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ABSTRACT

The beds of the Wilcox group (lower Eocene) outcropping in over 500 square miles
of south-central Arkansas have been investigated to determine the occurrence and
ceramic properties of the contained clay deposits. On the basis of this preliminary
survey and the information consolidated from previous reports, it is evident that excellent
white to buff firing clays are contained in lenticular bodies distributed both laterally
and vertically through the dominantly sand and silty beds of the Wilcox group in the
region. U. S. Bureau of Mines drill records indicate that one such deposit over 60 feet
thick contains more than 15 million tons of clay with an average of about 35 per cent
alumina. Minable thicknesses of clay were found in 250 test holes and exposures herein
described.

Detailed ceramic data collected on 23 new samples and information from previously
unpublished ceramic reports on 20 additional samples show wide firing ranges in the
white to buff firing clays of the area. As a group these clays show excellent refractory
possibilities. P.C.E. determinations reported on 28 samples of clay showed 54 per cent
to be low heat duty; 14 per cent to be intermediate heat duty; 14 per cent to be high
heat duty and 7 per cent to be super duty refractory clays.

At Malvern, Arkansas, in the west-central part of the area, over 100,000 tons of high
grade clay per year is being mined from one deposit. This clay is used in local plants
for the production of intermediate and high heat duty refractories and in the manufacture
of buff face brick. Although most of this ware is marketed within a few hundred miles
a considerable portion is shipped to other parts of the United States and some to Mexico
and South America. Comparison of the raw and fired character of this Malvern clay
with Tennessee-Kentucky ball clays show them to be essentially the same.

The occurrence of these excellent clays combined with the availability of low priced
natural gas, access to rail facilities and a stable source of efficient labor make south-
central Arkansas an ideal location for the development of ceramic industries.



CLAY RESOURCES OF THE WILCOX GROUP IN ARKANSAS

By

NORMAN F. WILLIAMS and NORMAN PLUMMER

CHAPTER 1—INTRODUCTION

The purpose of this report is to present all
available information on the clay deposits oc-
curring in the outcrop area of the Wilcox group
(Eocene) in central Arkansas. In addition to
the information resulting from the investiga-
tion by the present authors, much material has
been included from the unpublished records of
the State Mineral Survey and previous reports
of the Arkansas Geological Survey.

With the limited time and facilities available,
it has not been possible to re-examine all known
deposits: Early publication of as much informa-
tion as could possibly be assembled should best
serve the interests of the state by pointing out
its almost untouched, potentially valuable clay
resources. It is believed that this will serve as
an initial step toward the development of a clay
industry in the state that will be comparable to
that of Tennessee and other adjoining states
which are no better favored for clay resources
than Arkansas, but where the mining and the
sale of clay and clay products is a more impor-
tant factor in the state’s economy.

The early publication of a similar report on
the clays of southern Arkansas is contemplated.
Additional information on the fired characteris-
tics, mineralogy, and utilization of the present
clays is also being collected for later publication.
The complete series of these reports will consti-
tute a comprehensive study of the Wilcox clay
resources of the state. It is believed that pub-
lishing the reports in a series, as the informa-
tion becomes available, will encourage earlier
exploration of the deposits than if a single vol-
ume, covering the whole subject, were published
at a later date.

PREVIOUS INVESTIGATION

The best published information to date and
the only comprehensive work on the clays of the
state as a whole is a report by John C. Branner
(1908). An earlier report on the geology of
Dallas County by Siebenthal (1891) includes
excellent description of clay occurrences. An-
derson and others (1942) discuss the clay de-
posits of Saline and Pulaski counties, and the

2

‘formation has never been published.

high-alumina clays of these two counties are
described in papers by Tracey (1944) and
Crockett (1945).

Several field studies have been undertaken
and samples collected. Mr. Hugh D. Miser made
one such comprehensive study in 1909. These
studies were never carried through the testing
phase, either due to lack of facilities or funds.
Except for a few incomplete reports on Saline
and Pulaski County clays, no ceramic data has
been published on the clays of this region; the
earlier reports confining their data to occur-
rence and chemical analysis.

