... red brown

The chemical composition, as determined for Ries by O. H. Palm
and S. H. Worrell, is as follows:

8100 o o 59.47 | COpe oo 3.23
AlLOs - 18.24 [H, O o e 5.70
FesOso oo 4. 771803 e e 90
Ca0. e 4. 30 | Organic matter. ... ... .._... 55
MgO . e trace

NaOo o 24 | Total . oo oo 98. 54
TiOge oo oo 1. 14

- Old clay pits on Salado Creek.—Southeast of San Antonio, about a
quarter of a mile south of the Upson Road, on both slopes of a small
valley draining eastward into Salado Creek, in the East San Antonio
quadrangle (pl. 4), are the remains of some old brickyards whose
clay was obtained from exposures of the Midway nearby.”* On the
west side of the valley are the remains of kilns which are reported to
have been operated at the time of the construction of the Spanish
missions (see p. 97). On the east side of the valley are the remains
of a more recent brickyard, operated by a Mr. Olsen from the 1870’s
to the 1890’s. i

The following sequence of strata was observed in descending order
on the west side of the valley. The thicknesses given are approxi-

mate.
Section on west side of Salado Creek

Feet

5. Loess, with snail shells and some pebbles_ ... _.._.__ 20
4. Clay, dark gray to black, waxy, with conchoidal fracture;

iron nodules, some selenite; marked by yellow streaks. - 20
3. Shale, light gray_ ... 5
2. Sandstone, buff, calcareous, with thin bedding planes;

some selenite; cropping out in massive ledges_ ... o= ¢9)
1. Clay, sandy, containing calcareous sandstone concretions

1 foot thick and 2 to 5 feet across; Crops out in channel

just above point where valley joins Salado Creek..__._ €

1 The writer was guided to this locality by H. B. Parks.
66911—40——8
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The old clay pits, which nowhere appear to have been carried far
below the surface, are mostly in member 4 of the section. The clay
appears to be like that in the Alamo Brick Co.’s pit, and like it
burns red.

Clay pit on Rosillo Creek.—East of San Antonio on the east bank
of Rosillo Creek, near the crossing of the Gonzales Road, in the East
San Antonio quadrangle (pl. 4), similar clays of the upper part of the
Midway group are being dug. They are used by the Southern Co. at
its tile plant in the southwestern part of San Antonio.

Clay on Fike places.—About 2% miles southwest of the southwest
corner of the city of San Antonio, on the southeast side of the Quintana
Road, opposite the Humble Refinery, in the West San Antonio quad-
rangle, are the G. W. and W. P. Fike places (pl. 4). The locality was
not examined by the writer, but some clays of good quality seem to
be present. Two samples examined by A. V. Lawton (SA 47 and 219)
were classed by him as brick and tile clay of best quality. One other
(SA 173) was classed as a brick clay, but he states that it could be
used only in a mixture with other clays. Five samples (SA 216, 217,
218, 220, 256) were. rejected because they contained too much lime.
The deposit apparently lies in the Midway. group, and one of the
samples examined by Lawton is classed as a greensand.

CLAYS IN THE WILCOX GROUP

General character of the group.—Most of the important ceramic clay
deposits in the San Antonio area lie in the Wilcox group and belong
to the Indio formation. This group lies unconformably on the Mid-
way group and has a thickness of about 500 feet.”> It crops out over
a wide area in the southern part of Bexar County (pl. 4).

_The greater part of the Wilcox deposits are of nonmarine origin and
consist of gray, brown, and reddish sands, sandy clays, and clays. In
many places the sands have been indurated by cementation into large
boulderlike concretionary masses. In places the remains of fossil
plants are abundant, and here and there carbonaceous seams and thin
beds of lignite may be seen. Clays of commercial quality occur in
beds from a few feet to more than 10 feet in thickness, but most of
them are lenticular and lose their thickness rapidly along the strike.
Many test holes were put down by the Geological Survey party to
determine the extent of such lenticular deposits. The nonmarine
beds give rise to a reddish soil that covers most of the surface, but
along streams the beds are characteristically eroded into small bad-
lands in which.the Wilcox clays and sands are well exposed. This
dissection has in places made it possible to dig out small quantities of
clay for ceramic use without the necessity of stripping off the over-
burden.

n Plﬁmmer, F. B,, op. cit., pp. 574, 585. For notes on outcrbps in Bexar County, see Parks, H. B., and
Kirn, A.J., op. cit., pp. 11-16. ’ .

