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LETTER OF TRANSMITTAL

Office of the Mississippi Geological Survey
University, Mississippi
June 25, 1959

Hon. James R. Park, Chairman, and
Members of the Geological Survey Board

Gentlemen:

Herewith is Mississippi Geological Survey Bulletin 86, Mississippi

Mineral Resources, by Frederic Francis Mellen.

The report is designed to serve as a guide to the numerous develop

ment possibilities of the mineral resources of Mississippi. The author

points out the mineral substances that are known to be abundant and

worthy of immediate exploration and development, and also the lesser

known mineral substances worthy of further study.

This report should provide many answers to the questions of industry

and those seeking investment opportunities — the first link of the chain

toward a greater Mississippi.

Respectfully submitted,

Tracy W. Lusk
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MISSISSIPPI MINERAL RESOURCES

FREDERIC F. MELLEN

ABSTRACT

The report summarizes Mississippi's contribution to the Na
tional mineral economy, reviews the trends in production of
various mineral items, discusses the geographic and geologic
distribution of the various raw mineral materials and suggests
opportunities for further development of these resources.

From 1915 through 1930 Mississippi ranked 47th in mineral
production among the 50 reporting political units in the Nation.
With the discovery of gas at Jackson in 1930 and oil at Tinsley in
1939, the Petroleum Industry has given impetus to growth in
mineral economy so that Mississippi now ranks 24th in the Na
tion, the dollar value of mineral production rising from less than
$2,000,000 in 1926 to over $132,000,000 in 1956.

Industries other than oil and gas are beginning to show ma
terial growth, and local capital is increasingly used in develop
ment of new mineral-using industries. Although mineral raw
materials in large quantities are imported for processing in Mis
sissippi, and although many finished mineral products are brought
into the State for distribution and sale, much, if not all of the
demand for these materials and products can be satisfied by
proper exploration and exploitation of local raw materials. An
improvement in the degree of self-sufficiency of the State is
necessary to a virile economy.

Industries whose expansions appear desirable are agricul
tural lime, refining of oil, the ceramic industries (including brick,
tile, pottery, etc.), portland cement, and concrete aggregates,
natural and fired.

Industries which appear to offer opportunity for initial
development in Mississippi are the production of salt, rock wool,
and drilling mud.

Mineral substances appearing deserving of further study
toward industrial use are glass sand, lignite, carbon dioxide gases,
sulfur gases, iron ores, glauconite, heavy minerals, clays for
alumina extraction, tripoli and chert.

The report is illustrated with numerous maps showing dis
tribution, with numerous photographs of plants in operations; it
gives numerous selected chemical analyses, and it includes several
pages of selected topical references.
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INTRODUCTION

PURPOSE

Mineral resources have become a vital part of the economy
of Mississippi. Demand for mineral information has been so great
that the Mississippi Geological Survey Board feels the need for
a short general review of these resources, to point out their
nature, their types, and their values. Mineral substances which
today form the bulk of the produced mineral wealth of Missis
sippi were unsuspected or unproved latent reserves thirty-five
years ago. By the very nature of scientific discovery, new uses
will be found for those mineral substances already in production,
new techniques and applications will permit the utilization of
those known but not now used, and continuous geologic research
will discover in Mississippi mineral resources that now are un
proved or even unsuspected. In short, this report will attempt to
review the present stage of commercial development of our
mineral resources and to point out other mineral materials that
may find a place in the State's economy.

DEFINITION

In a broad concept mineral resources are those non-living
materials within the Earth's lithosphere that are being used, or
that may at some future date be used, for the benefit of human
habitation. Still within this concept, these mineral resources
exist in the three conditions of matter, as solids, liquids and
gases. Most of our mineral resources do not meet the strict
definition of minerals — that they have definite chemical compo
sition— but commonly are mixtures of minerals or, perhaps
more properly, they are mineral substances. These mineral sub
stances may be chemically active or chemically inert, and their
individual properties, of course, determine their ultimate utili
zation in the service of Man.

CLASSIFICATION

In a general way, Mississippi's mineral resources may be
classified as (1) fuels, (2) non-metallic minerals, and (3) metallic
minerals. To some extent, the classification is over-lapping, such
as non-fuel use of lignite, or such as fuel use of uranium, but on
the whole the classification is adequate.
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In fuels, Mississippi long a user of wood, later of imported
coal and petroleum products, and still later of foreign-generated
electricity is currently an important producer of petroleum and
natural gas which make up the bulk of the annual mineral pro
duction. Large deposits of lignite in the northern half of the
State are mineable but have been little explored. Deeply buried
coal in the Pennsylvanian of north Mississippi is known but has
not been carefully studied. Fissionable materials, an increasingly
important source of fuel and energy, are known to be present in
some of the deposits of the State, but are, at present, thought to
be in trace amounts. However, it is hoped that exploratory work
and increasing research technology will discover commercial
sources.

Non-metallic minerals, although at present playing a rela
tively minor part in economic participation, are a large, diverse
and very essential group. Gravels, sands, many types of clays,
stone, asphaltic rock, limestone and chalk, tripoli and chert, rock
salt, waters, glauconite and minor substances comprise this group.
Expanded application of old uses and the development of new
uses of these minerals will undoubtedly contribute a great deal
to the economic advancement of Mississippi. Their use was re
tarded in the past by poor transportation facilities and especially
by the lack of adequate and cheap fuel supplies.

For the first time in Mississippi's history, the State is criss
crossed by an excellent transportation system, railway and high
way (Plate 1), and, what is more important, by an intricate
network of gas lines (Plate 2), carrying a potential fuel supply
to any part of the State. Many of the new mineral-using plants
in Mississippi would not now be here were it not for this vast
fuel supply. Is it not also logical to assume that many more new
industries will be created in the near future by this fortunate
combination of raw materials, fuel supply, and transportation?

The principal metallic minerals are ores of iron and alumi
num, both found chiefly in the northeast quarter of the State.
The principal iron ore is in the form of large lenses of siderite
(iron carbonate) much of which has oxidized to form a low-
sulphur, low-phosphorous limonite. The carbonate ore was mined
in years past for roasting to form hematite, a red paint pigment.
The limonite was once utilized temporarily in a charcoal blast
furnace at Winborn, Benton County, and in more recent years,
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has been shipped to Birmingham, reportedly for up-grading the
ores now in use there. Bauxite exists as a pre-Wilcox residuum
on the surface of the Midway formation. Thus far the grade and
quantity of bauxite have not been found acceptable for devel
opment. Titanium is an accessory metallic mineral in some
analyses, but its importance remains to be demonstrated. Both
iron and aluminum ores may be produced in commercial volumes
in the State in time, and it is possible that economic conditions
will one day permit these metals to be smelted here.

GROWTH OF MISSISSIPPI'S MINERAL INDUSTRY

According to the U. S. Bureau of Mines Mineral Yearbook,
the production of minerals in the United States and possessions
reached an all-time high in 1957. Mineral producing and utiliz-

MISSISSIPPI'S RANK AS A MINERAL PRODUCING STATE
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ing industries have shown a phenomenal growth since 1900; and
Mississippi, which produced almost nothing a few decades ago
has shown marked improvement in valuation of products and
in rank (Figure 1).

Until the 1939 discovery of commercial oil in Mississippi, the
State's position as a mineral producer was unimportant. In 1911
when the value of production was $1,052,842, the U. S. Geological
Survey reported: "The only title of Mississippi to inclusion in
the list of mining states rests in the utilization of some of its
clays, in the digging of sand, chiefly for building purposes, and
gravel, and in the sale of mineral waters." From 1915 through
1930 Mississippi ranked only 47th among the 50 reporting political
units of the Nation (Figure 2). The discovery of new and greater
reserves of oil and gas in Mississippi, as sources of fuel and as
sources of increased capital, together with improvement in trans
portation systems and a generally stable economy, has contributed
to the advancement of Mississippi to 24th place in rank. Now,
with all the economic advantages that the State has for fuller
development of its latent mineral resources, it may be expected
to rise quickly to an even higher position in the Nation's mineral
economy.

SOURCES OF INFORMATION

The most prolific sources of information on the mineral
resources of Mississippi are the numerous specific and general
reports published by the Mississippi Geological Survey. The
Mississippi Geological Society has issued stratigraphic and petro
leum publications and the U. S. Geological Survey has done
some original work from time to time, the results of which have,
in large part, been published by the Mississippi Geological Survey.
Specific information on local developments have been furnished
by the operators themselves, as credited throughout the report.
With few exceptions, the operators readily furnished photographs
and other data when called upon. Much valuable information
has been taken from the records and publications of the Missis
sippi Oil & Gas Board. The Mississippi Highway Department,
the Mississippi Tax Commission, the Mississippi Department of
Agriculture and the Agricultural Stabilization and Conservation
Committee lent ready assistance to this endeavor. For data on
mineral production, the series Mineral Resources (U.S.G.S.),
succeeded by the Minerals Yearbook (U.S. Bur. Mines), has been
used.
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GEOLOGY OF MISSISSIPPI

SURFACE

The geological formations exposed at the surface in Missis
sippi (Figure 3) range from lower Devonian to Recent.* Hard
Paleozoic rocks of Devonian and Mississippian age crop out in
Tishomingo County and dip south-southwesterly into the Black
Warrior Basin. The Cretaceous sediments, ranging from upper
Tuscaloosa (Gordo) through Prairie Bluff, crop out in arcuate
belts from Kemper-Monroe Counties on the Alabama line to
Tippah-Tishomingo Counties on the Tennessee line. The dip of
these beds, normal to their strike, varies from southwesterly to
west-northwesterly at rates of 45 to 25 feet per mile. Younger
Tertiary sediments of Midway, Wilcox and Claiborne (early and
middle Eocene) age crop out arcuately in belts lying west of the
Cretaceous. The rates of dip are similar to those of the Cretaceous.
The upper Eocene, Oligocene, and Miocene sediments strike more
nearly uniformly northwesterly, dipping at relatively low angles
to the south-southwest and southwest. Local anticlinal, synclinal
and fault structures interrupt the normal homoclinal attitudes
of the outcropping bedrock formations. Blanketing large por
tions of the State and masking the bedrock geology are high-
level terraces along the larger stream courses, the "Citronelle"
complex across south Mississippi, and the great Mississippi River
Alluvial Plain, the "Delta", of northwestern Mississippi.

Most of the surface formations increase in thicknesses down-

dip. In addition, new formations develop that have no surface
representation. Collectively, the sediments of Mississippi exhibit
progressive southward downwarping and repeated northward
transgressions of the sea. The beds are nearly all very shallow
marine deposits, littoral deposits, lacustrine, estuarine and fluvia-
tile deposits of the various ages. Cyclical deposition is well ex
hibited in some portions of the State, typically containing coarse
basal transgressive sand or gravel, succeeded by marine or
swampy clays or clay-shales, and, in turn, by regressive silty

*The correlation chart does not agree in all details with usages of the
Mississippi Geological Survey or of the writer. The principal differences
are well known to stratigraphers, are discussed in detail in many strati-
graphic publications and need not be pointed out here. This chart was
selected above others available because it will, perhaps, most nearly
satisfy the Profession. Pre-Permian rocks are not shown.
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sands or silty clays. In this manner the epi-continental deposits
of gravel, sand, clay, marl, limestone and chalk, lignite, siderite
and other surface mineral substances were laid down.

SUBSURFACE

The study of the subsurface geology of Mississippi is still
in its infancy. It owes its present stage of progress largely to
the deep wells drilled for oil and gas. Without cuttings and
cores, and the assistance afforded by modern well-logging tech
niques, it would be impossible to work out the deeply buried
stratigraphic sequences and to reconstruct the geologic history
with all its complexities of sedimentation and tectonics. Sub
surface structural mapping is beginning to be an important tool
in the finding of new oil and gas fields, because heretofore the
densities of well control and the shallow depths to which wells
were drilled were insufficient to be of much help.

A north-south cross-section (Figure 4) through eastern Mis
sissippi illustrates the alternation of structural basins and struc
tural ridges. The tectonic sequences are progressively younger
toward the south: The Black Warrior Basin is largely late Paleo
zoic in age; the Interior Salt Basin is largely Mesozoic in age;
and the Miocene Basin is largely Tertiary in age. In western
Mississippi a series of volcanoes in Cretaceous times produced
profound results in stratigraphy, structure and sedimentation.
There are evidences that there may have been volcanic clusters
in north-central Mississippi at one period or more than one in
the Paleozoic era, but the actual proof of this is one of the many
revelations remaining to deep drilling. Wells drilled to date
have indicated some twelve miles of total sedimentary section
in Mississippi, but no well has yet encountered "basement" rock.
If the rate of development continues as progressively for another
ten years as it has over the last twenty, the human mind can not
now conceive of the wonders that subsurface geological discov
eries will have made by the year 1969.
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THE MINERAL RESOURCES

FUELS

OIL

The first commercial oil production in Mississippi was Union
Producing Company's G. C. Woodruff No. 1 (Figure 5) on August

Figure. 5.—Mississippi's first commercial oil well, Union Producing Company's
No. 1 C. C. Woodruff, discovery well, Tinsley Field, Yazoo County, Mis
sissippi. First production, muddy and watery, is being burned in open pit.
September 5, 1939.