LOCATION

The area of this report includes over 550
square miles in parts of Pulaski, Saline, Hot
Spring, Grant and Dallas counties and lies im-
mediately southwest of Little Rock in the center
of the state (see Fig.1). The area is served by
two lines of the Missouri Pacific railroad and
by two lines of the Chicago, Rock Island and
Pacific railroad. U. S. Highway 67 follows
closely along the northwest border of the area
and with several state and county roads serves
to make most of the area accessible to motor
travel.

METHODS OF INVESTIGATION

During the period 1938-41, a physical inven-
tory of the state’s mineral resources was initi-
ated by the State Mineral Survey, financed by
the Federal Works Progress Administration,
and working under the supervision of the Arkan-
sas Geological Survey* Much effort and expense
was involved in this work, but most of the in-
In pre-
paring the present report, all pertinent infor-
mation from these State Mineral Survey files
has been included.

The work of the State Mineral Survey con-
sisted of measuring and sampling beds en-
countered in shallow auger holes. These holes

* By Act 138 of the General Assembly, 1945, the Arkansas Geologi-
cal Survey became the Division of Geology, Arkansas Resources and
Development Commission.
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were drilled in nearly every quarter section in
the area of outcrop of the Wilcox group. The
samples were returned to the organization’s
laboratory in Little Rock and preliminary tests
were made to determine fired characteristics of
the material. Promising deposits were test
pitted and complete ceramic data obtained from
the samples.

In the spring of 1948 the Arkansas Division
of Geology began a systematic program of clay
investigation in the subject area. Previously
reported deposits were plotted on maps and all
of those within economic hauling distance of
railroads were examined. Any new exposures
encountered were also studied. Wherever the
thickness and apparent quality of the clay bed
were judged to be satisfactory, samples were
obtained. Exposures were channeled and cov-
ered portions of the deposit were sampled with
a 3-inch bucket auger.

The initial examination of these samples was
made by a Little Rock ceramic laboratory. Upon
completion of the sampling and initial testing
the samples were submitted to Mr. Norman
Plummer, Ceramist, of the State Geological Sur-
vey of Kansas at Lawrence, Kangsas. His re-
ports on the characteristics of these clays is
included in the description of the deposits
(Chapters I1II to VII). Mr. Plummer also wrote
Chapter II. :

Six clay samples from Hot Spring, Dallas, and
Grant counties were sent to Dr. Victor T. Allen,
Head of the Department of Geology, Saint Louis
University, who made petrographic studies and
wrote the section on mineralogy included in this
chapter. Dr. R. E. Grimm did the included
X-ray and differential thermal analysis work.
Mr. Troy Carney, Division of Geology Chemist,
provided analyses of the six clay samples men-
tioned above.
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STRATIGRAPHY
Tertiary System

The Tertiary system is represented in Ar-
kansas by sediments of Paleocene, Eocene and
possibly Pliocene age. No detailed breakdown
of the Tertiary groups has yet been published
that carries into Arkansas the formations as
recognized in other states. However, J. A.
Gardner, of the U. S. Geological Survey, in an
unpublished manuscript (1944), has subdivided
on the basis of faunal zonation the Midway
group of the bauxite region.

Paleocene Series
MIDWAY GROUP

The outcrop of the Midway group in the area
of this report occupies a strip as much as 5
miles wide extending southwest from Little
Rock across Pulaski, Saline, and Hot Spring
counties for a distance of 50 miles. Based on
localities studied in Saline and Pulaski counties,
J. A. Gardner (1944), tentatively recognized the
equivalents of the two upper members of the
Kincaid formation and both members of the
Wills Point formation as being present on the
outcrop in this area. Gardner found more points
of resemblance to the Texas section than to the



Midway of Tennessee, partially because the
Clayton and Porters Creek in Tennessee have
been worked in less detail. Local usage, how-
ever, has favored Porters Creek and Clayton,
and for that reason these terms are retained in
the present report.

Porters Creek Formation

The Porters Creek formation lies conform-
ably on the Clayton formation and is typified by
gray to dark blue clays that vary from blocky
to plastic in character and which contain sider-
ite nodules and lenses. Gardner has reported
(1944) that in places the lower member carries
a superb micro-fauna.