AL
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At the top and base of the Wilcox group in parts of central Texas
are thin beds of marine origin.”® - On this basis Plummer has divided
the Wilcox into three formations, calling the lower marine beds the

" Seguin, the middle nonmarine beds the Rockdale, and the upper ma-

rine beds the Sabinetown. In the San Antonio area, however, the
marine beds do not seem to have a very constant development.
The lower one was not recognized by the writer, although H. B. Parks
reports that he has recently found several localities for its fossils in
Bexar County.

~ The upper marine beds are well exposed at several places in the
southeastern part of Bexar County, as near the crossings of Calaveras
and Chupaderas Creeks by the Adkins-Elmendorf road, and the cross-
ing of Parita Creek by the Stuart Road. They are also found at the
crossing of the South Flores Road over Losoya Creek, half a mile
south of the village of Losoya.” At these places the marine beds
consist of a thin conglomerate of rounded pebbles containing em-
bedded marine shells resting on a massive ledge of cross-bedded and
ripple-marked sandstone. Above are dark-gray, brown, and black
clays, thinly laminated by seams of sand and carbonaceous matter,
which reach an exposed thickness of about 25 feet. Their character
is similar in all exposures. In places they have been used for brick
clay.

At many places the upper marine beds are not present. Thus at
the clay pits at Borrego, 4 miles south of Elmendorf, in the south-
eastern part of the county, ledges of massive, coarse-grained Carrizo
sand rest directly on sands and clays that seem to be of nonmarine
origin. Whether the marine beds are discontinuous because they
were originally lenticular, channel-like deposits, or whether they were
once more extensive and were afterwards partly removed by pre-
Carrizo erosion cannot be stated at this time. .

St. Hedurg deposit.—About 1% miles east-southeast of the church
at St. Hedwig, on the Padelecki farm,™ in the Lavernia quadrangle
(pl. 4), there are low exposures of white clay for several hundred feet
along Lupon Creek north of the farm house. These probably belong
to the lower part of the Wilcox group. The surrounding country is
gently rolling and is covered by a red sandy soil, so that few other ex-
posures are to be found. Some of the hilltops north of the creek are
capped by Quaternary gravel. Some clay was taken out here about
10 years ago, and recently several truck loads have been dug and used
by the San Jose Pottery, south of San Antonio. No large pits have
been opened up.

0 Gardner, J. A., Fossiliferous marine Wiicox in Texas: Am. Jour. 8ci., 5th ser., vol. 7, pp. 141-145, 1024.

7 The writer was guided to these localities by H. B. Parks, who has also published brief notes on them.
See Parks, H. B., and Kirn, A. J., op. cit., p. 16. The Losoya locality is described by Sellards, E. H., op.
cit., pp. 58-59, 69; Deussen, Alexander, op. cit., pp. 55-56 and pl. 18, B; and Plummer, F. B., op. cit., pp.
603-604. '

™ Shown as the Gedaski farm on the Lavernia map by the U. 8. Army.
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Four test holes were put down by the Geological Survey party to

determine the extent of the deposit—one at the exposures on the creek
where the clay is now being dug (GS 31),” and the others 500 feet
south-southwest (GS 32), 300 feet north-northwest (GS 33), and 325
feet west-northwest (GS 34) (fig. 9). At the locahty along the creek
4 feet of clay is exposed in the creek bank and in the pit below, and 4
feet more is penetrated in the test hole below the base of the pit.
Above the clay on the creek bank is an overburden of buff argillaceous
sand 7 feet thick. Below the clay bed are coarsely sandy iron-stained
clays and varicolored sands, whose contact with the clay is gradational.

N\ Testhole 33
W@
B r u N S h
Test hole 34 \\
Lup. on____ . Test hole 3/
N —© i Creek . —s

Field B

Test hole32 i :
f==== ====8 == N0 pagelecki house
it Og
1}
i
i

:: Field
i
1

TO ST HEDWIG||

tMILE

500 [o] 5JooFeet

[ S T S Sy

FI1GURE 9.—Map of Padelecki farm, Bexar County, Tex.