29, 1939. The well, which opened the Tinsley Field, was a result
of surface geological work in Yazoo County by the Mississippi
Geological Survey as part of a project supported by the Works
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Projects Administration, the Yazoo County Board of Supervisors
and the Yazoo City Chamber of Commerce. The Tinsley Field
is still the largest field in the State from the standpoint of total
ultimate oil reserve; but it is hoped that larger fields will be
found. In 1958 Tinsley passed the 150 million barrel mark of
cumulative production. During the development of the Jackson
Gas Field several of the wells on the south edge of the gas
reservoir produced heavy asphaltic oil for which a small refinery
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was promoted. Although this small oil production was not con
sidered to be commercial, it was one of the first real indications
that oil existed in commercial quantities in Mississippi.

In 1931 the Gulf No. 1 Long Bell in Clarke County, Missis
sippi, was drilled on a surface structure discovered by Tom Mc-
Glothlin and made a small amount of heavy oil and salt water
from the Eutaw formation. It is significant that the Jackson Gas
Field, the Quitman Fault and the Tinsley Dome were discovered
by surface geological work. Subsequently seismic, gravity, mag
netic and core drill exploration have become very important in
the State.

The total oil produced and marketed from the wells in Mis
sissippi was 583,388,637 barrels through December, 1958. Missis
sippi now ranks 9th among the oil producing states of the Nation.
The yearly oil production is shown graphically by Figure 6, and
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the location of the fields is shown by Plate I. The State is cur
rently producing approximately 40 million barrels of oil annually,
which is by far the largest single item in the value of its mineral
production. The Mississippi State Oil and Gas Board, which has
regulatory supervision of drilling and producing the oil and gas
wells and fields of the State, regularly publishes statistical reports
giving the basic production data reported by the operators. These
reports are outstanding in their completeness and accuracy.

HORIZONS BARRELS PERCENT
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OCTOBER. 1958

Figure 7

By far the most oil productive strata in Mississippi are the
upper Cretaceous beds. In October, 1958, more than 55 percent
of the oil produced in Mississippi was from upper Cretaceous
reservoirs (Figure 7). Nine years earlier this figure was 85 per
cent. Recent developments in the lower Cretaceous or Comanch-
ean in southcentral Mississippi indicate that the lower Cretaceous
yield will play an important role in sustaining future oil pro
duction. It is probable that the Wilcox has passed its peak and
is declining in its relative importance. The Cotton Valley and
Smackover of the upper Jurassic will increase in importance as
more wells are drilled to the greater depths (Figure 8). The
recent success ratio of wildcat wells drilled to Comanchean reser-
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voirs in south Mississippi will contribute to the average depth
to which wells are drilled in Mississippi, which is among the
greatest in the Nation. The average annual depth of well pene
tration is progressively increasing and certainly the end of this
increase is not yet in sight as long as prospective oil producing
beds still lie unexplored at greater depths.

Figure 8.—Gulf Oil Corp. et al., Soso Field Unit Tract 28-7 Well No. 1-ZB,
completed May 14, 1958, from Cotton Valley (perforated 15,247-56) and
Hosston (perforated 12,598-617) formations. This well was drilled to 19,

040 feet, and the Cotton Valley (Jurrasic) completion makes it the deepesr
producing oil well in Mississippi. Photo by A. B. Wilson, 1958.

Mississippi has approximately 60,000 feet of sedimentary
rocks known by well penetration and by projection of sediments.
Nowhere in Mississippi has basement rock been penetrated. No
part of the State can be considered to be "condemned" from the
standpoint of possible oil production.

NATURAL GAS

In the production of natural gas, Mississippi ranks 8th among
the states of the Nation. Cumulative production through 1958
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was 2,343,562,755,000 cubic feet. The production of gas in Mis
sissippi began in 1926 with the discovery of the Amory Gas Field
in Monroe County in the Carter sandstone of Mississippian
Chester age. In 1930 the Jackson Gas Field was discovered in
the reef-type Jackson Gas Rock of upper Cretaceous age. This
large, porous, reef-type limestone was developed over the top
of a large volcanic island that ceased eruption during late upper
Cretaceous time. Although neither the Amory Field nor the
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Jackson Field was large, their discovery and production provided
incentive for additional drilling, which in time, led to the dis
covery of better and more profitable gas and oil fields in the
State (Figure 9). Plate 2 shows the gas and oil fields of Missis
sippi and the great pipe line system transporting gas to points
within and beyond the boundaries of Mississippi.

Natural gas is one of our most important and essential min
eral products as in the providing of energy and heat and as a
source of hydrogen for the manufacture of ammonia, hydrochloric
acid and other products. In this last-named use it has been the
basis of some of the large chemical plants within the State that
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are not adequately covered in this report. Natural gas is used
increasingly as a fuel in firing brick and tile, cement and aggre
gate kilns and in the generation of electricity in a growing num
ber of gas-fired steam turbine generating plants. The utilization
of gas in the manufacture of brick, tile, cement, aggregates and
other materials is a major factor in augmenting the permanent
wealth of Mississippi, because these products are durable and
useful in the advancement of culture and economics.

LIGNITE

Lignite is vegetal matter that has undergone diagenetic and
metamorphic processes to the extent that it is intermediate be
tween peat and bituminous coal. It is very dark-brown to black,
firmly compacted, light in weight and contains hygroscopic
moisture of 50 percent or more of its weight. Having accumu
lated in marshy environments, it commonly has an "underclay"
and contains impurities of sand, silt and clay which contribute
to its "ash" content. Some lignites, as do some coals, contain
objectionable amounts of iron sulphide, pyrite, which is com
monly associated with carbonaceous matter.

No state-wide study of lignite has been made since the publi
cation in 1907 of Brown's "Lignite of Mississippi," Bulletin 3 of
the State Survey, although many of the recent county reports
contribute some additional specific information. Brown states
(p. 24) that "beds beyond 3 feet in thickness are not very com
mon and those beyond 5 feet are very unusual." The thickest
lignite he observed was the "burning bed" 6 miles southwest of
Lexington, Holmes County, where it is about 8 feet thick. There
is little doubt that Dr. Brown's appraisal of the thicknesses was
in some cases on the conservative side. The Drip Springs lignite
of Winston County, estimated by him to be about 2 feet thick,
was found by auger drilling to average 7.5 feet in thickness, and
was reportedly thicker in nearby bored water wells (Bull. 38,
pp. 81-82, 158-159). "The analysis shows this to be higher in fixed
carbon than any other Mississippi lignite analyzed, and it is the
best of the Winston County lignites examined" (p. 41). The
record of the analyses (air-dried basis) of Brown's samples, under
the direction of State Chemist W. F. Hand follows (pp. 51-52):
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Known subsurface distribution Pennsylvanian rr>?*
coal-bearing strata. ^^
Wilcox lignite-bearing area--

Claiborne lignite-bearing areas

MISSISSIPPI
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Figure 10
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Lignite is found in Mississippi at the Tuscaloosa-Eutaw con
tact, at the Midway-Wilcox contact, throughout the Wilcox, in
the middle Claiborne, in the Forest Hill and the Bucatunna
(Figure 10). Only the Wilcox and Claiborne beds are considered
to be economically important. From these sediments, millions
of tons may be recovered by strip mining and many additional
millions of tons may be recovered by underground mining, if
markets can be developed.

The economic utilization of lignite is very limited in the
Gulf Coastal Plain states. After World War I, several attempts
to mine lignite in the Wilcox of Mississippi were not financially
successful. Just prior to World War II, certain importers were
anxious to exploit domestic sources of van dyke brown which is
manufactured as a dark pigmenting material from certain grades
of lignite. About that time a lignite development was started in
Arkansas. It is reported that lignite is currently being used as
a solid fuel additive to natural gas in a steam turbine electric
generating plant in Texas.

Despite the abundance of lignite as an undeveloped mineral
resource, its utilization must depend upon field sampling and
mapping of the beds and upon thorough laboratory studies of
the compositions and qualities of the material. It has never been
and may never be a competitive fuel, but through laboratory
experimentation many extremely valuable products may be ex
tracted to render lignite mining and processing a profitable
business. Simultaneous working of associated clays may locally
aid in the financial success of lignite production.

COAL

Coal is not found near the surface in Mississippi, but is
present at depths of 1000 feet or more in a few counties of north
Mississippi. The beds, within the Pennsylvanian system, are in
a subsurface westward extension of the Black Warrior Basin of

Alabama where many large coal mines have been and are in
operation. In the wells drilled in Mississippi which have pene
trated coal, it is impossible to tell from available data the exact
thicknesses of the seams. Some of them appear to be 24 inches
or more in thickness, but, on the whole, the subsurface Pennsyl
vanian of Mississippi does not appear to carry as many workable
seams of coal as do the equivalent surface and near-surface strata
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of Alabama. Coal has been noted in Monroe, Chickasaw, Cal
houn and other nearby Counties from deep oil test well cuttings
(Figure 10). The great problems of mining, together with lack
of information on thicknesses and distribution of the seams, make
this a resource of little present interest. Experimental work on
underground semi-combustion of thin coal seams in Alabama and
elsewhere may at some future date enable recovery of coal gases
for fuel.

Figure ] 1.—The California Company's Cranfield Field Unit, Adams County, Mis
sissippi, showing U. S. Highway 84 (right background), field offices, unit

cycling plant and a few individual lease installations. The plant is designed
to conserve reservoir energy in the primary recovery of Tuscaloosa oil, to
recover the liquid hydrocarbons produced with the gas from the Tuscaloosa
gas cap, and to return the stripped gas to the reservoir. Photo by Elwood
M. Payne, October 24, 1947.

UNDERGROUND FUEL STORAGE

Two natural gas storage reservoirs and one LPG (liquified
petroleum gases) storage project are in successful operation in
Mississippi. The Mississippi Gas Company worked over the
Amory Field and drilled two additional wells to convert it to
the State's first natural gas storage project for "peak-shaving"
and other emergencies. United Gas undertook the extremely
expensive job of conditioning the Rankin County portion of the
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Jackson Dome for similar storage. Both projects are in opera
tion, the former having a working-gas capacity of 727,530,000
cubic feet and the later 2,569,305,000 cubic feet. The Petal salt
dome near Hattiesburg in Forrest County is successfully operat
ing as an LPG storage reservoir. An attempt to utilize the Ed
wards salt dome for LPG storage was unsuccessful. Fuel storage
has become an increasingly important feature of our mineral
economy. Therefore, the use of depleted reservoirs for fuels
storage should be considered, as well as the use of excess natural
gas for injection in pressure maintenance systems, as the Cali
fornia Company is doing at Brookhaven and Cranfield (Figure

11).

NON-METALLIC MINERALS

GRAVEL

Gravel deposits are widely distributed over Mississippi, many
of them exceeding 40 to 50 feet in thickness. Figure 12 shows
the locations of commercial gravel and sand aggregate plants
over the State and the physical distributional relation of the
deposits. The narrow belt along the Alabama line in north
eastern Mississippi contains large deposits of gravel in the Tusca
loosa formation, as well as terrace and stream gravels derived
chiefly from the Tuscaloosa, but in part from the Pottsville and
in part from the basal Eutaw. The Tuscaloosa for many years
supported large commercial operations in Tishomingo County
and smaller plants in Itawamba County. At present, however,
there are no commercial plants operating from the Tuscaloosa.
The group of plants around Amory (Monroe County) are devel
oping terrace gravels below the confluence of Tombigbee River

Table 2

Active Gravel & Sand Plants in Mississippi (October 23, 1958)

Plant Letter Producer County

B Greenville Gravel Company Washington
D St. Catherine Gravel Company Adams
G American Sand & Gravel Company Forrest
U Amory Concrete Gravel Company Monroe
V Amory Sand & Gravel Company Monroe
W(A) American Sand & Gravel Company Forrest
GG (T) Traxler Gravel Company Copiah
PP Fleming Gravel Company Lowndes
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Table 2 (Continued)

Plant Letter Producer County

3-M Hotopohia Gravel Company Panola
3-0 West Point Gravel Company . Clay
4-1 Green Bros. Gravel Company Copiah
5-S Gulfport Gravel Company (Sand Only) Harrison
5-W Lincoln Sand & Gravel Company Lincoln
6-C(L) Grenada Gravel Company Yalobusha
6-1 Columbus Gravel Company Lowndes
6-P Crenshaw Gravel Co Panola