Clayton Formation

The Clayton formation where present along
the outerop in this area, lies unconformably on
Paleozoic rocks or locally on intrusive igneous
rock (Cretaceous?) in Pulaski and Saline coun-
ties. It is characterized by Gardner (1944) as
being a “succession of indurated fossiliferous
sandy limestones and lime sandstones separated
by loose or loosely indurated calcareous sand or,
at a few localities, by clay beds” and is com-
monly referred to as the “Midway Lime” or
the “Calcareous Midway”.

Eocene Series
WILCOX GROUP

Lying over the marine beds of the Midway
group in central Arkansas, locally unconform-
able, is the nonmarine predominantly sandy,
partially lignitic, Wilcox sequence. The Wilcox
is about 850 feet thick in this area and its out-
crop occupies a southwest-trending band which
varies in width from 6 miles in the vicinity of
Little Rock to 21 miles in the section across
southern Hot Spring and northern Dallas coun-
ties. The group is made up principally of fine
to very fine cross-bedded sands, silty sands and
clayey sands that are for the most part light
colored. The lower 50 to 100 feet is charac-
terized in most of the area by lenticular beds of
carbonaceous clays and lignite, that may occupy
almost the entire interval. Most sands are white
to gray on fresh surfaces with weathered ex-
posures showing the characteristic yellows,
reds, browns and buffs of iron oxide. Associated
with the sands are clay lentils from 6 inches to
30 feet in thickness and varying in areal extent
from a few square feet to 40 acres or more.
The clays are commonly light gray except when
tinted by lignite particles to brown or shades
of lavender. The clays are very plastic when

pure but decrease in plasticity as the percentage
of silt and lignitic material increases.

Concretions and lenticular beds of siderite are
encountered throughout the section, most of
the material at the surface being completely
oxidized. In some parts of the section the sands
are well enough cemented to appear as quart-
zitic masses.

In the bauxite region of Pulaski and Saline
counties and possibly extending farther to the
south, the lowest Wilcox is represented by de-
posits of bauxite and kaolinitie clay, the bauxite
being localized primarily around two syenite
stocks and a few lesser intrusives of Cretaceous
age. This zone probably represents earliest Wil-
cox time (Bramlette, 1935, p. 6). The overly-
ing beds are predominantly lignitic at the base
through much of the area and from the plant
fossils collected in several localities in the area,
E. W. Berry has demonstrated that the beds -
aré of middle Wilcox age (1916, p. 37). It seems
probable that these middle Wilcox beds are
correlative with the Holly Springs of Missis-
sippi, Tennessee and Kentucky. If is also pos-
gible that the upper beds represent the litholo-
gically very similar Grenada formation, recog-
nized on the eastern side of the embayment.

CLAIBORNE GROUP

The Wilcox group in this area is overlain non-
conformably by the sands, lignites and carbon-
aceous clays of the Claiborne group. Lower
Claiborne formations are believed to be missing
in the area due to overlap (Stephenson & Crider,
1916, p. 66) and according to Spooner (1935,
p. 122) the outcropping Claiborne in Grant
County is Cockfield. It is possible that a part
of the sediments in this area, now considered
to be Wilcox in age, may in reality prove to be
Claiborne on further detailed study. This has
been suggested by recent surface mapping on
the Claiborne and Jackson in eastern Arkansas
done by Pope Meagher*, Carter Oil Company,
and L. J. Wilbert*, University of Kansas Gradu-
ate School.

Pliocene Series

The mantle of gravel covering the area of this
report and the low hills in much of the rest of
the Tertiary outcrop of the state has been as-
signed to both the Pliocene and the Pleistocene
by various authors. Branner referred to them
as being late Tertiary or Pleistocene in age

* Personal communication.



(1908) as did Siebenthal (1891). Bramlette
(1935) states that probably in late Tertiary
time several feet of gravel accumulated on a
surface that now stands at an elevation of 350
to 400 feet in the area. Later erosion has largely
spread the material at lower levels.

