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second line of hills is very erratic and beds are
not continuous but locally may reach a thickness
of 60 ft. There are five ledges in the Southwest-
ern area some of which reach a thickness of 20 ft.
It is meaningless to attempt to calculate reserves.
According to Snider, "The gypsums of Harper County
are well exposed for quarrying and the amount which
can be obtained is very great, estimated by Gould
at 10,000,000,000 tons". Taking the other counties
and the underground material, the figure surely
will te tremendous. In addition to gypsum, there
are large amounts of gypsite, a weathered mixture
of gypsum and clay.

The principal uses of gypsum in Oklahoma are
in the manufacture of a great number of specialty
products, plaster of paris and gypsum wallboard,
and as a retarder in the manufacture of portland
cement. Anhydrite finds use in preparation of
special cements and as an inert filler. In Great
Britain and on the Buropean continent gypsum and
anhydrite serve other interesting uses. Considera-
tion of these uses gave us ideas. Two of the ideas
are currently in the property of the University of
Oklahcma Research Institute and are the subject of
patent applications. Briefly, we found:

(1) If an intimate mixture of gypsum and ammonium
carbonate is maintained at 80%°to 90°C., for about
five hours under slight back pressure, the product
will be a mixture of ammonium sulfate and calcium
carbonete, a desirable compound for fertilizer use.

(2) If a suitable mixture of natural gas and steam
be passed over gypsum or anhydrite at temperatures
in the range of 900° to 1000°C.,the gaseous product
will contain hydrogen sulfide and possibly scme
elemental sulfur while the residue will be mainly
calcium oxide (lime).

Both ideas have the objective of utilization of the
sulfur-content. of Oklahoma mineral materials.



OKLAHOMA FUELS AND MINWERALS FOR CHEMICAI INDUSTRY

by
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The following discussion was taken from a talk
given before the Trisection Meeting of the American
Chemical Society held at Tulsa. It is not intend-
ed as a full discussion of all the mineral re-
sources and possibilities that exist in Oklahoma,
but does emphasize the dependence of industry on
fuel and power of which Oklahoma has an abundance.
Most of the resocurces discussed are of interest in
the chemical industry. The recent discoveries and
ideas pertaining to minerals emphasize the import-
ance of a persistent program of field and labora-
tory investigatiuns and research as one of the im-
portant factors in promoting industrial expansion.

In any consideration of natural resources for
industry, mineral fuels are entitled to first place.
Machinery and power are key words in talking of the
possibilities for further expansion of manufactur-
ing industry. Modern manufacturing industry  is
characterized by machines and the machines . are
powerdriven, Cklahoma has bituminous coal, petrol-
eum, natural gas liquids, and natural® gas in re-~
lative abundance and we process a goodly portion of
the petroleum and natural gas liquids into motor
fuel, diesel fuel, and fuel oil. e are corralling
and harnessing the latent power of our .streams,
Only in isolated cases; however; has the gecgraphic
pattern or the magnitude of industrial life in the
United States been determined by falling waters.
Rather, the pattern has been delineated by our
availability of industrial fuels. Cklahoma is in-
deed fortunate 1in having an abundant supply of all
of the major sources of industrial energy.

On the accompanying table are shown the estil-

mated reserves_ of energy resources in Oklahoma as
of January 1, 1952, and figures on production and
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consumption of the five items within the State
based upon infermation for the year 1949. The
figure on petroleum consumption is the refining
capacity of the State which, of course, is greater
than the actual amcunt processed. You will ebserve
that Cklahoma processed less than 55 percent of the
petroleum, consumed less than 42 percent - of the
naturzl gas, and less than 30 percent of the coal
produced in the State during that year. The petrol-
eum and natural gas reserves are "proven" reserves
and not the 'probable" reserves which would be a
much larger figure, I am sure. At the present rate
¢f production the coal reserves are sufficient for
7,000 years, which is "quite a spell".