6-S Green Bros. Gravel Company Copiah
6-Y Pearl River Sand & Gravel Company Marion
6-Z J. H. Farrish & Sons Gravel Company Carroll
7-A Ellis Sand & Gravel Company Lowndes
7-D St. Catherine Gravel Company Adams
7-E Memphis Stone & Gravel Company DeSoto
7-F John D. McCabe Gravel Company Amite
7-G Traxler Gravel Company ._ Copiah
7-H(N) Nash Contracting Company ....Monroe
7-J Tombigbee Gravel Company... ..Lowndes
7-K Allied Sand & Gravel Company... Lamar
7-L Memphis Stone & Gravel Company DeSoto
7-M Traxler Gravel Company Copiah
7-N American Sand & Gravel Company (Sand Only) George
7-0(W) Williams Gravel Company Pearl River
7-P Leggett Sand & Gravel Company (Sand Only) Harrison
7-Q J. W. Rimmer Sand & Gravel Company Carroll
7-R Petermann Yazoo Ready-Mix Holmes
7-T Underwood Sand & Gravel Company Perry
7-U Green Bros. Gravel Company __.Pike
7-V Trace Road Sand & Gravel Company Monroe
7-X Smith Gravel Company #2 Lowndes
7-Y Jack Ray Gravel Company, Lexington Holmes
7-Z Pearl River Sand & Gravel Company Marion
8-A McCabe Gravel Company Wilkinson
8-B C & P Gravel Company ..Lowndes
8-C Percy Whittom Gravel Company Marion
8-D Hammett Gravel Company Holmes
8-E Hammett Gravel Company .Holmes
8-F J. J. Ferguson Sand & Gravel Company ....Carroll
8-H Hammett Gravel Company Lincoln
8-1 Tennessee Gravel Company DeSoto
8-J Fleming Gravel Company #2 Lowndes
8-K Columbus Gravel Company #2 Lowndes
8-L Riverside Gravel Company Pike
8-M Traxler Gravel Company Copiah
8-N Green Bros., Inc Pike
8-0 J. W. Rimmer Sand & Gravel Company..... Carroll
8-P Cordova Sand & Gravel Company... Hinds
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Table 2 (Continued)

Plant Letter Producer County

8-Q Mid-State Paving Company Franklin
8-R Northwest Miss. Sand & Gravel Company Tate
8-S Pittman Concrete Company Forrest
8-T D. N. Francis Sand & Gravel Company Monroe
8-U Farrish & Son Gravel Plant ....Carroll

8-V Yazoo Ready-Mix Company ....Holmes
8-W Lambert Gravel Company Warren
8-X C & P Gravel Company Lowndes
8-Y Green Bros. Gravel Company ...Copiah
9-A Hammett Gravel Company Holmes
9-B Wright Mud & Chemical Company Marion

y '^ttii ^

1

•CTS5-
'IP*' f

Figure 13.—Washing and screening plant. Crystal Springs Sand and Gravel Com
pany (SW/4 Sec. 33, T. 6S., R. 9W.I, 2 miles northeast of Crenshaw
(M. C. S. Bull. 81, Fig. 45). Photo by F. E. Vestal, July 28, 1953.

and Bull Mountain Creek, and the group of plants around Colum
bus (Lowndes and Clay Counties) are working terrace sediments
at the confluences of Tombigbee River and Buttahatchie and
Luxapalila Rivers. The high water table commonly found in
these stream terraces assures a water supply adequate for wash
ing and screening the sands and gravels which are used in many
types of concrete construction and as road material, or as aggre
gate in concrete or asphalt surfacing.
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The great area in north-central and east-central Mississippi
devoid of commercial gravel and sand plants depends largely on
the Tuscaloosa-Terrace and the Citronelle belts for its coarse

aggregates. Some thin layers in the Cretaceous and Tertiary have
from time to time supplied limited quantities of material for local
road surfacing. Some of the sediments in this area are pebble-
and boulder-bearing but not sufficiently for commercial devel
opment.

The Citronelle gravel belt extends from the Tennessee line
to the Louisiana line and from the Louisiana line to the Alabama

line. Some of the gravel deposits, particularly some of the gravel-
iferous sands, are possibly Mio-Oligocene and therefore older
than the Pliocene Citronelle, with which they are herein mapped
for convenience. This belt maintains by far the greatest number
of commercial aggregate plants (Figure 13).

The alluvial plain of the Mississippi River system has only
two plants in operation at this time, one in Washington County
and one at the mouth of St. Catherine Creek in Adams County.
In periods of active construction within this belt, gravel plants
are set up to dredge below stream level in Sunflower River and
possibly other streams.

The production of the gravel and sand aggregate plants has
been to a large extent periodic. Many commercial plants active
during periods of construction find it necessary to shut down
either temporarily or permanently, or to move to other locations
when original contracts have been filled. Besides the plants now
active (Figure 12, Table 2), hundreds of roadside pits and make
shift plants produce gravel for county road work and other local
use. There is at present no way to estimate accurately the annual
quantity and value of gravel and sand produced.

SAND

Other than sand excavated usually with gravel and used as
aggregate, there is little commercial sand production in Missis
sippi.

In Tishomingo County a sand in the Eutaw contains a natural
admixture of bonding clay and is shipped as a foundry sand
throughout the Nation (Figures 14, 15).
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Figure 14.—Plant of Tri-State Sand Company, near Tishomingo City, Tishomingo
County, Mississippi. Photo by W. S. Parks, April, 1959.

Figure 15.—A sand pit of Tri-State Sand Company, near Tishomingo City, Tisho
mingo County, Mississippi. Photo by W. S. Parks, February, 1959.
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Quartz sands are one of the most abundant materials in Mis
sissippi. They are present as surficial deposits along the Gulf
coast, as river and coastal bars and terraces, and in many highly
overloaded streams they produce a braided stream pattern similar
to that developed in arid regions. Sands are abundant throughout
post-Paleozoic deposits usually occupying a definite position in
the basal portions of the many depositional cycles (cyclothems).
Near the surface, sands are commonly stained yellow, brown or
red with coatings of iron oxides, but below the zone of oxidation
these same sands are clear and free of oxide films. Many sands
are sufficiently high in silica content and free enough of other
deleterious substances to be used in the manufacture of some

grades of glass, and would be satisfactory for such use as to
grain-size and other specifications. Sands of quality suitable for
the manufacture of flint glass can easily be produced at various
localities in the State, but it is not known whether or not their
production would be competitive with sands imported for use
by Knox Glass Bottle Company and General Electric Corporation.

CLAY

GENERAL

Clays and related materials comprise a very large group of
mineral materials that is playing an increasingly important role
in the economy of Mississippi. Thousands of products in common
everyday use utilize clays in one way or another. The detailed
classification of clays is difficult and highly technical, but that
followed herein is somewhat simplified.

Clays and shales are produced from the weathering, assort
ment and deposition of pre-existing aluminous materials which
may have been feldspathic rocks or may have been older clay
or shale deposits or sedimentary deposits having a clay or shale
content. In general, it is observed that clays subjected to the
greatest leaching or lixiviation for prolonged periods of time and
under specific climatic conditions tend to lose silica content and
to increase in alumina content. In many cases, iron oxide content
increases along with the alumina content. Under less severe
conditions of leaching and sub-aerial weathering other types of
clay are formed, having relatively high alumina content but
without any loss of combined silica. Farther seaward in lagoons
and estuaries, are other types of clays and shales; and still farther
seaward, additional changes have taken place in the clays. Thus,
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something of the nature of the environment of deposition of a
pure clay can be determined from its composition ranging from
low silica and high alumina in the non-marine clays to low alu
mina and high silica in the clays deposited on the floor of the sea.
Although this relationship may not always hold true, it is gener
ally applicable to the clays of Mississippi. The bauxites and
kaolins are in the northern parts of the State nearer the center
of the old continental land mass, while lower alumina clays are
the dominant types in southern Mississippi which was more
frequently submerged by invasions of the Gulf of Mexico.

The uses of clays are so numerous and varied that research
into the specific application would be necessary to answer all
questions raised about Mississippi clays. Certain of these clays
achieve fairly high degrees of purity and others are variously
impure. Many commercially usable clay strata are only a few
feet thick, while others may be hundreds of feet in thickness.

KAOLINITIC CLAYS

Kaolinitic clays are present at two horizons in Mississippi:
at the surface of the Paleozoic below the Tuscaloosa formation

in Tishomingo County and at the top of the Midway formation
in a belt extending arcuately from northeastern Lauderdale
County through Tippah County. The former deposits are known
as the Little Bear residuum and the latter as the Betheden re

siduum. In both areas, the kaolinitic clays are associated with
bauxitic clays and lateritic substances. The principal kaolin
deposits are in the Betheden. The kaolin is commonly ten feet
or more in thickness and in some cases grades into bauxitic
materials. Analyses* in Table 3 are fairly representative of the
quality of the kaolin or china clay. These clays are known to be
present in millions of tons throughout the Betheden belt. They
can be beneficiated for higher type ceramic products and are
amenable to alumina extraction by sintering processes. They
are useful in the manufacture of high alumina refractories and
high alumina quick-setting and other specialty cements.

*For convenience, a system of sample designation was worked out for
the county minerals surveys (WPA-sponsored) as follows:

County (letter); hole, pit or location (number); type of sample
(C, for confirmation, P, for primary, and S for statigraphic); sampled
interval (number). Thus, sample A155P4 indicates the sample came
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from the County bearing the prefix "A", Tippah County; from test
hole 155; that it is a "primary" sample, more or less representative of
a sizable deposit, sampled in sufficient quantity for thorough laboratory
testing; that it is the 4th interval sampled, which, by reference to the
log in "Tippah County Mineral Resources" is found to be 8.9-14.0 feet.

Prefixes used are as follows:

Winston County (Bull. 38) None
Tippah County (Bull. 42) A
Lauderdale County (Bull. 41) B
Yazoo County (Bull. 39) C
Union County (Bull. 45) D
Warren County (Bull. 43) E
Forrest County (Bull. 44) F
Adams County (Bull. 47) G
Tallahatchie County (Bull. 50) H
Scott County (Bull. 49) J
Choctaw County (Bull. 52) K
Montgomery County (Bull. 51) L
Clay County (Bull. 53) M
Pontotoc County (Bull. 54) N
Monroe County (Bull. 57) P
Itawamba County (Bull. 64) R

The purpose of the designations is to establish a permanent index system
relating the deposits to the test results and by which the test pieces and
sample remainders can be stored systematically by the Mississippi Geo
logical Survey for future reference.
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Table 3

Analyses of Mississippi Clays and Related Materials

Bauxites

Sample Al.,Oa Fe.,03 Si00 TiO, ign-loss n-vHF H.,0* Total
S-97 57.68 0.14 15.36 1.68 25.22 0.30 0.60 100.98

S-66 36.63 26.27 14.18 1.60 14.83 1.84 3.25 98.60

S-76 30.35 32.65 15.02 1.60 16.10 1.26 2.95 99.93

S-l 47.75 2.15 27.24 2.40 19.76 0.42 0.78 100.50

X 34.91 1.19 32.70 1.19 12.35 15.98 1.75 100.07

Kaolins

13-P1 38.51 1.61 41.76 1.65 14.34 2.01 99.88

A-87 . 39.05 0.40 41.73 3.00 13.52 2.09 99.79

D-186,3-4 ... 43.15 0.85 38.91 2.10 15.08 .78 100.87
N-199,2-3 ...40.70 1.29 38.85 1.72 15.45 1.69 99.70

Ball Clays (Anauxite)

153-P1 31.61 1.44 51.11 1.14 11.60 4.49 101.39

N-199,1 32.56 4.80 47.25 1.56 11.40 2.30 99.87
H-128,3-4 ... 29.22 2.19 57.32 .81 9.69 .76 99.99
B-64,P1 .....34.24 0.84 51.77 1.17 10.43 1.87 100.32

Bentonite

C-53-P1 ..... 24.97 5.15 57.89 .50 10.60 1.06 100.17

No. 6 17.47 5.38 60.60 .... 9.83 7.70 100.98

No. 1_ 19.69 5.96 59.07 .... 8.55 7.26 100.53

No. 3 .......23.29 5.92 59.53 .... 8.14 3.16 100.04

Montmorillonitic Clays (Marine Clay-Shales)

A-264,C1 ....17.64 1.67 72.58 0.25 6.95 1.72 100.81
53AP1 21.12 6.07 61.87 1.05 7.07 4.08 101.26

J4,5 22.96 5.16 51.65 0.78 14.80 3.68 99.03
C59,P1 ..20.00 6.70 56.84 0.65 9.79 7.22 101.20
C4,Cl-3 ...... 17.50 7.70 48.99 0.80 13.25 11.90** 100.14

Loess

C9,Cl-8 ......16.20 3.35 66.27 0.75 8.10 6.14 100.81
Cl,Cl-3 .....16.05 3.37 67.62 0.60 7.53 4.62 99.79

Loessal Clays

C23,Cl-3 ....14.66 4.25 73.05 0.85 4.08 4.11 101.00
C24,Cl-2 ....12.40 4.58 74.78 0.90 2.85 5.72 101.23
E144,Cl-3 ..15.02 2.31 74.67 0.89 2.84 4.80 100.53

*Analyses other than bauxite are on dry basis.
** 10.84% CaO.

Bauxites

S-97 —J. R. Warren, 14.9'-17.0', East Smoky Top, Pontotoc Co., Miss.
(B. 19, p. 93.) Betheden.
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S-66 — John Wiley Tutor, 4.1'-8.8', Pontotoc Co., Miss. (B. 19, p. 136.)
Betheden.

S-76 — J. V. Wallace, 4.6'-8.2', Union Co., Miss. (B. 19, p. 143.) Betheden.
S-l —I. V. James, 0-12', Tippah Co., Miss. (B. 19, p. 155.) Betheden.
X — Sturgis, Oktibbeha Co., Miss. (B. 19, p. 171.) Betheden.

Kaolins

13-P1 — E. P. Rainey, ll'-21', Winston Co., Miss. (B. 38, p. 93.) Betheden.
A-87 —W. L. Roberson, 4.9'-12', Tippah Co., Miss. (B. 42, p. 147.) Beth

eden.

D-186,3-4 — O. D. Gray, 13.0'-23.8', Union Co., Miss. (B. 45, p. 126.) Beth
eden.