Quaternary System

Much of the Tertiary is masked along the
major streams and their principal tributaries in
this area by Pleistocene and Recent sands, clays,
and gravels. The deposits vary in thickness
from a few feet along minor tributaries to over
a hundred feet in the valleys of major streams
and as a whole consist of unconsolidated light-
colored materials.

MINERALOGY

MINERAL COMPOSITION OF THE
WILCOX CLAYS OF ARKANSAS
By VICTOR T. ALLEN

The principal mineral of the clays of the Wil-
cox formation examined during this investi-
gation is kaolinite, a hydrous aluminum silicate
(H,Al,81,0,). Other minerals that occur in
significant amounts are listed in the order of
their abundance in Table 1, and include quartz,
silicon dioxide (SiO2), a clay mineral of the

LT N
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montmorillonite group in which ferric iron sub-
stitutes for alumina, [(Mg, Ca) O. (ALO,,
Fe,0,). 3 8i0,.n H,0] and muscovite, (H, K)
AlSiO,. A few grains of zircon (Zr SiO,), rutile
(Ti0,), tourmaline H AL, (B,OH), Si, O,, and
apatite Ca (Cl, F)Ca, (PO,), are present in
some samples.

These minerals were identified by petro-
graphic methods employed on the powdered
clay immersed in oils of a known index of refrac-
tion (Larsen and Berman, 1934) and on standard
petrographic thin sections ground to .03 mm.
from lumps of the crude clay. As a check on
the determination of the mineral composition,
sample HS No. 1, which is representative of the
clays listed in Table 1, was sent to Dr. Ralph E.
Grim of the Illinois State Geological Survey for
X-ray and differential thermal analyses. His
report follows:

The differential thermal curve shows the characteris-
tic reactions for l-aolinite but of lower intensity than
would be true if the sample were substantially pure
kaolinite. The slight initial endothermic reaction sug-
gests a small amount of montmorillonite. The exother-
mic reaction between about 250° and 700° is due to
organic material.

An X-ray diffraction pattern shows the presence of
kaolinite, montmorillonite, and quartz.

The optical properties of the bulk of the clay
minerals in each sample are similar to those
given by Ross and Kerr (1931) for kaolinite.
In thin section some areas are stained brown

600° 700° 800° 900° 1000° 1100°

Figure 2. Differential Thermal Curve of HS-1.



or black with organic material. Locally, patches
and filled cracks consist of a clay mineral with
higher interference colors and indices of refrac-
tion that resemble the clay minerals of the mont-
morillonite group. The brown color in ordinary
light and the indices of refraction suggest that
ferric iron substitutes for alumina in the clay
mineral (Ross and Shannon 1926; Ross and
Hendricks, 1945). The ferric oxide, magnesia
and possibly some of the soda and potassium
listed in the chemical analyses of the samples
given as Table 5, page 25 are to be assigned to
this mineral, Some of the ferric oxide is present
as stains. Part of the potassium occurs as shreds
of muscovite .002 mm. wide and .1 mm. long.
Some of TiO, reported in the chemical analyses
occurs as tiny needles of rutile visible in thin
sections (see Plate I).

Grains of quartz are present in each sample
and vary from those visible with a high power
objective to a maximum length of .2 mm. Many
of the grains range from .01 to .1 mm. in major
diameter. The amount of quartz varies in the
thin sections studied from about 15 per cent to
40 per cent.

Some general relationships have been noted
between the minerals present and the ceramic
properties of the respective clay. Kaolinite is
the essential mineral in many clays which are
plastic and refractive or resistant to heat. The
plasticity and burning behavior are modified by
the presence of other minerals. Organic ma-
terial, montmorillonite and minerals consisting
of exceedingly fine-grained crystalline plates
tend to increase the plasticity. Muscovite, mont-
morillonite and minerals containing potassium,
iron and lime in large quantities lower the fusion
point of the clay. The relative low content of
these compounds shown in the chemical analyses
are favorable features of these clays. Finally,
the amount and the size of the quartz grains
influence the shrinkage and the temperature at
which the clay is fired.