The same clay bed is recognizable in the other test holes at about the
same altitude, for the strata appear to lie nearly horizontal. The ex-
posures along the creek apparently lie near the thickest part of the
deposit, for in hole GS 32, to the south-southwest, the bed is only 4
feet thick, in hole GS 33, to the north-northwest, 3 feet, and in hole
GS 34, to the west-northwest, 4 feet. The horizontal attitude of the
beds and the rise of the ground away from the creek cause the over-
burden to thicken considerably away from the first locality. In test
hole GS 32 the clay bed is overlain by 17 feet of sand. '

The clay samples were tested by the Bureau of Industrial Chemistry,
and the preliminary and complete tests are shown on the following

78 These numbers were used in the field to designate the test holes and sample localities. The test holes in
the San Antonio area are shown by number on plate 4, and figures 9 to 14.
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pages. Complete tests of the main clay bed were made on samples
UT 1 and UT 2 combined, on sample UT 7, and on sample UT 11.
According to McKnight,

All these burn to light cream and near white and attain a good hard body at
low temperatures. The very slight increase in shrinkage and decrease in porosity
with increasing temperatures suggests the possibility of refractory properties.
A chemical analysis of the combined sample UT 1-2 shows that no very high
degree of refractoriness may be expected, although the percent of fluxes is prob-
ably not too high to expect that a low-grade fire brick could be made from the
clay. The clay would make good brick, tile, or pottery, although the evidence of
the test holes does not prove that there is enough of the clay available to justify
the location of a plant there.

The clays in test holes GS 33 and GS 34 show different properties
on testing. Two samples from hole GS 33 (UT 15 and 16), covering
the interval of 9 to 14 feet, represent a bed of orange-gray clay that
burns to a light pink and at higher temperatures to a buff body of good
character. It should make brick, tile, and cheap pottery. The clay
in hole GS 34 between depths of 6 and 10 feet (UT 17 and 18) is
brownish gray and burns to a good hard body. The high dry shrink-
age of the clay would make it troublesome to work in the plastic state,
but it would probably make good dry-press bricks.

The following tables show the detailed results of tests made by
the Bureau of Industrial Chemistry:

Tests of clay on Padelecki farm
Preliminary tests

. ' Shrmkage) (per- uT
Depth in test hole cent . Fired | labora-
(feet) Raw color Fired color condition | tory
Drying | Firing No.
4 0.5 | Near white___. 1
4 .5 | Very pale pink |...d 2
.5 1. ...d 3
.5 1. 4
.0 . 5
. b 6
C omposxte of 4 feet . 7
above mouth of
hole.
GS 32
B8 e iamceeen Brownlsh gZray . oo 15 2 Buff..__...... 8
810 e e e e QO - 14 ) N U (i {« TR, 9
10-17.. (Sand not tested.)
17-19. Light gra 7.5 0 | Light pink___. 10
_-do. 7.5 .5 | Dirty white___|___ 11
9.5 1.0 | Cream._..._... 12
11.5 L5 .. doocaooo_. 13
1.5 5| Lightred..... 14
5 L5V . (s s S PR s T 15
4.5 (11 D doooooo Fair...__.. 16
8.5 1.0 | Buff._._...... Good...... 17
9.0 1.0 |._... dooeoo___ _..do...._.. 18
8.5 .0 | Medinm-red..|...d0-..... 19
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Tests of clay on Padelecki farm—Continued

Complete tests

[See p. 100]
UT 1,2 UT 7 UT 11 UT 15,16 - | UT17,18

Dry color.. Light gray... Orange gray...| Brown gray.

Hardness. . Soft.. Sof Medium

Shrinkage 3.8_ 11,7

Pore water. ... 12,7 9.9.

Water of plasticity...... 16.5.. 21.6.

Dry shrinkage._........_. 9.7 e 22.5.

Cone 010: .
Color e Light cream.__. Cream.
Condition. Very hard..... Very hard.
Shrinkage. 0.8.
Porosity... ... 24.8.

Cone 08: :

[070) 1s) S Light cream.__. Cream.
Condition._ Very hard..... Very hard.
Shrinkage. - 0. 0.3.
Porosity. ......._.... 22.3.

Cone 06:

(0701 1) SN Light cream...| Light pink_.__.| Buff.
Condition_ Very hard..... Very hard._._. Steel hard.
Shrinkage. 2.1 -

Porosity... 27,00 i 20 8.

Cone 04:

Color... Dirty white... Buff.
Condit Very hard..... Steel hard.
Shrinkag 17 ... .

Porosity 269, e 19 9

Oone 02:

Color_- .. .| Dirty white...| Light pink_.._{ Buff.
Condition. Very hard ..... Very hard Steel hard.
Shrinkage.__ 3. 7 3 4.0.
Porosityoeo oL 19.9.