N-199,2-3 —W. C. Sledge, 6.1'-10.5', Pontotoc Co., Miss. (B. 54, p. 115.)
Betheden.

Ball Clays

153-P1 —J. W. Sullivan, Winston Co., Miss. (B. 38, p. 126, p. 133.) Fearn
Springs.

N-199-1 — W. C. Sledge, 0-6.1', Pontotoc Co., Miss. (Bull. 54, p. 96.) Fearn
Springs.

H-128,3-4 —A. N. & S. R. Newman, 9.9'-20.1', Tallahatchie Co., Miss.
(B. 50, p. 112.) upper Zilpha.

B-64/P1 — Ed Cannady, 6.2'-11.4', Lauderdale Co., Miss. (B. 41, p. 204.)
Fearn Springs.

Bentonites

C-53,P1 — W. E. & R. E. Selby, 1.75', Yazoo Co., Miss. (B. 39, p. 99.) Vicks-
burg.

No. 6 —Attapulgus Clay Co. (Filtrol), Polkville, Smith Co., Miss. (W. F.
Hand, 149, 937.) Vicksburg.

No. 1 — Watkins, Pontotoc Co., Miss. (W. F. Hand, 149, 932.) Ripley.
No. 3 —Mrs. B. E. Evans, Itawamba Co., Miss. (W. F. Hand, 149, 934.)

lower Eutaw.

Montmorillonitic Clays

A-264,C1 — Kate Davis, 0-25', Tippah Co., Miss. (B. 42, p. 183.) middle
Porters Creek.

53API — C. J. Morehead, 2'-37', Winston Co., Miss. (B. 38, p. 140.) middle
Porters Creek.

J4,5 —Adams Edgar Lbr. Co., 6.9'-13.0', Scott Co., Miss. (B. 49, p. 121.)
upper Yazoo.

C59,P1 —Kate Smith, 18.7'-31.7', Yazoo Co., Miss. (B. 39, p. 94.) upper
Yazoo.

C4,Cl-3 —Ed Cooper, 1.7'-34.6', Yazoo Co., Miss. (B. 39, p. 81.) lower
Yazoo.

Loess

C-9, Cl-8 —J. A. Brunner, 0.5'-63.7', Yazoo Co., Miss. (Bull. 39, p. 109.)
CI, Cl-3 —Jim Gibbs, 0.4'-31.4', Yazoo Co., Miss. (Bull. 39, p. 109.)

Loessal Clays

C-23,Cl-3 —C. F. Harris, 0.3'-18.6', Yazoo Co., Miss. (Bull. 39, p. 109.)
C-24,Cl-2 — State of Miss., 0.3'-15.6', Yazoo Co., Miss. (Bull. 39, p. 109.)
E-144,Cl-3 — O. L. Elder, 0-14.9', Warren Co., Miss. (Bull. 43, p. 81.)
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ANAUXITIC OR BALL CLAYS AND STONEWARE CLAYS

The clays in this category, as shown by the four analyses
(Table 3) are considerably lower in alumina and higher in silica
than the kaolins. Some of these clays are extremely fine-grained,
plastic, and tough and form excellent ceramic bond clays. They
are found chiefly in the Fearn Springs (basal Wilcox) and in
part of the Claiborne. Where clays of this type are silty or contain
fine sand, they have been used for a great many years in the
manufacture of pottery (Figure 16). The specific county mineral

Figure 17.—Commercial clay bed in the Kentucky-Tennessee Clay Company's
pit (NW. i/4, Sec. 21, T. 7 S., R. 9 W.), 3 miles southeast of Crenshaw
(M. C. S. Bull. 81, Fig. 42). Photo by F. E. Vestal, May 9, 1956.

survey reports give descriptions of these clays (Figure 17), which
appear to be considerably more abundant than the kaolins. These
clays can be beneficiated through the reduction of iron oxide and
titanium oxide for high grade ceramic use. They may eventually
be considered raw materials for alumina extraction in sintering
processes.

A relatively thin bed of ball clay underlying a lignite bed
at the top of the Tuscaloosa is known in Monroe and Itawamba
Counties. Clays of this type are not mentioned in the geologic
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literature from south Mississippi, although some of the clays
from Adams County appear to have ceramic utility. High-grade
light-colored face brick such as are being manufactured at the
present time in Marshall County, can be manufactured from these
clays in many of the counties of north Mississippi.

BENTONITE CLAYS

Bentonite is characteristically an extremely fine-grained,
tough clay formed by the alteration of volcanic ash, evidence of
which is presented in the form of unaltered shards of volcanic
glass and biotite mica. The four analyses records (Table 3) indi
cate the approximate range in chemical composition of this im-

Figure 19.—Dixie Bond plant, Eastern Clay Products Department of International
Mineral & Chemical Corporation at Smithville, Monroe County, Mississippi:

(1) stockpile, approximately 65,000 tons of bentonite, (2) dry shed, (3)
kiln, milling and storage housing. Photo Eastern Clay Products, January 21,
1959.

portant clay, the chief mineral component of which is mont-
morillonite. Impurities commonly found in bentonite are sand
and silt, non-bentonite clay, lime in the form of marine shells,
and less commonly lignite and pyrite. Bentonite clays usually
have a waxy or a mealy texture, but in either case, a good benton
ite is easily distinguished from other types of clay.
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Figure 20.—Aberdeen plant of American Colloid Company on Aberdeen Branch
of Illinois Central Railroad Company, Monroe County. "Panther Creek"
Eutaw bentonite is produced as foundry bonding clay. Photo American Col
loid Company, 1959.

Figure 21.—Filtrol Corporation's bentonite activation plant at Jackson, Missis
sippi, producing adsorbent clays for oil decolorization and other uses. Look
ing northeast. Photo by Manley, Tucson.
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The principal commercial deposits are in Smith, Itawamba
and Monroe Counties (Figure 18). By far the thickest deposits
are in the basal Eutaw formation in Itawamba and Monroe

Counties, where millions of tons have been marketed by the
three principal operating companies, Filtrol Corporation, Eastern
Clay Products Division of International Minerals and Chemical
Corporation and American Colloid Company (Figures 19, 20).
Filtrol ships the raw bentonite from its northeast Mississippi
mines and its Smith County mines to its activation plant (Figure
21) at Jackson, which produces bleaching clay used in the refin
ing of oils and other materials that respond to the highly adsorb
ent properties of this clay. The other companies produce the
bentonite chiefly for bonding clay for use in foundry molding
sands. This industry has been active in Mississippi since 1939.
The clays are mined, kiln dried to a low hygroscopic water con
tent, ground extremely fine, and sacked in moisture-proof bags
for shipment to foundries all over the Nation.

An admirable conservation practice has been worked out
between the two industries which are competitive for the raw
material but not for the market. The yellowish and brownish
oxidized collar or fringe of the bentonite bed around the edges
of the hills contains ferric iron hydroxide which is undesirable
in the activation processes, but these weathered or incipiently
weathered clays have increased bonding strength, which renders
them more desirable as bonding clays. Accordingly, Filtrol Cor
poration has had an arrangement with at least one of the bond
ing clay companies to sell this so-called "skimmer" clay, which
is transported to the stockpile of the bonding clay company and
thus maximum utilization is made of these valuable bentonite

deposits in this area.

Bentonites are also used as drilling muds, as suspending
agents and for many other purposes. Tests run on Mississippi
bentonites have indicated that the addition of alkalis will improve
their suspending properties and render them equal in many
respects to the better drilling muds on the market today.

Bentonite was first recognized in Mississippi in the late 1920's,
and the production of this clay has grown rapidly to be one of
the largest mineral industries of the State. Little is known about
the reserve of commercial bentonite in the State. Data relating
to the annual production are not available; however, there is
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reason to believe, in view of the large output of the plants now
operating and of the limited areas in which commercial thick
nesses of these clays are known, that the time has come for con
cern over the future supplies of raw material for the existing
demand.

The small deposit in Prentiss County and the considerably
larger deposit of bentonite in the Ripley formation in Pontotoc
County were worked out in a very short time. In the Vicksburg
limestone belt, a great deal of bentonite is known where its rela
tive thinness and the fact of its being sandwiched between beds
of hard limestone and marl militate against its exploitation. Thin
or very local beds of bentonite have been reported at numerous
horizons throughout the Cretaceous, in the Midway, in the basal
Wilcox, in the Claiborne, in the Yazoo clay of the Jackson forma
tion and in the Bucatunna clay member of the upper Vicksburg
formation. It is possible that commercial thicknesses of bentonite
may exist locally at the same horizons that these beds only a
few inches in thickness are known. Further exploration over
the State may discover such reserves, although such a discovery
does not appear probable.

MONTMORILLONITIC AND MARLY CLAYS, ABSORBENT MATERIAL,

LIGHTWEIGHT AGGREGATE

The clays comprising these groups are among the most
abundant mineral substances in the State and are at many places
hundreds of feet in thickness. It will be noted that they are
somewhat similar to bentonite in chemical composition, in that
they usually contain a relatively low alumina content, a rela
tively high iron oxide content and a high silica content (Table 3).
Many of these clays have been determined to have montmoril-
lonite as their chief mineral constituent. They are largely of
marine origin and in many cases contain calcareous marine shells
which would be objectionable in some clay products but would
be desirable in others. From the pure clay, these deposits grade
on the one hand into silty or finely sandy materials and on the
other into highly marly, calcareous materials. The clays of this
group, although extremely abundant in the State, have not been
used to any great extent. Efforts to develop them as insulating
material have been made, but the most successful commercial
use to date has been in the preparation of absorbent substances
and lightweight expanded clay aggregate for concrete. Two
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Figure 22.—Plant of Howell-Southern Products, Inc., Ripley, Tippah County, Mis
sissippi, which produces fired clay aggregated for absorbent and deodorizing
purposes: (1) clay pit-basal Porters Creek, (2) shredding shed, (3) dry
shed, (4) kiln building, (5) cooler, (6) product storage, (7) screening

and crushing, (8) silos, (9) bagging, and (10) loading. Photo by Richard
Allin, December, 1958.

Figure 23.—Blue Mountain (Tippah County) plant of Wyandotte Chemical
Corporation, which produces a fired granulated absorbent material, market-
as "Zorball", from the Porters Creek clay. Photo by Wyandotte, March 7,
1959.
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plants in Tippah County produce a fired granular aggregate used
extensively as an industrial absorbent (Figures 22, 23). It is
finding a growing market in the poultry industry as an absorb
ent, in brooder houses, cages and other places and later as a
fertilizer or soil conditioner. The finely porous granules of
different sizes resulting from the high temperature kiln firing
of the Porters Creek clay in Tippah County have countless every
day uses that are being developed by Wyandotte Chemical Com
pany and Howell-Southern Clay Products Company, Inc.

Figure 24.—Miss-Lite aggregate plant of Jackson Ready-Mix Concrete at Cyn
thia, Hinds County, Mississippi: (1) pits opened in the Yazoo clay, (2)
clay dry shed, (3) rotary kiln, (4) clinker storage area, (5) grinding,
screening and storage of graded aggregates, and rail or truck shipping
facilities. Photo by Frank Noone, July 2, 1958.

At Cynthia, Hinds County, the Miss-Lite Division of Jackson
Ready-Mix Concrete put into operation in 1958 the State's first
large lightweight concrete aggregate plant producing a graded
expanded clay aggregate for structural concrete out of the Yazoo
clay marl. This plant is currently producing 300 tons of graded
aggregate daily, principally for use by producers of concrete block
throughout the State (Figure 24). Continuing research by the
company has discovered other valuable commercial application
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for this aggregate. The plant is situated on a 670-acre tract of
land under which the Yazoo clay reaches a maximum thickness
of approximately 400 feet.

The great thicknesses of some of the marine clays in this
group might make them attractive at some future date for the
extraction of alumina through sintering processes. Their ceramic
utility is limited because of the tendency of most of them to
bloat and fuse at relatively low temperatures. Even so, there
are many ceramic applications for the clays of this group.

At Kosciusko, Attala County, Magnet Cove Barium Corpora
tion (Figure 25) began in 1958 producing the Zilpha marine clay-
shale as a foundry bonding clay which is marketed as "bentonite."

One of the most promising uses of the montmorillonitic clays
is for oil well drilling muds, of which many thousands of tons
are used annually in the State at a price of about $50.00 per ton.
A specifically favorable type of Porters Creek clay in Tippah
County, investigated by McCutcheon, maintained its good weight
and viscosity with increase in salt content. Such a mud would
be unusually valuable in drilling in the Salt Basin of south Mis
sissippi.

SHALES

The Paleozoic (Mississippian Chester) shales crop out only
in Tishomingo County, where their distribution is very restricted.
No representative chemical analysis or ceramic test is available.
A mile east of the State line, in Colbert County, Alabama, Corinth
Brick Company operated a pit from which Alsobrook shale was
taken to Corinth for brick-making. Here the shale is approxi
mately 80 feet in thickness.

SURFACE CLAYS AND SILTS

By far the most important group of clays suitable for the
manufacture of brick and tile are the weathered surface clays
and their silty intergrades. These clays furnish the principal
materials used by the eighteen brick plants now operating in
Mississippi (Figure 26). Fifty or sixty years ago there were many
more brick plants than today, but it is probable that the com
bined capacity was much less then than now.