TABLE 1

Mineral Composition of Wilcox Clays of Arkansas

Sample D-7 G-1 HS1 HS6 HS7 HS 15
Kaolinite . X X X X X X
Quartz X X X X X X
Montmorillonite .. X X X X X X
Muscovite .. X X X X X X
Zircon . X X X X X X
Rutile X X X
Tourmaline __________ X X
Apatite X X

ORIGIN OF THE MINERALS IN THE
WILCOX CLAYS OF ARKANSAS

This statement of the origin of the minerals
in the Wilcox clays applies to those listed in
Table 1, which were examined petrographically.
Kaolinite is formed by weathering of aluminous
minerals such as feldspars under conditions of
thorough leaching. Long continued weathering
under neutral to acid conditions aided by a
favorable climate and physiography permits
ground waters to penetrate deeply and form deep
deposits of kaolinite (Ross and Kerr, 1930),
Under conditions of poor drainage and alkaline
solutions montmorillonite minerals are formed
from suitable source rocks. Montmorillonite
minerals have been reported by Ross (1941) at
Magnet Cove, Ark., as the product of alteration
of voleanic ash and in the water-laid volcanic
rocks of early Upper Cretaceous age in South-
western Arkansas (Ross, Miser, Stephenson,
1928).

The clays of the Wilcox formation of Arkan-
sas are sedimentary and consist of minerals de-
rived from source rocks which contained kaoli-
nite, montmorillonite, muscovite, quartz and
other minerals. These were eroded, mixed dur-
ing transportation and deposited in the Eocene
sea in the area where they now occur. Clays
that have a similar origin and geologic history
have been described at other localities (Allen,
1946).



PLATE I

. Photomicrograph of Wilcox clay (D.7) showing kaolinite (gray), quartz (white, Q)

and organic matter (black).

. Photomicrograph of Wilcox clay (G.1) showing kaolinite (gray, K), quartz (white, Q),
montmorillonite (M), shred of muscovite (MU) and organic matter (black).

. Photomicrograph of Wilcox clay (HS1) showing area of kaolinite and montmorillo-
nite (KM) cut by montmorillonite (M), also kaolinite (K), quartz (white, Q), and
organic matter (black).

. Photomicrograph of Wilcox clay (HS6) showing area of montmorillonite (M) sur-

rounded by clay mainly kaolinite, with a little muscovite, quartz and organic matter.

. Photomicrograph of Wilcox clay (HS7) showing quartz (white, Q), kaolinite (K), and
dark spots of organic matter.

. Photomicrograph of Wilcox clay (HS15) showing area of montmorillonite (M), quartz
(white, Q), kaolinite (gray, K) and dark spots of organic matter (black).
All Photomicrographs are the same scale.






CHAPTER II—CERAMICS

GENERAL CLASSIFICATION AND
DESCRIPTION OF CLAYS

General

Despite the fact that clay is the commonest
and the most abundant of our mineral resources
the descriptive terminology is greatly confused
by the geologist and ceramist as well as the lay-
man. Thisg is in part due to the almost infinite
variety of clays, and in part to the fact that
the classifications, definitions and descriptions
are based on varying points of view. A brief
classification proposed by Whitlach (1940, pp.
9-10) is a good illustration of the geologists
point of view. A slightly modified version of
Whitlach’s classification follows:

Classification of Clays, Based on

Geologic Origin

A, Residual clays
Surface residuals formed by weathering of
bedrock.
Primary kaolins from granite, pegmatite,
ete.
Ferruginous clays from limestones, shales,
loess, or other bedrock strata; common
types of surface clays.
Subsurface residuals, formed by ascending
or descending waters of supposed meteoritic
origin,
Kaolin and bauxitic clays.
Clays associated with iron-ore deposits.
Subsurface residuals, formed by ascending
water of possible igneous origin.

B. Sedimentary (transported) clays.
By waters into lakes, swamps, or shallow
seas.
Shales.
Underclay of fire-clay type.
Ball clays, plastic fire clay, siliceous fire
clay (wad, sagger and bond clay). Illus-
trated by the clays of the Wilcox group.
Kaolin.
Bentonite (transported in part by wind).
Alluvial clay.
Colluvial clay. Deposits formed by wash
from any other type of deposit.
By wind. N
Loess (transported in part by water).
Bentonite (transported in part by water).
By iece.
Glacial clay.