Cone 1: :
Color_._........_... Near white....| Near white.._. Buff.....__.._| Buff.
Condition_ Very hard..._. Stee] hard..... Very hard... .. Sbeel hard.
Shrinkage._ . 5. - 2.9,
Porosity.. .......... 18.6.

Cone 3:

. Near white...| Dirty whxte._. Buff.
Condition Steel hard.
Shrinkage
Porosity. 20 4

Cone &:

Color......_. Near white..._| Dirty white... Buﬁ
Condition.. B Steel hard.____ Very hard_.._. Steel hard.
Shrinkage. . - 8.8 eaeann 59 ... -

Porosity-.ooo.ooo._. 218 .. 218 . 19 7.

The following is a chemical analysis of the combined samples UT

1 and 2: .

Percent Percent
Si02c o . 72.40 |Na,Oand KoO______________ 2. 51
ALOs. ... 1475 | TiOgo oo ___ .95
FeOs o ... 162 |CO;and H,O___.___________ 5.24
CaO_ ... 1.79
MgO. .. 0 Total . oo 99. 26

Other workable clay beds may exist in the same neighborhood. A
sample obtained 1% miles north of St. Hedwig, submitted by Otto
Brotze to the San Antonio Chamber of Commerce, was reported by
A. V. Lawton to be a clay suitable for brick, tile, or pottery (SA 239).

Deposits near Sayers.—About 1% miles east of the village of Sayers,
north and south of the Gonzales Road, clays of various types are
exposed on tributaries draining southwest into Chupaderas Creek;
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in the East San Antonio quadrangle (pl. 4). These are found on the
farms of E. M. Edwards, Guy Edwards, Matthew Cantu estate,”
and Mrs. T. E. Trainer (fig. 10). The strata probably belong to
the lower part of the Wilcox group.

The E. M. Edwards 125-acre tract, which lies north of the Gonzales
Road and west of the Mount Olive Road, has few surface exposures.
Some clays have been uncovered in digging a water tank in the north-
ern part.of the tract, and a hole put down there by the Geological
Survey party (GS 65) showed gray sands, in part argillaceous, to a
depth of 11 feet. According to Mr. McKnight, the samples from
this test hole are similar to those collected from the surface on the
Cantu farm, described below. “However, the unweathered samples
obtained from this hole are less plastic than the surface samples and
do not attain nearly the hardness on firing that the surface samples
do. These samples show no promise whatever.”” The following pre-
liminary tests have been made by the Bureau of Industrial Chemistry:

Shrinkage

(percent) . uT
Depth (feet) Raw color Fired color Fired condition labora-
toryno.

Drying | Firing

[ T Gray........_. 1.0 0.0 | Pink_ .. ______....._.. Poor (sandy)-.oceeeoe. 125
[y (U I do- ... O —L6 | (o [ SRR I do_ . 126
7-9]eeeen dooo..oo_ 2.5 | —1.0 | Dirty white........_.. Poor. el 127
120§ VRN IR do. ... 2.0 —1.0 | Lightred.__. ... . __|.c.__ U (o JRpR 128

The Guy Edwards tract is southwest of the E. M. Edwards tract, on
the south side of the Gonzales Road. A hole drilled here by the
Geological Survey party (GS 69) just west of the boundary line of the
Cantu tract showed gray sands, in part argillaceous, to a depth of 11
feet. . According to McKnight, the clay obtained in this hole is some-
what different from that on the E. M. Edwards and Cantu farms.

The orange and purple colors found in the raw clay are distinctive, as is also the

absence of gritty. texture of the material as a whole, although a good deal of sand
is present. The three samples (UT 140-142) covering the interval from 2 to 8

-feet were combined for complete tests and for chemical analysis. The chemical

analysis reveals too much iron and alkalies for refractory purposes. The bricklets
formed from' the combined samples burn to a very pleasing gray at cone 02, form-
ing a very hard body at the same point. The clay would -probably make good
brick, tile, or pottery if fired at cone 02 and above. There is also promise of
semivitrified ware or low grade stoneware if fired above cone 5. The data fur-
nished by this one test hole are not sufficient to determine the commercial value

- of the bed.

The following preliminary tests were made on the samples by the
Bureau of Industrial Chemistry. The complete test and the chemical
analysis are given on pape 113, under the description of the Cantu
estate.