The clays of this group are (1) residual from the bedrock
formations, (2) alluvial accumulations in the valleys of small
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or large streams, or (3) loessal silt or silty clay of eolian (wind
blown) origin in part modified by weathering agents.

As in several other states of the Mississippi Valley, so in
Mississippi, the loess and loessal clays (brown loam) are the
most wide-spread and abundant ceramic material. Around 1900,
perhaps a dozen or more plants manufactured deep-red fine-
textured brick along the loess bluffs from the 4- to 6-foot blanket
of brown loam. Logan reports some of these plants utilizing up
to 20 percent of the underlying loess as an admixture. Two
analyses each of loess and brown loam show the high silica, low
alumina content (Table 3). Curiously, the brown loam, having
greater plasticity, has a lower alumina content, but a higher
iron oxide content. Perhaps much of the alumina in the loess
is in the form of feldspar which would have no effect on plastic
ity.

The great thickness of the loess, 50 to 60 feet or more, its
remarkable uniformity in grain size, texture and chemical compo
sition, and its great distribution, in a belt from Louisiana to
Tennessee, should encourage research into its use, either in the
manufacture of brick or in other products.

NATURAL CLAY PIGMENTS

In Tishomingo County, thick deep-red and red-brown kao
linitic clays and bright yellow clays have been investigated as
natural paint pigment; and in World War I, some clay was shipped
for this purpose. In World War II, Eastern Clay Products, Inc.
mined and shipped a few carloads of yellow ochre from the
Betheden horizon in the Pinedale community of southwest Union
County and western Pontotoc County. The clay was used as a
pigment in camouflage paint. Yellow clays are known in several
places in the State but are usually thin and of very restricted
lateral extent. The deep-red iron-rich sandy clay-loams over
lying some of the glauconitic units, particularly the Winona-
Zilpha beds in Newton and Neshoba Counties, are worth investi
gation as a possible source of a cheap red pigment for paint,
concrete or ceramic uses.

STONE

Mississippi contains little good building stone. The Cata
houla (Miocene) sandstone has found limited use in building, as
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Figure 27.—Cabin constructed of Highland Church sandstone in Tishomingo
State Park, Tishomingo County, Mississippi. Photo by W. S. Parks, June,

1959.

Figure 28.—Gang mill at quarry of Mississippi Stone Company, Tishomingo Coun
ty, Mississippi (NW.i/4, NE.i/4, Sec. 7, T. 6 S., R. 11 E.l. Photo by W. S.
Parks, April, 1959.
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have the hard limestones of the Vicksburg formation (Oligocene).
The soft "chimney rock" facies of the Vicksburg has been sawed
into brick for local construction. On limited scales the dark-

brown ferruginous sandstones common, but not abundant, in
many parts of Mississippi have been used for rustic paving and
veneered construction. At best this could be considered a speci
alty product because of its relatively limited quantities, usually

Figure 29.—Asphaltic oolitic limestone of Chester age, produced by Alabama
Asphaltic Limestone Company as a natural rock asphalt paving material,
south of Margerum, Colbert County, Alabama, (NE.'A, Sec. 12, T.4 S., R. 15
W.I, 3-Vz miles east of Tishomingo County line. May 26, 1941.

as sheets of stone only a few inches thick, developed near the
surface at sand-clay contacts. Very locally, too, some of the hard
bauxite at the Midway-Wilcox contact and the hard sandy lime
stone of the Chiwapa member of the Ripley formation have been
used in rustic construction.

The chief possibilities for development of commercial build
ing stone are the Paleozoic rocks of Tishomingo. County. Lime
stones are present in suitable quantity, but the best possibilities
are the sandstones of the Highland Church (Hartselle) member
of the Forest Grove formation. Several quarries have been active
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in recent years in the vicinity of Tishomingo. The stone is a
strong, durable, fine-grained, light-gray to light-tan sandstone,
making a very pleasant appearance on construction. W. C. Morse,
former State Geologist, has for many years encouraged the use
and development of this lasting and attractive structural mater
ial (Figures 27, 28).

ASPHALTIC ROCK

In Tishomingo County, the Chester (upper Mississippian)
limestones and sandstones are locally impregnated with asphalt
or bitumen to the extent of being suitable for natural asphaltic
paving material. The most usable rock, perhaps, is the South
ward Pond limestone "A" (Gasper oolite) which is exposed chief
ly along the west and north rims of Southward (or Cypress)
Pond. This stratum has been worked commercially for many
years just across the State Line, south of Margerum, Alabama
(Figure 29). The asphaltic oolitic limestone stratum is normally
10 to 15 feet in thickness. Early experience with production and
utilization of the asphaltic Chester sandstones in Alabama has
indicated that the quartz sand grains contribute to rapid abrasion
of the pavement surface in contrast to the better bonding char
acteristics of the limestone. None of the sandstones has been

worked in Alabama for many years. Elsewhere in Mississippi
are small amounts of grahamite and asphaltic impregnations in
Mesozoic and Tertiary sediments, but they are insufficient for
commercial interest.

LIMESTONE AND CHALK

CEMENT MATERIALS

Cement materials are widely distributed over Mississippi
(Figure 30). Portland cement is made from a definite natural or
artificial blend of calcareous, siliceous and aluminous compon
ents, fired to fusion (clinker), and ground to an impalpable flour
(portland cement). When mixed with sand and gravel aggregates
and water, the cement takes up the water in chemical combina
tion, forming a tightly interlocking mass of minute crystals,
cementing the aggregates together (concrete).

The two cement plants now in operation in Mississippi are
Marquette Cement Manufacturing Company at Brandon, Rankin
County, and the Mississippi Valley Portland Cement Company
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at Haynes Bluff, Warren County. The Marquette plant began
producing cement from the Vicksburg limestone, marls and clays
in 1950 (Figure 31). Its effective clinker capacity (Company's
Annual Report, 1957) is 1,253,000 barrels per year. The writer
was reliably informed that the 1958 production was 1,100,000
barrels (4 sacks per barrel) of portland cement and 100,000 barrels

Figure 31.—Marquette Cement Manufacturing Company plant at Brandon, Rankin
County, Mississippi. This larger of the State's two cement plants has an

annual capacity of more than 5,000,000 sacks of cement. Photo by Bob
Hand.

of masonry cement. The production of this plant has had a bene
ficial effect upon the mineral economy of the State, supplying
income directly and indirectly to many families, and reducing,
to a large extent, the quantity of cement Mississippi had there
tofore found it necessary to import from Alabama, Tennessee
and elsewhere. The increased use of cement in road building,
in construction, in the petroleum industry, in the greatly ex
panded concrete building-block and ready-mix concrete indus
tries encouraged the successful establishment of a locally financed
stock cement manufacturing company. Mississippi Valley Port

land Cement Company began production in January, 1959, with
a rated capacity of 750,000 barrels per year (Figure 32). This
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new plant was built at a cost of about $5,000,000, will have an
annual payroll of $500,000, and employs 75 to 100 people.

The Paleozoic limestones of Tishomingo County are variously
adaptable to the manufacture of cements. Water, rail and high
way transportation favor the development of a large industry
in this area, as do the availability of electricity, natural gas, real
estate and labor, and the charges for them.

Figure 32.—Mississippi Valley Portland Cement Company plant at Haynes Bluff,
Warren County, Mississippi: (1) quarry face, (2) primary crusher, (3)
washing and screening, (4) overhead conveyor, (5) Mississippi State High
way 3, (6) limestone storage, (7) milling house, (8) slurry blending and
storage, (9) slurry tanks and kiln feeding equipment, (10) kiln, (11)
clinker cooler, (12) clinker storage, (13) silos, and (14) sack house. Photo

by Newton Advertising Agency, January 25, 1959.

Within the Selma chalk belt are the best opportunities for
cheap utilization of raw materials for cement manufacture. Cer
tain strata within the Selma are relatively thick (50 to 100 feet),
contain 80 to 85 percent CaCCX, and are covered by only a foot
or two of overburden. Should sufficient market demand develop
in the future, the Selma belt offers unexcelled potentialities for
economical cement production.
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AGRICULTURAL LIME

Mississippi is endowed with an ample supply of lime suitable
for agricultural purposes. The lime deposits, in 18 counties, (Miss.
Geol. Surv. Bull. 46, pp. 5 and 6) have fair distribution. As of
many other items of our economy we are, nevertheless, importers
of much of our agricultural lime.

Figure 33.—Agricultural Lime Board's Cedar Bluff plant, Clay County, Missis
sippi: (1 ) truck unloading chalk lumps, (2) crusher shed, (3) storage and
loading bin, (4) rail and highway transportation. December, 1958.

Liming materials may be classified as follows: (1) hard
crystalline high-calcium Paleozoic limestone of Tishomingo Coun
ty; (2) chalk of the Selma and Prairie Bluff, varying in impurities
such as sand, clay, mica and pyrite; (3) marls of the Vicksburg
formation, varying in impurities of sand, glauconite and clay;
and (4) hard non-crystalline or semi-crystalline limestone, gen
erally high-calcium, of the Vicksburg formation.

In 1945 the State of Mississippi, through its Department of
Agriculture and Commerce, Division of Lime, put into operation
the first successful agricultural lime plant in the State, at Cedar
Bluff, Clay County, on the Demopolis member of the Selma chalk
(Figure 33). The plant was the result of cooperative efforts of
the State Agricultural Department, Mississippi State Chemical
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Laboratory, Mississippi Extension Service, Mississippi Geological
Survey and the U. S. Agricultural Adjustment Administration
which sponsored a survey of the State's lime deposits. By 1951
profits from successful operation at Cedar Bluff permitted the
construction of a second plant at Macon, Noxubee County, also
on the Demopolis chalk. The production of the two plants is
tabulated by years:

Table 4

Annual Production of Agricultural Lime in Mississippi

Cedar Bluff Plant Macon Plant Total

Year Tons Tons Tons

1945 22,022 (5 Mos.) 22,022 (5 Mos.)
1946 59,464 59,464
1947 35,467 35,467
1948 24,331 24,331
1949 29,057 29,057
1950 101,051 101,051
1951 105,556 29,439(6 Mos.) 134,995
1952 56,510 33,886 90,396
1953 25,035 12,436 37,471
1954 57,523 33,694 91,217
1955 60,246 29,337 89,583
1956 90,095 50,388 140,483
1957 37,468 23,486 60,954
1958 66,078 35,037 101,115

Totals : 769,903 247,703 1,017,606

Officials of the Agricultural Stabilization and Conservation
Committee of the U. S. Department of Agriculture advise that
Mississippi has some 10,000,000 acres of lime-deficient pasture
land and crop land, and they recommend the use on these lands
of an average of one ton of lime per acre each five years, or the
utilization of 2,000,000 tons annually. Figure 34 shows the annual
production of the Division of Lime (all for use within the State),
the total tonnage for which cost-sharing was paid through the
Agricultural Conservation Program (closely approximating the
total amount of lime used), and the net deficiency in use. Thus,
the soils of Mississippi, except in the small non-deficient areas,
have not for the first time reached the recommended lime bal

ance, nor, at the present rate of liming, will they ever reach that
balance. Important and profitable increases in yield of row
crops and pastures have been reported from many farm appli-
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cations of liming. Agronomist W. B. Andrews summarized (Miss.
Geol. Surv. Bull. 46, p. 4) the efficacy of lime on soils as follows:

The Value of Liming Acid Soils

The use of ground limestone (CaCOJ has doubled the yield of
lespedeza, soybeans, and winter legumes on some soils in Mississippi.
In addition to supplying calcium for plant food, lime helps to keep phos-

1,600,000- :•:•:•:•::;

i.«00,000-

1,200,000-

1,000,000- :

'

400,000-

YEARS

Figure 34

phorus in a form which is available to plants, and reduces the loss of
potash by leaching. Consequently, over a period of years, less phos
phorus and potash are required where a good supply of lime is main
tained in the soil. The application of lime to strongly acid soils increases
the calcium content of the grasses and legumes grown. When the cal

cium content of these plants is increased, they are more palatable to
livestock, and they, in turn, produce more meat and milk.
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In general, sandy soils are lower in lime than soils which contain
more clay. The use of more than 1000 pounds of lime per acre often pro
duces over-liming injury on sandy soils. Over-liming injury can be
avoided and the lime needs of crops can be supplied by applying 750 to
1000 pounds of ground limestone per acre every three years. Decreased
yields due to the use of too much lime can be corrected by the use of
five pounds of borax per ton of lime used.

The distribution of natural liming materials is shown in
Figure 30 which also shows the locations of the Cedar Bluff and
Macon plants. The combined capacity of these two plants is
about 100 tons per hour. It is immediately apparent that sources
of commercial agricultural lime in the Vicksburg formation belt
need to be developed. In eastern Smith County, near Sylvarena
(NW.y4, Sec.9, T.2 N., R.9 E.), a start in the production of lime
was made recently on a small scale by P. D. Houston, Bay Springs,
Mississippi; also (NE.y4, SE.%, Sec.22, T.2 N., R.9 E.) by Grady
James of Sylvarena and Sam Bass, Sumrall, Mississippi, operating
as The Smith County Lime Company, Bay Springs, Mississippi.
It is reported (Feb. 17, 19, 1959) that the Houston plant has
produced and marketed more than 1800 tons and the James and
Bass Plant 1467 tons. The plants have reported hourly capacities
of about 15 and 30 tons, respectively. Most of the sales have been
to cash customers without A.C.P. assistance.