It will be noted that Whitlach was forced to
use the terms “fire clay” and “ball, wad and
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sagger clays” that are derived from the utiliza-
tion of the clays rather than from geologic
origins.

Definitions

In this connection it would be well to define
a few of the terms used in this report to describe
the clays of the Wilcox group in Arkansas. The
following definitions were proposed by the Com-
mittee of Geological Surveys of the American
Ceramic Society (Ries, and others, 1939, pp.
213-214).

Clay: A naturally occurring earthy aggregate
in which hydrous silicates of alumina usually
predominate. It is usually plastic when suf-
ficiently pulverized and wetted, rigid when dry,
and becomes steel-hard when fired at a suf-
ficiently high temperature.

Ball clay: A very plastic fine-grained refrac-
tory clay firing usually to a white or ivory color
but sometimes to light buff. It commonly fires
to a low-absorbent body between cones 5 and
10, but as high as cone 15 in some cases. It
remains light in color and does not over-fire at
whiteware temperatures. Its function is chiefly
that of a bonding or suspending agent.

Bond clay: A clay of high plasticity and high
dry strength which may or may not be refrac-
tory and is used to bond non-plastic maierials
such as foundry sand.

Fire clay: A clay of either sedimentary or
residual character which has a P.C.E. of not
less than cone 19. It may vary in its plasticity
or other physical properties and while it often
fires to a buff color, it does not necessarily do so.

Filler clay: Any clay used in a crushed or
ground state for purposes other than the pro-
duction of ceramic materials or products, and
generally behaving as an inert ingredient.

Sagger clay: A fire clay or ball clay suitable
for sagger manufacture and of suitable bonding
quality. It may resemble a bond clay in plas-
ticity, but it contains more impurities and may
be more siliceous.

Wad clay: A clay of high plastic tensile
strength and plasticity which can be used to
make a joint between saggers and other refrac-
tory material.



Relationship Between Mineral Composition

and Physical Properties

A classification or description of clays based
on the kind, proportion and particle size of
minerals present would be the most accurate
that could be devised, but the most difficult to
achieve., The relationship between the mineral
composition and the physical properties of clays
is summarized in the abstract of an article by
Grim (1939). To quote from the abstract (p.
141):

The clay minerals occur in flake-shaped particles,
possess base-exchange capacity, and exist in or are
reducible to extremely small grain sizes on working
with water. Different clay minerals possess these
properties in varying degrees.

The clay mineral component is the chief factor de-
termining the properties of a clay. In general, plasticity
and bond strength caused by the clay mineral decrease
in the following order: montmorillonite, illite, and
kaolinite. In many clays, the plasticity and bond
strength mainly result from the presence of montmorillo-
nite minerals or some members of the illite group, al-
though these constituents may compose only minor
amounts of the clay. ... The green properties of clays
are also related to the character of the exchangeable
bases carried by the clay minerals. . . . The properties
of clays are related further to the effective size-grade
distribution developed in use which frequently differs
from the size-grade obtained by mechanical analysis,

The most important clay minerals are kaoli-
nite, montmorillonite, and the illite group. By
far the most important non-clay mineral, quan-
titatively, is quartz and the one second in im-
portance is calcite. In some instances the iron
oxide, which may be present in a variety of
minerals other than hematite, determines the
final usefulness of a clay, although présent in
comparatively small amounts. A number of
other minerals are commonly present in clay,
but their total effect is small.

Pure kaolinite contains no iron oxide and fires
to a white color. Its plasticity and bond strength
are low, and shrinkage on drying and firing com-
paratively low, although the amount of shrink-
age varies with the particle size, as also does the
plasticity. Kaolinitic clays, such as ball clays,
tend to have a fairly high drying shrinkage and
a long firing range. Kaolinite is also exceedingly
refractory and open burning at high tempera-
tures.

The illite clay minerals contain iron, potas-
sium and magnesium as integral const