FJEL RZISERVES AND PRODUCTS IN CKLAHOMA

Regarves Produetion Used in
January 1, 1952 1949 -Oklahoma
1949
54,6 Bill. Tons 3 Mill. Tons  €93,000
Bituminous (total) 68% from Tons
Coal 27.3 Bitl. Tons Strip Mines
{recoverable)
_ 1.74 Bill. Bblse, 187 Million Less than
tenroleun (groven) Bbls. 104 Mill.
Bbls.
311 Miil. Bbls., 25.8 #illion
~atural Gas (prover) Bbls.
liquids L8 L PG ?
Approx.
: 11.8 Trill. Cu. 727 Bill.Cu. 278
Natural Gas Ft. (proven) Ft, Billien
' 39% from 0il Cu.Ft.
) Wells
1.56 Bill.Kw. 389 Mill. Kw.
dater Power Hrs. (Develop- Hrs. ?

ed & Undevelopéd)

Mineral raw materials - mineral resources -

W1thdwfi0h we are cencerned at this moment are the
ounfalion upon which rests what we know as modern
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civilization. Undoubtedly the most powerful factor
influencing, directing, and developing this civili-
zation has been the presence of ores of iron, their
production and conversion into metallic iron and
steel., Your first personal contact with the metal
may have been in the form of a safety pin, later as
numerous - playthings, then a bicycle, and now an
automobile. Modern buildings, modern bridges, mod-
ern paving are what they are because of the use of
this metal. TFactory machines and transportation
equirment made of dron and steel are responsible
for much of our progress.

Other metdllic ores have had their part in
this progress too, but in less guantity and with
less influence. Lead, zinc, and copper have con—
tributed toward the general welfare. More recently
aluminum and magnesium and now titanium are entries
for honors. 7You will recognize as indisputable the
fact that each and every one of these metals is a
product of fuel equally as much as it is a product
of mineral ore. No one has as yet found a way to
produce a metal without using fuel or electrical
energy. Host of the iron is produced in the blast-
furnace and no one has found a satisfactory substi-
tute for hard, . porous, strong lozd-~bearing. coke.
#etallurgical coke cannot be made from just any bi-
tuminous coal. Although there are tremendous de-
pesits of bituminous coal the supply of coking coal
is limited and the districts in which it occurs are
few. Oklahoma possesses coal that yields metallur-
gical grade coke. Mineral Jres and mineral fuels
are both indispensable basic raw materials in pro-

ducing metals.

In the past, small amounts of iron ore have
been preducded in Oklahoma. Limeonite-type ore from
the Arbuckle region has been used in the manufact~
ure of spedial low-heat cement for use in the con-
struction df flood control and hydroclscetrd~ power
dams. The ftonnage in these depos. fo 13 une Jurge.
Sty twso not

Iror orssgeeirrences in Le Flor= o

¥
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been evaluated. The tonnage of titaniferous magne-
tite in the Wichita Mountains region may prove to
be much greater than thought and currently is the
subject of investigation. :

In the same region beds of sand derived from
the bzsic igneous rock commonly carry "black sand®.
A large part of this "black sand" may be ilmenite,
an ore of titanium, The demand for titanium di-
oxide pigments and more recently for metallic ti-
taniu have spurred investigations of these depos-
its. Gerald Chase of the Oklahoma Geological Sur-
vey staff has some interesting information just off
the press, in Oklahoma Geological Survey Circular
30, entitled "Ilmenite in the Alluvial Sands of the
Wichita Mountain System, Cklahoma",

Zinc and lead ore have been the basis for a
large industry for many years in northeastern Okla-
homa, but the depletion of high-grade reserves is a
matter of concern to the area. Technical research
on flotation and sink-flcat methods of beneficia-
tion of lean ore has paid off remarkably well and
no doubt is responsible for keeping the industry
alive. Occurrences of lead and zinc ore in the
Arbuckle’ and Wichita Mountains regions have been
explored. To date nothing warranting commercial
development has been found. bssociated with the
zinc ore are indium, gallium, and germanium bearing
minerals. Their recovery is a minor but profitable
Oklahoma industry. Bepyllium has been found in
certain Wichita Mountain lead ore. Zirconium and
thorium minerals have been found in the same region,
CPpper minerals occur in a number of Oklahoma coun-
t}es and in the past small quantities have been
mined; Payne, Pawneeé, Garvin, Cotton, Comanche, and
Kiowa Counties all have at one time or another been
excited over the finding of copper. Small deposits
of manganese ore are present near Bromide, and in
the eastern Ouachita Mountains.