WOOL ROCK

Rock (mineral) wool is widely and principally used as an
insulating material. Its manufacture is relatively inexpensive
because of the simplicity of the process and the wide range of
tolerance in composition of the wool rock. Impure chalk, or
impure limestone or marl may be used. The deposits of lime
stone and chalk shown in Figure 30 can be utilized, after specific
study of the material selected, in the process. In addition, Coun
ties other than shown on the limestone belts contain marls that

would not be suitable for cement or agricultural lime but are
sufficiently high in lime to constitute a base for wool rock. The
raw material, of proper composition, is melted and from a thin
stream of the melt is blown into long silky fibers of opaque glass
or into glassy pellets. Due to the light weight of the product and
the relatively low cost of plant construction, the rock wool in
dustry is a decentralized one.

All the rock or mineral wool used in Mississippi is imported
from plants in other states. The use of insulating substances is
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a greatly expanding practice, integral with air-conditioning, heat
ing and cooling systems, in homes and in places of business, in
refrigeration systems and in systems requiring the confinement
of heat and sound. Although no data are available on the require
ments of the Mississippi rock wool market, the extent of the
wool's use is suggested by the insulation advertisements on the
yellow pages of the current Jackson, Mississippi, telephone direc
tory. In 1945, T. E. McCutcheon, working with W. C. Morse, pro
duced good quality rock wool in the Mississippi Geological Sur
vey's laboratory from the basal Annona (Demopolis) member
of the Selma chalk near Tupelo, Lee County. The results of the
study were published as Survey Bulletin 62, "Rock Wool." The
establishment of a rock wool industry in Mississippi is many
years overdue.

CHERT AND TRIPOLI (SILICA)

Chert and tripoli (pulverulent chert or pulverulent silex)
are found in the northern part of Tishomingo County in decalci
fied strata of Iowa (Mississippian) age, the Iuka chert. The
characteristic steep-sided chert hills border the Pickwick Reser
voir on lower Bear Creek, the Tennessee River valley and Indian
and Yellow Creeks. Only in the area south of Eastport and north
of Little Bear Creek are the tripoli deposits known in the Iuka
chert. Spain (p. 3) points out that the tripoli deposits lie in a
plane declined southwesterly in a 40 mile distance from an ele
vation of about 800 feet in the Waynesboro-Collinwood district in
Tennessee to an average elevation of about 425 feet in Mississippi.
This slope, less than half a degree, conforms to the structure of
the Mississippian rocks and roughly conforms to the major
Mesozoic unconformity about 100 feet higher. Although in this
area the Little Bear residuum rests locally upon the cherts, it
is quite evident that the principal decalcification and silicification
of the Mississippian limestone took place prior to the advance
of the Cretaceous sea, and that the chert gravels of the Tusca
loosa (Gordo) and of the Eutaw in this area were locally derived
largely from the Mississippian cherts.

The Iuka chert has a thickness of over 100 feet and the

tripoli a thickness of 15 to 20 feet, containing more or less chert.
These beds, and the early attempt to produce the tripoli, are
described by Morse (p. 91 ff.) and by Vestal (pp. 8-12).
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The tripoli (Figure 35), more than 98 percent SiO,, has been
utilized experimentally as a pottery "flint," as the quartz ingred
ient of glass, and for abrasives and its other common uses.

The chert appears to offer exceptional possibilities for use
in a number of fields. Local phases contain large, tough, durable

Figure 35.—Tripoli, A. W. Mangum property, Tishomingo County. Photo, 1936.

and insoluble rough blocks that would be well suited for rip-rap
and that might be competitive with limestone, since drilling and
blasting would not be required. Smaller blocks, because of their
angularity and insolubility would be excellent lower course ma
terial for roadbeds and foundations for construction in areas

where soil stabilization is required. Such uses of chert blocks are
especially needed in many parts of Mississippi where expensive
structures and pavements are deteriorating because of lack of
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foundation support. Much of the chert is coarse, porous, per
meable and insoluble and might be utilized profitably in filter
beds and for similar purposes. Another use for the larger blocks
of chert is in ornamental rustic construction such as is common

in the Ozark region. The finer chert can be used as a road metal
on secondary roads, as a concrete aggregate or as roofing granules.
The chert deposits lie, for the most part, fronting or close to
the navigable Tennessee River System and would be available
by water transportation along the western part of Mississippi
and elsewhere. Should the Tennessee-Tombigbee Waterway be
come a reality, the cherts would be more economically available
along the eastern side of Mississippi and the western side of
Alabama. They may find profitable utilization as bedding for
oysters along the Mississippi Gulf Coast.

The industrialization of Mississippi has greatly increased the
use of high temperature refractories as linings for rotary, peri
odic and tunnel kilns and for fire boxes of many types. Silica
refractories are in much demand because of their refractoriness

at temperatures at which fireclay brick begin to soften and be
cause of slight expansion instead of contraction when subjected
to heat. Parmelee and Harman conducted experiments in Illinois
with ground novaculite chert using tripoli as fines for improving
density of the mix. The qualities of the cherts and tripoli of
Tishomingo County are similar to those of Illinois chert on which
the promising experimental work was done.

ROCK SALT, SOLUBLE SALTS SOLUTIONS, AND WATERS

ROCK SALT

A thick blanket of rock salt, the Louan salt, underlies approxi
mately the south half of Mississippi at depth ranging from about
10,000 feet or less to possibly 25,000 feet or more (Figure 36).
This evaporite sequence, possibly 4,000 to 6,000 feet in normal
thickness, is composed principally of halite (sodium chloride or
rock salt), lesser amounts of anhydrite (calcium sulfate) and
probably numerous other more soluble and less soluble salts.
It has been assumed, possibly without adequate supporting evi
dence, that the Louan evaporite basin was periodically invaded
by the sea; that special conditions prevailed which permitted
the deposition of sodium chloride, but that the brines in the
land-locked Louan sea were never concentrated to the point of
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Figure 36

precipitating the more soluble salts such as are found in the
Stassfurt district. Where critical conditions develop, the parent
Louan salt bed flows under the weight of the heavier overburden
and gives rise to rod-shaped or mushroom-shaped stocks of salt,
rising vertically many thousands of feet into the covering sedi
ments. When these stocks of salt penetrate under-saturated
water-bearing strata, the sodium chloride or more soluble salts
pass into solution, leaving the anhydrite and other less soluble
materials as a residue. In this manner the cap rock which over
lies all of our piercement domes had its origin.

Forty-eight of these relatively shallow piercement domes
have been proved by drilling in the State (Figure 37). Many
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more have been indicated, more or less conclusively, by gravity
and seismic exploration, in part supported by exploratory drill
ing. These shallower domes have not been rewarding to oil and
gas exploration which was responsible for discovering them but
they offer a great future in the production of salt and the many
derivatives of salt chemistry.

The domes vary greatly in size and in depth below the sur
face (Table 5). Many of them are adaptable to recovery of con
centrated salt solution simply by the circulation of cool fresh
water. A few might lend themselves to underground mining on
a large scale where the salt would be removed in solid form.

It is unfortunate that Mississippi is the only Gulf Coast state
containing known salt domes that does not produce its own salt.
Although the supplies in this State are practically unlimited,
millions of dollars are spent annually for salt and salt products
produced in other states. Aside from table salt and salt used in
food preservation and in refrigeration, large amounts are used
by Hooker Chemical Corporation at Columbus, and by the Ameri
can Potash and Chemical Corporation at Hamilton, in the manu
facture of sodium chlorate. The salt for these industries is shipped
by rail from Louisiana. Similarly, soda ash, used as a flux in
glass manufacture, is imported by Knox Glass Bottle Company
and General Electric, both in Jackson. Caustic soda is used in
large quantities as a gelling or suspending agent in drilling muds.
Hydrochloric acid is used extensively in acidizing oil and gas
wells to increase their potentials. Chlorinated hydrocarbons are
used in nearly all insecticides and in many herbicides. Salt's
chemical applications seem to be without end. Particularly with
the recent and current advent of new and large chemical indus
tries in the State it is desirable to develop the domestic salt
deposits to supply the demand as far as possible.
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SOLUBLE SALTS

Several of the stratigraphic units in Mississippi contain sol
uble salts which upon natural leaching are removed by solution
and carried downstream or are oxidized to form insoluble mater

ials, which, in turn, in the case of certain iron compounds, are
sources of limonite cement. As far as is known, the principal
soluble salts are ferrous and ferric sulfates. Locally soluble iron
salt is concentrated in near-surface clays to such an extent as to
be commercially profitable to extract by leaching. A number
of plants (Figure 25) are and have been for many years in opera
tion in southeast Smith County, southwest Jasper County, and
possibly in other parts of the State. Here the concentration of
the iron sulfate is in the Bucatunna clay overlying the Vicksburg
limestone. Local concentrations of this salt have been noted in

the Bucatunna clay in Warren County at Vicksburg, in the Yazoo
clay south of Satartia in Yazoo County, at horizons in the Wilcox
and in some of the highly carbonaceous clays of the Cretaceous.

In the commercial operations the clays are dug from the
pits and stored in drying sheds for a period of time allowing the
minerals in the clays to undergo incipient oxidation and drying.
The clays are then loaded into vats and saturated with water
until the concentrated reddish-brown astringent solution has
been drained from the clays into barrels for shipment to market.
This material is used extensively in feeds and in various medical
preparations.

It is not always clear whether the sulfates of iron as such
are present in the fresh clays or whether they are derived in
part from geochemical alteration of iron sulfide (probably mar-
casite). In any case, it is observed on the near-surface weathering
of pyrite-bearing sediments that in the presence of calcareous
materials, crystals of calcium sulfate or gypsum are commonly
produced; and in the deficiency of iron and calcium, long, fibrous,
white, astringent crystals of aluminum sulfate are produced
through the decomposition of pyrite and interaction on the alumi
num silicate composing the clay.

The fact that these "medicine" plants have been in operation
in the Smith-Jasper County district over a period of about 50
years indicates that the raw material is present as a large reserve
and that its development has not yet been fully attained. Geo-
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logical and geochemical research on these deposits may render
much needed assistance to these plants in expanding their opera
tions, and in the possible utilization of their spent clays.

SALINE AND FRESH WATERS

The information derived from the drilling and logging of
thousands of deep wells in the development of oil and gas in
Mississippi has proved what had been known in a general way
for many years, that Mississippi is one of the best watered areas
of its size on the face of the earth. One has only to examine the
ground water potential of another area to realize how much more
fortunate Mississippi is in its fresh water supply. Parts of the
State are underlain by artesian aquifers totaling 1000 feet or
more in thickness, and extending over many square miles. Some
of these areas can support industries that require enormous daily
volumes of fresh water having low mineral content. Other parts
of the State do not have enough ground water to supply large
municipal or industrial withdrawal, but there is scarcely any
part that cannot furnish its present demand for fresh ground
water. In some parts of Mississippi, too, the interface of fresh
water and salt water lies at 3000 feet below the surface or even

as deep as 3500 feet below the surface. Such a deep fresh water-
salt water interface is greatly beneficial to the State because it
increases the reserve of fresh water, but, at the same time the
relatively deep fresh water-salt water interface means that it
is necessary to drill to greater depths for reserves of oil and gas
and for recovery of salt water solutions.

In the production of oil and gas in Mississippi, the salt water
is many times the volume of oil produced (Figure 38). The analy-.
ses of salt waters have been largely neglected and very few such
analyses are available. Many millions of tons of soluble salts,
mostly sodium chloride, have been drawn from the oil fields of
Mississippi and returned to underground reservoirs or are allowed
to escape into the soils or into the fresh water streams.* Some
of the oil field waters have very high concentrations of sodium
chloride, possibly sufficient for industrial use. It is not known
what lesser salts or chemical compounds and elements might
exist in these waters. A study of this kind would be a continuing

*The State, through police powers vested in its Oil and Gas Board,
Board of Health and Game and Fish Commission has made commendable

progress in the control of pollution.
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investigation which should be profitable both to the petroleum
industry and to the chemical industry that might utilize the sub
stances discovered. The writer has made a practice of collecting
waters whenever the opportunity presented itself and in so doing
has been able to accumulate a few dozen water analyses from
various formations. Table 6 is a compilation of Paleozoic water
analyses from Pontotoc County, and by no means does it repre
sent all the ingredients in these particular waters nor does it
represent the maximum concentrations of the ions reported in
the area. The salinity of water is to some degree a function of
depth, because the more solids in aqueous solution, the greater
the specific gravity of the solution. It follows that waters from
the deepest reservoirs would likely carry the greatest amounts
of dissolved solids.

150 -
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HO - j
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90

80

, ,

-

50

40

30

-20

10

31 32 133 134 135 136 13,7 138 39 J40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60

Figure 38

As discussed in the section on salt domes, it is not known
definitely that there are no potassium salts in the evaporite
sequence of Louan salt deposition. Careful sampling of waters
and adequate analyses of these waters might show the presence
of potassium salts in concentration sufficient for commercial
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exploitation and might indicate an origin in the Louan sequence.
Many of the laboratories which have analyzed Mississippi waters
have not reported potassium. The extraction of solid chemicals
from the deep mineral waters of Mississippi offers a great possi
bility for future development of the chemical industries of the
State. It is necessary to know what radicles should be determined
in analyses and how well a sample so analyzed is representative
of the fluid content of the formation from which it came.