 Shown as ‘‘Canton” on the East San Antonio map by the U. 8. Army.
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FIGURE 10.—Map of the Cantu and Edwards farms, Bexar County, Tex., showing location of test holes.
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Shrinkage

(percent) uT
Depth (feet) Raw color Fired color Fired condition tl;abora-
ory no.

Drying | Firing

02 . Gray and orange. - 4.5 0.0 ed ... Good_ ... a... 139
P S Light gray...._.-. 4.5 2.0 | Near white. 140
d 4.5 1.0 ink 141
3.5 1.0 142
3.5 1.0 143
4.5 1.5 144

The best exposures in the neighborhood are on the tract of the
Matthew Cantu estate, which lies east of the Guy Edwards place and
south of the E. M. Edwards place. Beginning just south of the
Gonzales Road, a ravine and its tributaries known locally as Nigger
Hollow has cut into the bedrock and exposed white sandy clays and
argillaceous sands for a distance of about half a mile south of the
road. The dip of the strata is at a low angle southward down the -
ravine, but varies from exposure to exposure. Part of the strata
consist of flourlike sandy clays, which show an effloresence of mineral
salts on the surface. There appears to be considerable lateral change
in the deposit, however, and the observations of H. C. Fountain
suggest that the clays change into more sandy strata in an upstream
direction. The deposit appears to be underlain by red sand and to be
overlain by lignitic clays with ellipsoidal sandstone concretions.

A large quantity of clay has been dug along these ravines. In

-1903, at the time of Ries’ visit, the clay was being shipped to Gonzales,

Houston, and New Orleans.” That sent to Gonzales was used by the
Sunset Brick & Tile Co. “for making a so-called fire brick for the
construction of kiln arches.” ® In recent years most of the clay has
been sold to the Alamo Iron Works, in San Antonio. It is reported
that it is used by that concern for refractory purposes, and that it is
packed directly into the cupolas of the furnaces. It is said to with-
stand a temperature of as much as 2,800° F.™ v

Twelve samples were collected from the surface at various points
along the main ravines (localities GS 53-64). According to
MecKnight,

The material resembles volcanic ash.in texture but shows a surprising plasticity
for such gritty matter. It is iron-stained in crevices, and this impurity shows up
in all the samples in the pink, buff, and yellow colors produced on firing. The
lightest color produced was that of the sample from locality GS 58 (UT 118),
which also was probably the most plastic of the twelve submitted. This sample
was selected for complete test. In the complete test it burned to a very light
buff, with a very hard body, becoming steel hard at cone 1. It would probably
make good common pottery if there were enough of it to work. The extremely
variable nature of the clay beds exposed makes it doubtful if the deposit could
be worked. .

7 Riegs, Heinrich, op. cit., p. 86.

8 Idem, p. 156.
7 Information from J. R. Martin, of San Antonio.
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Two samples from the Cantu deposit were studied by Ries,* and
their somewhat different characters illustrate the variability of the
deposit. One (R 815) is a brown sandy, fairly plastic clay of moderate
refractoriness which could be used for No. 2 fire brick or for wet-mud
common brick. It burns buff or gray. The other (R 926) is a white
clay of fairly high refractoriness.

The following tests were made by the

istry on samples collected by the Geological Survey party:

Tests of clays from Cantu and Edwards farms

Preliminary tests (Caniu farm)

.Bureau of Industrial Chem-

o
S(hrinkatg)e uT
: percen o .
G8. locality Raw color Fired color Fired condition latbora
no. ory
Drying| Firing no.

[ T Gray... 2.0 0.0 113
[ SRR U do. 2.5 .0 114
i1 O I, do--. 3.5 3.5 115
56...- Light gray. 2.5 2.0 116
67... Tay..oo... 3.5 2.5 117
58. Light gray. 4.5 1.0 118
i3 SO do----. 3.5 2.0 118
60. --.do__. 4.0 .5 120
) U SR (< s JS— 3.0 .0 121
62. Red and gray..... 4.0 3.0 122
63... Light gray.__. 3.5 .0 123
(.7 S S do 4.5 2.0 124

53. Cut in west bank of Nigger Hollow, 225 feet below road from house.

54. Cut in west bank, 170 feet below locality 53.

55. Cut in east bank, 200 feet below locality 54.

56. Cut in east bank, 275 feet below locality 54.

57. Cut in west bank, 200 feet below locality 56.

58. Cut opposite road from house.

59, Cut in west bank, 250 feet above locality 58.