The same materials that we have classed as
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mineral fuels are also raw materials for the pro-
cessing industry. It is well recognized that pe-
troleum, natural gas, and bituminous ccal may be
utilized interchangably to produce many secondary
raw materials., Coal is being processed to yield a
number of organic chemicals other than those re-
sulting from the coking process.

Petrochemicals are those chemical intermedi-

nd - A e nd wr,
stes derived from pa-l'vv\-}anm and vsn+11v~n‘| gas. Cata-

lytic or thermal cracking of petroleum yields such
gases as ethylene, propane, propylene, butane, bu-
tylene, and isobutylene which are the starting me-
terials for the major petrochemical activities to-
day. Natural gas containing methane, ethane, pro-
pane, and butane also finds use. Tens of thousands
of compounds could be synthesized commercially from
petroleum and natural gas if suitable application
could be found.

It is not my intention to list the chemical
intermediates that are being produced commercially.
I would rather tell you of some of the consumer
products being made from the chemical intermediates.
We are all familiar with the alcohols in one way or
another. Methanol, ethanol, isopropanol, all used
as anti-freeze and as solvents. Other sclvents in-
clude benzene, toluene, amyl acetate, carbon disul-
fide, and carbon tetrachloride. Then there are the.
phenols and cresols, and numerous synthetic resins,
plasticizers, and elastomers. Together, the resins,
plasticizers, elastomers, and the solvents are the
basis for the modern paint, lacguer, and coating
industry. Some certain items yield our synthetic
"pubbers"; others are processed into the so-called
plastics.

Fertilizer ingredients derived from natural
gas include such materials as ammonia, ammonium
sulfate, ammonium nitrate, calcium nitrate, and
urea. These materials have an important bearing on
our naticnal economy but in the minds of the ladies
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I pretume they Jdo not rank with products such as
rayon, nylon, orlon, and dynel synthetic fibres all
of which are petroleum derivatives. Synthetic de-
tergents, synthetic Jlubricants, motor-fuel addi-
tives, flotation reagents Tfor the mining industry,
photographic film and photographic chemicals, or-
ganic insecticides, fungicides, herbicides, certain
drugs and dyes, plus such items as carbon black and
elemertal sulfur, are included in the list of ma-
terials derived from petrochemicals which in turn
were derived from petroleum or natural gas,

The growth rate of ‘industry based upon petro-
cuemicals shows no signs of leveling off. The ton-
nage produced has doubled in each of the past three
five-year periods, and therec is every reason to be-
ligve that this growth rate will be maimtained for
some time.

Underneath the oil and gas producing areas of
the State, and probably unter other lapge avess,
are tremendous quantities of brine conteining dis-
solved solids running as much as 250,000 parts per
million, The solids are mainly chlorides, but sul-
fates are present in small amounts. Fvaporation and
fractional erystallization of this brine yields a
crude salt equal in every respect to salt made from
sel1 water in California and so extensively used by
the alkali industry on the west coast.

Throughout the western part of Oklahoma salt
beds underlie vast areas, and crystal salt is cur-
rently being manufactured at Sayre from such beds,
using the conventional two-well system for prepar—
ing and recovering the brine. As might be expected
there are numerous salt springs in this region and
salt obtained from the flow is generally quite pure.
Ip Tocds founty salt is being recovered from the
B}g.Salt Plain of the Cimarron where large quan-
tities of crystal salt accumulate on the surface
during dry periods., In Harmon County, salt is be-
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ing produced:commercially from springs, using solar
evaporation methods. In Jackson County, certain
springs flow brine in which sulfates predominate
and the percentage of potassium sulfate is rela-
tively high. Salt is truly one of our most impor-
tant industrial minerals.

Limestones are found din many areas of the
State, but only in a few areas is the stone high-
calcium chemical grade, such as is demanded feor
lime burning. The Goodland limestone in Choctaw
County, the Bromide limestone in Pontotoc, the St.
Clair limestone in Sequoyah, the Waupanucka lime-
stone in Johnston, and the Short Creek oolite in
Ottawa County are among the better stones. A
quarry near Marble City contains at least
50,000,000 tons of high-calecium limestone in open-
pit sites and several times this amount in under-
ground reserves. It is the stone used in the kilns
at Sallisaw. It is also crushed, screened and sold
for the manufacture of glass, as a flux in iron-ore
smelting and in aluminum reduction,for mine dusting,
and for agricultural soil conditioning. We hope to
see it used before long in manufacturing calcium
carbide and in stock feeds. Perhaps we may live to
see it used in making soda ash. We have the salt,

you know.