Electrical resistivity measurements which are determined by
well logging have furnished a vast reserve of data that is useful
in locating saturated or near-saturated saline solutions. Some
of these data were used by Hawkins and Jones in a technical
study of oil field brines in Mississippi and southwest Alabama
Although the methods used indicate the total electrolytic poten
tials of the reservoir fluids, it is still necessary to obtain true
samples of formation waters and to analyze them in detail in
order to determine the type or types of mineral salts present.
Here, again, because sodium chloride is the most abundant salt,
the data are reported as sodium chloride equivalents.

GLAUCONITE

Glauconite or greensand is a common or abundant constitu
ent of many marine sediments in Mississippi. It is described by
F. W. Clarke: "In oceanic sediments, and chiefly near the 'mud
line* surrounding the continental shores, the important mineral
glauconite is found in actual process of formation. This green,
granular silicate of potassium and iron occurs in rock of nearly
all geologic ages, from the Cambrian down to the most recent
horizons, and there has been much discussion over its nature and
origin. In composition it is exceedingly variable, for the definite
compound is never found in a state of purity, but is always con
taminated by alteration products and other extraneous substances.
. . . According to the best analyses, glauconite probably has, when
pure, the composition represented by the formula Fe ''' K Si2 Oe
aq., in which some iron is replaced by aluminum, and other bases
partly replace potassium."

The chief glauconite-bearing formations of Mississippi are
the Eutaw, the Winona, and the Moodys Branch. Lesser amounts
of glauconite are present in the Devonian limestone, the basal
Mississippian shale and limestone, at intervals through the Cre-
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taceous, in the Midway, and at several horizons in the Wilcox,
the Tallahatta, the Archusa and Potterchitto, the Mint Spring
marl and the Byram marl. The distribution of the more important
glauconite units and the locations of analyzed samples are shown
in Figure 39. The glauconite-bearing strata are relatively thin,
varying from a feather edge to a maximum of around 50 feet.

In 1946, Carnegie Foundation granted research funds to Mill-
saps College. A portion of the funds was allotted to the Chemistry,
Physics and Geology Departments for a joint study of the glau-
conitic sands of Mississippi. Although the data are unpublished,
they have been roughly compiled and made available to the writer
by R. R. Priddy. Should demand arise, this work could easily
be expanded into a separate bulletin on the glauconite resources
of Mississippi. The 24 analyses (Table 7) do not include the
alkalis which were "apparently lost as volatile material during
loss-on-ignition procedures." The oxides of potassium and sodium
(Table 8) were calculated by flame photometer. Unfortunately,
the analyses given are of the glauconite concentrates, and the
data showing ratios of the concentrates to impurities (sand, clay,
shells, etc.) are not in readily usable form. In some samples the
glauconite concentrate exceeded 50 percent of the total sample.

Glauconite is used as a zeolitic water softener and as a source

of potassium for fertilizers. Minerals Yearbook reports the pro
cessing of glauconite limited to two plants, one in New Jersey
and one in Maryland, producing annually less than a 6,000 ton
average total glauconite concentrate. The analyses indicate all
glauconite to have a high percentage of iron oxide. Under certain
conditions of weathering, the combined silica and many of the
other materials are dissolved leaving limonitic iron ores as an
end product. The ores of East Texas originated in this manner
from strata equivalent to our Zilpha and Winona. Some of the
limonite ores of Alabama and Georgia undoubtedly had their
origin in similar processes, as have small quantities of brown
ore in a few places in Mississippi.

Deep, red sandy soils characterize the weathered surface of
glauconitic sands, and such soils are generally fertile and easily
tilled. The depth of weathering of most glauconitic sands contri
bute to usual thick overburden to the unoxidized glauconite strata.
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Table 8

Potassium Oxide, Sodium Oxide and Ignition Losses of Some

Glauconite Samples.

N

.a a
co a

O
O

CI

CTJ 8.8

o.a £ £ ^ .2?

* MB-7 60 2.93 0.28 13.20

* P-2 3.27

* Z-l 3.09 0.69 14.49

* W-l 2.51 0.15 14.80

W-3 3.71 0.71

* W-7 40 4.08 0.37 13.29

Ta-2 3.36 0.34

(Antrim from Clarke) 8.00 2.00 7.00

(Italy-Clarke) 7.00 2.00 6.00

In fact, unweathered or unoxidized glauconite is rare along some
of the outcrop belts, except in fresh excavations where the glau
conite is recognized by its bright green color.

RARER SUBSTANCES

It is 'well to be on constant lookout for evidences of rare

minerals that might, unexpectedly, lead to discovery of unsus
pected resources. A few of these rarer or less known minerals
have been found in the State and may, in time, lead to commercial
exploitation of substances which are now unpromising.

Rare small crystals of purplish fluorspar, for example, were
found in Tippah County in a sample of Knox dolomite at 1,835-45
feet in the Memphis Equipment Company's No. 1 W. E. Melton,
drilled in 1956.

Native sulphur is reliably reported to have been found in
amounts considered sub-commercial on some of the salt domes

of south Mississippi. Elemental sulphur might profitably be
extracted from well gases (see section on unusual gases) or from
flue gases from kilns firing products high in sulphur compounds.
Sulfuric acid is extensively used in the manufacture of fertilizer,
in the activation of bentonite, and in the manufacture of hydro
chloric acid by reaction with salt.
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UNUSUAL GASES

In west-central Mississippi wells drilled as oil tests of the
Smackover formation have encountered large volumes of non-
inflammable gases in both sandstone and carbonate facies of the
formation (Figure 40). The cores from these tests commonly
show large open or crystal-lined vugs, calcite and anhydrite veins,
and other evidences of strong chemical corrosion of the Smack
over sediments. The action of sulfurous gases in the presence of
water or water vapor on lime-bearing rocks would produce
the secondary phenomena described, giving sulfates and carbon
dioxide as end products.

Conversely, it may be inferred that these reactions are in
complete where substantial percentages of sulferous gases (prin
cipally H2S) remain, as at Tinsley in Yazoo County and at Loring
in Madison County. Commercial processes are in operation in
other states for the extraction of elemental sulfur or sulfuric

acid from sulfur-rich gases, and it is probable that such processes
can be applied to Smackover gases in Mississippi. Both sulfur
and sulfuric acid are used extensively in the State in the manu
facture of fertilizer, and the acid is used by Filtrol Corporation
in the activation of bentonite. The few available analyses of
these gases indicate high sulfur content in a westerly direction
and nearly pure carbon dioxide in an easterly direction (Table 9).

Carbon dioxide as the gas and as carbonic acid is not only
essential to life on earth, but is extremely important in many of
the physical geologic processes. While in nature its acidic re
actions are profound, industry, for the most part, has had to
utilize stronger and faster-acting reagents. Carbon dioxide is

Table 9

Analyses of Smackover (Jurassic) Gases

Well CO., H N2 o„ H2S CxHy He A Undet. Total

1(a) 95.2" 0.4 4.4* 100%

Kb) 98.0 2.0 100%

2 95.63 0.05 0.53 0.08 3.16 0.24 0.01 0.3 100%

3 70.60 2.82 7.10 19.48 100%

4 74.38 0.24 6.37 19.01 100%
5 99.60 0.40** 100%

6 (Analysis not available)

1. Lion Oil Co. No. 2 Denkman, Rankin County, Mississippi (22-7N-4E);
(a) 15,088-15,140';
(b) open hole DST to 16,276' TD; both tests flowed large volumes of

non-inflammable gas. D&A 7/11/52.
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2. Continental Oil Co. No. 1 Cameron, Madison County, Mississippi (36-
10N-1E), 13,783' to 13,970': 2400 MCF/day on 3/8" T.C. @ 700#, BHP
6577#, SITP 2343#; Completed as Hosston oil well, 7/8/51.

3. Carter Oil Co. No. 1 Brown, Madison County, Mississippi (31-11N-4E),
Loring Field, 12,133' to 12,487': 4589 MCF/day plus 223 bbl. condensate
on 5/8" T.C. @ 1000# TP, BHFP 3025-4550#, completed as producer,
7/19/54.

4. Average flow stream compositions, Loring Field, Madison County, Mis
sissippi, Carter Oil Co. No. 1 Brown (31-11N-4E) and Carter Oil Co.
No. 1 Cage-Sutherland (6-10N-4E).

5. Carter Oil Co. No. 1 Kersh, Rankin County, Mississippi (18-8N-5E),
average flow stream compositions: 14,524-14,789 on 3/8" T.C. flowed
at rate 6,000 MCF/day @ 1800#, BHFP 5820-6330#, SIBHP 7610#;
14,442-14,480 on 3/8" T.C. flowed at rate 6200 MCF/day @ 1935#,
BHFP 6705-6765#, SIBHP 7317# (approx. 160' total porosity by
microlog.)

6. Union Producing Co. & Jones-O'Brien No. 1 Logan, Yazoo County,
Mississippi (23-10N-3W), Tinsley Field, a highly corrosive gas from
the Smackover limestone. Prior to plugging, for safety, the well, on
production test 13,985-14,427, flowed at rate 2439 MCF sour gas plus
68 bbl. 55.8° condensate per day on 7/16" choke, flowing pressure
652 psi.

* Indicated N2&H.
** 02 & N2; trace hydrocarbon (contamination ?).

used, however, in many chemical processes such as the Solvay
process, the lime-sinter process of alumina extraction, and it is
widely used in beverages and in the manufacture of "dry ice"
for refrigeration. These gases are obtainable in large volumes
as, for example, in Loring Field where approximately 400,000,000
cubic feet are vented monthly from the two wells in the produc
tion of about 11,000 barrels of oil.

METALLIC MINERALS

IRON ORES

Iron, in its various combined forms, is one of the common

chemical elements in the rocks of Mississippi. It is present in
many clays as soluble salts. It is the coloring agent of the red,
brown and yellow sands and clays that he mostly within the
"zone of oxidation" at the earth's surface. It is particularly
abundant in glauconite, ranging from 13 percent to 30 percent
iron oxide in the Mississippi samples analyzed (Table 7).
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The principal iron ore deposits are in the Wilcox of north-
central Mississippi (Figure 41). At and near the surface the ore
is the hydrated oxide, limonite. At Winborn, Benton County,
a charcoal blast furnace turned out 125 tons of pig iron about
the beginning of World War I (Figure 42). The ores used were
limonite and gray iron carbonate, siderite, both low in sulphur
and phosphorous. At Flat Rock Church, Benton County, George
S. Mepham Paint Company operated an open cut iron carbonate
mine for many years, shipping the ore to the Company's factory
at East St. Louis for roasting to the red oxide.

Intermittently, over the past 25 years, a few railroad cars
of ore and ore concentrate have been shipped to Birmingham
for smelting. Freight rates have been the largest single item of
expense and thus far no producer of ore appears to have made
a profit. The concentrates, in cases running 50 percent or more
metallic iron, are reportedly of a desirable quality. The ores of
iron are discussed in a number of bulletins of the Mississippi
Geological Survey, by Lowe (Bull. 10, Bull. 12, Bull. 14), by
Attaya (Bull. 71, Bull. 74), by Vestal (Bull. 73, Bull. 75), and by
Lusk (Bull. 80) (Figure 43). Many millions of tons of mineable
ore of high quality are estimated in the northern Wilcox belt.
Smelting of these ores within the State may be economically
feasible, now or in the near future.

ALUMINUM ORES

Bauxite, the principal ore of aluminum, is present at the top
of the Midway formation (Figure 41) as part of the Betheden
residuum in Tippah, Benton, Union, Pontotoc, Calhoun, Webster,
Oktibbeha, Noxubee, Winston and Kemper Counties (Bull. 19).
Bauxitic clays are present in Tishomingo County. In the weather
ing alteration of clays or other aluminous rock beyond the mineral
kaolinite, combined silica is replaced by combined water to form
a hydroxide of aluminum. The analyses of some Mississippi
bauxite samples illustrate the high combined water (loss on
ignition) and the decreased silica content of the bauxite over
the clays (Table 3). In some of the bauxite samples, the hydrated
oxide of iron has increased simultaneously with the hydrated
oxide of aluminum. As compared with the Arkansas bauxite
deposits of the same age, but which were formed from feldspar-
rich nepheline syenite, the Mississippi bauxite is vastly inferior.
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Figure 42.—Pig iron (125 tonsl smelted by the furnace at Winborn. (M. C. S.
Bull. 12, Fig. 13) (M. C. S. Bull. 80, Fig. 28).

'

Figure 43.— Iron ore concretion in road ditch INW.'/i, NW.'/i, Sec. 12, T.5 S.,
R. 1 W.) about 2.5 miles north of Winborn (M. G. S. Bull. 80, Fig. 29).
Photo by Tracy W. Lusk, June 4, 1956.
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It is in thin lenticular beds, is lower in alumina, generally higher
in iron and silica, and much more widely scattered areally.

The known Mississippi deposits of bauxite and bauxitic clay
are intimately associated with much larger tonnages of kaolin
and anauxite and the utilization of these materials concurrently
in alumina extraction by sintering processes may be feasible.
These ores have been considered in the manufacture of quick-
setting cement and ferro-silicon.