60. Cut in east bank, 225 feet above locality 59.

61. Cut in west bank, 150 feet above locality 60.

62. Cut in east bank, 125 feet above locality 61.

63. Cut in west bank, 210 feet above locality 62.

64. Cut in east bank at upper end of exposure.

Complete tests (Cantu and Guy Edwards farms)
UT 118 UT 140-142

DIy COMOTa e e oo
Hardness__.._.
Plasticity.._....
Shrinkage water.
Pore water.__._._.
Water of plasticity.
Drying shrinkage.
Cone 010:

Condition.
Shrinkage.__
Porosity.....

Cone 08:

Condition.

Shrinkage.

Porosity..-
Cone 06:

Condition...
f3hrinkage.
POrOSItY e aeec e cccimmmeee

Light buff.
d

8 Ries, Heinrich, op. ¢it., pp. 84-86, 155-157.

Light gray.
Soft.

A~
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Tests of clays from Cantu and Edwaerds farms—Continued

Complete tests (Cantu and Guy Edwards farms)—Continued

UT 118 UT 140-142
Light buff.__
Vety hard
Light buff_ . ... Very light gray.
Condition_._. - Very hard__.... Very hard.
Shrinkage. ... 4.7 o eeeen
B 1) (o131 323 s 29 3
Cone 1:
Color....... Light buft. Very lignt gray.
Condition. - Steel hard. Very hard.
Shrinkage. - ocoeooe | T4 7.8,
POrOSitY oo e 29 7 e e e e mme e mmm—— e 26.0.
Cone 3:
(0703107 Light buff____ . Very light gray.
Condition.... Steel hard. Very hard.
Shrinkage. ... (i 2%: J. 5.
Porosity...... 30 (O 26.6.
Cone 5:
Color.......... Light buff .| Gra,
Condition. ... Steel hard Steel hard.
Shrinkage. ... I B X T,
POrosity co oot 29 E JR R, e eememcmeeaean 24 1.

The following table gives a chemical analysis made by the Bureau
of Industrial Chemistry on the combined sample UT 140-142, from
the Guy Edwards property. To this have been added the chemical
analyses made for Ries of the two samples studied by him from the
Cantu property (R 926 and R 815).

UT 140-142 R 926 R 815
69.70 68.70
21. 50 15. 90

.40 3.30
Trace . 3.10
.50 . 50
1.00 .30
30 Trace

12 1.40
7.10 5. 90
100. 62 99.10

Mrs. T. E. Trainer’s farm, southeast of the Cantu farm, is appar-
ently underlain by material very similar to that on the Cantu farm.
One sample examined by Lawton (SA 228), was classed by him as a
refractory clay of best quality, but another (SA 126) was rejected
because of its high content of sand.

Weber deposit.—The F. H. Weber place lies 6% miles southeast of
the southeast corner of the city of San Antonio and a quarter of a
mile west of the Foster Road, between the Hildebrand and Cassiano
Roads, in the East San Antonio quadrangle (pl. 4). It is drained by
several southeastward-flowing tributaries of Calaveras Creek, along
which are exposures of sands and clays, probably of the lower part
of the Wilcox group.



114 CLAY INVESTIGATIONS IN SOUTHERN STATES

The best exposures are near a tank 100 yards southwest of the farm-
house (fig. 11), where ravines show outcrops a few feet in height of
white flourlike sandy clays and purer gray clays. A test hole (GS 35)
west of and upstream from the tank showed white, finely sandy clays,
with some iron stains and seams of sand, to a depth of 13 feet, below
which were gray and yellow sands with some clay seams. East of the
tank and at a lower altitude a test hole was put down to a depth of
10 feet (GS 45), which probably showed beds at a lower stratigraphic
position. These consist largely of sandy clays, with some seams of
sand and purer clays, grading down into argillaceous sand. A pit

+
~  calaveras  /
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4 / _
/ "
. Field /o N
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FIGURE 11.—Map of Weber farm, Bexar County, Tex., showing location of test holes.

sunk nearby to a depth of 12 feet under the direction of A. V. Lawton,
at the time of the San Antonio Chamber of Commerce investigation,
showed similar material, with the layers of relatively pure clay not
reaching a thickness of more than 2 feet.

Beds overlying the deposit are exposed on a low rounded hill about
a quarter of a mile west of the farmhouse. Here there are one or
two thin beds of sandy ferruginous material which have been broken
up by weathering into small fragments rich in limonite and hematite.
These strew the surface in great numbers. Several pits that have
been dug in the hillside s<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>