Dolomite is an industrial mineral resembling
limestone but having a high magnesia content which
gives it special properties-and hence special uses.
Impure stone may be used for crushed stone, agstone;
and the manufacture of rock wool, but where excep-
tionally pure as in south-central Oklahoma and in
some other districts of the State, 1t mey find use
as chemical-grade raw material. A quarry at Troy
in Johnston County is in the cenbral part of a de-
posit containing at least 150,000,000 tons in an
area of 14,000 acres. This dolomite is almost
thecretically pure double carbonate of calcium and
magnesium. It is currently used in glass making,
as flux in reducing iron ore, in mincral stock
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feeds, and as agstone. For the manufacture of me-
tallic magnesium and of magnesium salts it should
be ideal raw material. Dead-burned dolomite finds
large use as -a basic refractory, whereas caustic-
burned dolomite makes a smooth plastic plaster and
is the starting material in preparing basic magnes-—
ium czrbonate for insulation.

Supplies of high-purity silica are necessary
for tre production of glass, and of silicates of
scda. The 1l glass plants now operating in Okla-
homa depend chiefly for their supply on the two
operating silica sand plants in the Arbuckle region.
They produce, by washing and other beneficiatiom, a
sand containing 99.85 percent 5i0y and with iron
content, calculated as Fe203, of only 0.025 to
0.040 percent, Other sandstone bodies of high
purity oceur within the State but not always easily
accessible to transportation. Adequate reserves in
the Arbuckle region insure long-continued produc-
tion £t the present rate and even with greatly in-
creased demand.

Volcanic ash 1is scattered in spots over many
parts of the State but the granites and basic ig-
neous rocks are found in commercial workable de-
posite only in the Arbuckle and Wichita Mountain
arzas where they are the raw material for a large
monumental and cut stone industry. Anorthosite,
consisting mostly of plagioclase feldspar, occurs
in enormous tonnage in the Wichitas. A government-
sponsored plant was erected at laramie, TJ\J'yomi'ng:J to
extract alumina from this mineral. The residue is
a good raw material for portland cement manufacture.
Oklahoma deposits are much larger than those in
Wyoming.

i When Nature has brought about alteration in
igneous rock through circulating waters and temper-
ature changes, the products are often of economic

importance. In Oklahoma, we find bentonitic clays
altered from volcanic ash, montmorillonite-beidel-
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lite clays from gabbros, and kaolinite clays from
anorthosites. These are residual clays, still "in
place' where formed.

The sedimentary or transported clays are gone-
rally more or léss impure in Oklahoma, having ga-
thered extraneous matter in transit. Shales of
numerous grades and compesitions, - consolidated
muds from old sea-bottoms, - may be grouped with
the clays. These clays and shales are the raw ma-
terials for the present brick, tile, and pottery
Jstablishments, and in conjunction with limestone
for the portland cement plants of the State. Pro-
ducts from clay and shale often represent fusl con-
sumption ecqual in value to as much as 16 percent
of the gross sales value, whereas the clay or shale
may not equal 5 percent. I trust you will pardon
my reference to volcanic ash.  You may know that I
worked with this ‘"cheap as dirt" %no account” ma-
terial for quite a time. A strong relatively
lightweight cellular block or brick was produced by
firing in a refractory mold at high temperatures.
Also, the individual particles of volcanic ash were
popped to form what Will Shearon nicknamed "Pumi-
cite Popcorn", a powdery lcose cellular product
with very low bulk density.

Gypsum is a mineral resource of great value
present in huge quantities. The mineral anhydrite
ig in scme nlacss found associated with the gypsum.
b5 the name implies it is anhydrous calcium sulfate
rather than hydrous as are gypsun or selenite.
Gypsum depecsits cof Oklahoma occur in the Permian
Redbeds in the western part of the State. The com-
mercial depesits may be divided into three aress:
(1) the first line of gypsum hills along the Cimar-
ron River, (2) the second line of hills including
part of Dewey, Custer, Washita, Caddo, and Stephens
Countics, and (3) the Southwestern Area in the ex-
treme southwestern part of the State. The gypsum
in the first line of hills occurs in three beds
secparated by clay shales. Stratification in the
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