OTHER METALLIC MINERALS

URANIUM

Commercially usable concentrations of uranium salts are not
known to exist in Mississippi. Nevertheless, the State's scientists
should continually be abreast of research on fissionable raw
materials in other areas and alert to exploit such materials when
found here in paying quantities. Radioactive logging of oil test
wells have indicated some zones of unusual radioactivity, and
surface prospecting has found evidences of uranium in black
shales and lignitic beds. Heinrich reports radioactive minerals
in sedimentary formations that have equivalents in Mississippi:
(1) ". . . near Mauch Chunk (now Jim Thorpe), Pa., in the Potts-
ville conglomerate and Pocono sandstone (Pennsylvanian and
Mississippian)"; (2) "In Texas at Tordilla Hill, Karnes County,
in the upper Jackson formation (Eocene); in the Catahoula for
mation (Miocene) near Sample, Gonzales County; and in the
Gueydan formation (Miocene) near Freer, Duvall County.";
(3) the Chattanooga shale which, in Alabama and Tennessee:
"Of the radioactive shales in the United States it is the most

favorable possible future low-grade uranium source, because
it is relatively radioactive, widespread, relatively thick, and is
generally not deeply buried."; and (4) in the Tuscaloosa and
younger sediments of Georgia. Burton and Sullivan report ura
nium concentrations in the Upper Cretaceous of Mississippi, of
6.5 to 12 parts per million and in the Upper Cretaceous of East
Texas of 3.3 to 6.7 parts per million. Experiences in other areas
are teaching us the natural methods of secondary enrichment
of uranium compounds and the necessary environments of depo
sition and accumulation in sedimentary deposits.

Uranium concentration in sediments has been found to vary
positively with increase in colloidal material, with organic mater-
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ial, with phosphatic material, and with subaerial laterization,
and negatively with increase in quartz and with certain other
conditions. These conditions will be understood more and more

as the search for uranium continues. Priddy points out the highly
lignitic nature of a facies of the Fearn Springs clay in Pontotoc
County and elsewhere along this belt. The possibilities of this
particular horizon would appear to be enhanced by its super
jacent relationship to the Betheden residuum of bauxite, bauxitic
clays and kaolin.

HEAVY MINERALS

Exploitation of natural concentrations of heavy mineral
sands in Florida is a relatively new and vital industry that might
be extended into Mississippi. R. D. Foxworth completed in 1958
an excellent masters thesis on the heavy minerals from the
beaches and islands of the Mississippi Gulf Coast. The ultimate
source of these twenty-six minerals is considered to be the south
ern Appalachian mountains. Foxworth considers that these sands
are drifting westerly near shore and that local concentrations
of the minerals are due to specific gravity, grain size and wave
action. The processes of concentration are perhaps little differ
ent today than they have been at various times in the past in
Mississippi. Therefore, similar or greater concentrations of these
minerals might be found in the coastal terraces or within the
older stratigraphic column. Foxworth's summary table gives
these minerals in the following abundance:
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Table 10

Average Heavy Mineral Composition of the Beach of Each Area
and the Total Area
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Andalusite x x X X X

Apatite X _— — — — — —

Augite & Diopside X — — X — —

Dolo. & Sid x X X 0.1

Epidote X — —

Garnet x X X X X

Hornblende (Brn) 0.1 0.1 X X X 0.2 0.2 X

Hypersthene X —

Ilmenite 13.4 13.1 3.1 6.1 8.9 24.8 10.8 11.4

Kyanite 27.4 26.3 25.5 32.9 30.5 22.1 31.3 26.7

Leucoxene 2.5 3.5 3.5 2.2 3.3 1.7 1.5 0.1

Lim. & Hem. 3.2 5.3 3.7 3.3 2.2 2.1 2.4 1.0

Mineral X 0.2 X X X 0.5 X X 0.7

Pigonite X X 0.1 X

Pyrite & Marc. 0.2 0.2 0.3 0.2 0.2 0.4 0.1

Rutile 1.8 1.4 2.2 0.4 1.2 6.0 0.2 0.3

Sillimanite 1.2 1.5 0.5 0.7 1.2 0.3 1.6 1.5

Spinel x X X X

Staurolite 26.2 24.6 20.5 22.5 28.7 25.2 31.0 30.8

Titanite x X X X X X

Tourmaline (Brn) 18.9 18.2 27.4 28.2 19.8 8.6 17.9 24.2

Blue 0.2 0.3 __.. 0.1 X 0.2 0.1 0.5

Green 0.9 1.4 1.2 1.7 0.6 0.7 0.7 1.1

Colorless 0.4 0.3 0.5 1.2 0.6 0.1 0.6 0.4

Zircon 1.6 1.6 0.9 0.2 0.5 6.3 0.1 0.4

Gold, Lead and Silver

The valuable metals, gold, silver, lead and even zinc have
been widely reported over the State, seemingly always in a
legendary fashion. None of these metals is known authorita
tively to be indigenous to the rocks of the State, but erratic
specimens of their ores are sometimes found.
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REQUIREMENTS FOR A USABLE MINERAL DEPOSIT

The requirements for the successful and profitable develop
ment of mineral deposits are many and variable. All the factors
are economic and may be listed, generally in order of importance,
as follows:

1. Demand

2. Size of deposit
3. Uniformity of material
4. Transportation
5. Drainage and mining costs
6. Fuel and water supply
7. Labor supply

Demand, being synonymous with market, must exist in actu
ality or potentially prior to the establishment of the industry.
Demand may be obvious, or it may require a lengthy and expen
sive market survey in order to be felt. Capital to develop the
new mineral industry is, of course, absolutely necessary, but
has not been listed above because where there is demand and

market people have always come up with money and resources
to do the work required.

A mineral deposit must be large enough in itself or in combi
nation with other deposits to sustain the new industry through
its amortization period and for a reasonable life expectancy there
after. This assumes the new industry to have no title or other
ownership problems in the deposit.

A mineral deposit must be uniform within the limits pre
scribed by its market and by the facilities to produce the mineral
product. This uniformity, or the lack of it, must be known before
there is any production, particularly if the new industry is a
stock company. Variations from uniformity require adjustments
and deviations in processing which increase costs of production
and reduce margins of profit.

Transportation is a broad term applicable to the movement
of raw materials, machinery, labor and finished products. Con
verted to costs, it cannot occupy too great a percentage of the
receipts of the finished product. Many of our mineral products
are carried to market over roads and highways or through pipe
lines; most products, at one stage or another, utilize rail trans-
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portation from mine to processing plant and from plant to
market; and some of the mineral products are benefited by the
availability of water transportation. The accessibility by air
for supervisory personnel and for emergency parts and supplies
is also included in this term.

Unusual expenses in mining cannot be sustained in the
ordinary mineral industry, because they reduce the competitive
position of the company. Excessive water commonly determines
the economic limit of a mining operation, for example, when a

Figure 44.—Misceramic Tile Company's Cleveland, Mississippi, plant has an

estimated 7,000,000 square feet annual capacity of floor and wall tile.
Although largely financed in Mississippi, all of the ceramic ingredients, ex
cept some of the ball clay, are imported. Photo by Sawyer, 1959.

deposit is worked to the point where it passes below the water
table. In cases, the life of the deposit can be extended by pump
ing, but pumping, as compared to natural drainage, reduces the
margin of profit. The removal of excessive overburden and
underground mining likewise reduce the margin of profit.

Fuels in ample supply at established rates are necessary to
the successful exploitation of mineral deposits. Electricity is
now almost always an essential. Natural gas and fuel oil, coal
and coke are common fuels, each having its own advantages and
its own limitations in use and price. In some mineral industries
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large volumes of water are required; lack of water may retard
development of some deposits indefinitely.

The availability of labor is a local situation varying from
time to time. In broader perspective the availability of labor
is related to general economics. The working of a mineral deposit
does not often bring great wealth to the owner of the land or
even to the operating company. Mineral production and pro
cessing is a competitive business where all the factors enumer
ated, and many more, besides, contribute to whether the industry
will make or lose money. The great part of the income from
mineral production goes directly to labor, and indirectly to
labor which produced the machinery, materials, housing and
equipment purchased or leased by the new mineral industry
(Figure 44).

CONCLUSIONS

Mississippi has risen rapidly from 47th place in the 50 report
ing political units of the Nation, in 1930, to 24th place in 1957.
Development of extensive oil and gas fields have been largely
responsible for this increase. Most of the mineral substances
produced, including the crude oil and gas are exported for pro
cessing or utilization elsewhere; although there is an accelerat
ing trend toward industrialization for the use of local raw mater
ials.

All the mineral products require continuing study in their
optimum utilization. Improved analytical techniques and the
dissemination of knowledge of Mississippi's mineral raw mater
ials will aid in the wise use of their products to the creation of
greater and more permanent wealth.

New highways and a close network of railroads over the
State, enormous volumes of surface water and ground water,
an abundant supply of natural gas and petroleum, and an ade
quate supply of electricity, all provide an unusual opportunity in
Mississippi for the development of new industries utilizing, within
the State, the mineral resources.

The following expansions appear desirable in the best inter
est of the economy of the State:

1. To increase many times the output and farm use of
agricultural lime, thereby helping to stop the rapid depletion of
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the mineral content of the soils, improving the yield, and improv
ing the quality of the yield of cropland and pastureland.

2. To increase capacity or secure additional capacity for
refining a greater percentage of the crude oil produced in Mis
sissippi.

3. To use and to encourage the use of Mississippi mineral
products, brick, tile, portland cement, pottery, concrete aggre
gate, and all others.

The following industries appear to afford opportunity for
immediate establishment within Mississippi:

1. Development of rock salt or salt brine for the manufac
ture of sodium chloride and chemicals derived therefrom, such
as sodium chlorate, caustic soda, chlorine, hydrochloric acid and
countless other chemical products.

2. Development of a rock wool industry, utilizing local
wool rock and natural gas to supply the domestic market with
insulating material.

3. Development of a competitive drilling mud in the State.

The following mineral materials, among others, are worthy
of further study toward possible industrial use:

1. Glass sand

2. Lignite

3. Carbon dioxide gases

4. Sulfur gases

5. Iron ores

6. Glauconite

7. Heavy minerals

8. Clays for alumina extraction

9. Tripoli and chert

10. Oil refining and petrochemicals.
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AFTERWORD AND ACKNOWLEDGMENTS

The writer feels that he was signally honored to be called
upon by the Mississippi Geological Survey to prepare this short
report on the State's mineral resources. Aside from the timeliness
and merit of the subject, it is one which he long had cherished
ambitions to develop. After acceptance of the assignment, he
quickly realized that the subject was almost limitless and that
his qualifications were dwarfed by the magnitude and number
of the considerations involved, practical and technical: social,
economic, chemical, physical, as well as geological. Inasmuch
as the time was limited, the writer has attempted to do his best
to portray the mineral resources of the State in a realistic light;
to try to be as specific as a report, general by its very nature,
would permit; to place properly proportioned emphases upon
the diverse mineral substances; and to shift to generalities when
approaching areas of his ignorance. For in the social and economic
aspects of the subject one needs to be a mineral economist; in
the chemical, a geochemist; in the physical, a mining engineer
or a geophysicist; in none of which fields does the writer pretend
efficiency. Mineral-wise, Mississippi is a rapidly advancing Com
monwealth whose economic potentialities are tremendously great
er than the imaginations of most of us can grasp, and if this picture
has been created in the minds of the readers, the writer's accep
tance of this assignment will not have been amiss.

The writer is particularly grateful for the confidence, en
couragement and assistance of the State Geologist and the mem
bers of the Mississippi Geological Survey Board. The officials
and employees of many mineral producing companies have
contributed generously to the data herein, as have numerous other
public officials and individuals.

Lastly, the credit for Mississippi's present position in the
mineral world should go to the outstanding geologists who have
directed the work of the Mississippi Geological Survey, nearly
always without adequate funds for immediate needs—never with
funds sufficient to finance necessary exploration and research
on undeveloped resources: to Hilgard, who a hundred years ago,
in the year (1859) Colonel Drake drilled his first oil well,
described the Jackson Dome (p. 129), 70 years before it was
discovered to contain natural gas, and who, in the same report
vividly described bauxite in northeast Mississippi, years before
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it was known to be the ore of aluminum; to Crider, who, at the
beginning of the 20th century reorganized and set in motion
the present Mississippi Geological Survey, developing surface
stratigraphy and economic knowledge of clays, limestones, lig
nites and other mineral resources; to Lowe, who above all else
held the Survey together through the many lean years when our
annual mineral production rarely exceeded $2,000,000, and who
dedicated himself to the belief that "this, in view of the abundance
of our mineral resources, should have been twenty times as
much"; and to Morse, who insisted upon high quality professional
endeavor, county by county surveying the State for its mineral
resources (Figure 45), and who led the development of the Mis
sissippi mineral resources to the present beginning of a golden
economic era.

The writer is very grateful to those ably assisting in the
preparation of this report: to Mrs. Mary Alice Webb for the
typing and secretarial assistance; to Mr. Charles Gordon for
most of the drafting; to Engineering Service for contribution of
the excellent county outline base map of Mississippi; to Dr. M. P.
Etheredge, State Chemist, for several consultations on chemical
processes and for reading the manuscript.
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