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THE MINERAL RESOURCES OF THE TRINITY KIVIR TRISUTARY AREA
IN TEXAS AND OKLAHOMA

INTRODUCTION :
A. E. Weissenborn, United States Geological Survey

Iistory of the Project

Pronosals for the improvement of navigation on the Trinity River
in Texas have been under consideration for many years., A Federal pnroject
for the construction of a six-foot channel to Dallas, together with the
necessary locks and darms was authorized in 19202, TUnder the terms of this
act and subsequent legislation seven locks and dams and one auxiliery dam
were constructed by the Corps of Engineers, U. S. Army, but the project
was never completed. The River and Ilarbor Act of September 22, 1922, direc=-
ted the abandonment of the nroject but provided for a sixe-foot channel from
Liberty to the mouth of the Trinity Rivers the six-foot channel was main-
tained until 1930, when it was abandoned owing to lack of traffic, In
1945 Congress eaporoved the eonstruction by the Corps of Engineers, U. S,
Army, of a number of reservoirs for flood control along the upper Trinity
River. Congress also approved the excavation of a nine-foot channel from
Liberty to the mouth of the Trinity River, It did not authorize the im-
provement of the Trinity River above Liberty, but the Corps of Engineers
was @uthorized to investigate further the economic justification of a
nine-foot channel from Liberty to Fort Worth.

In lMarch 1945 Colonel George R. Goethels, Chief of the Civil
Torks Division of the Corps of Engineers, requested the Director of the
Geological Survey, United States Department of the Interior, to prepare
a report on the mineral resources of the area that, according to economic
studies made by the Corns of Engineers, would be affected by the canaliza-
tion of the Trinity River to Fort ljorth. As a consequence, the staff of
the Geolorical Surveyr's Rerional Office at Rolla, lio.,, was assigned the
task of preparing the desired information. A. E. V/leissenborn, acting Re-
rional Geolorist, called on lajor II. R. llorman, Division Eagineer of the
Corps of Engineers, U. S. Army, and discussed with him the »urpose, scove,
end form of the pronosed renort., Fecllowing this discussion, Dr. John T,
Lonsdale, Director of the Dureau of Iconomic Geology of the University of
Texas, at 1r. leissenborn's request, agreed that the Bureau of Iconomiec
Geology should participate in the preparation of the report. Mr. leissen-
born also called on Robert H. Dott, Director of the Oklahoma State Geolog~
ical Survey at Norman, Oklahoma. The Oklehoma Geological Survey was unable
to participate in writing the renort, but was very helpful in sumplying
published and unpublished or outeof-print informetion on the mineral re-
sources of Oklahoma,

Definition of Trinity River Tributary Area

Traffic studies by the U. S. Engineers indicate that, if the
Tririty River were navigable from its mouth to Fort 'Jorth, appreciable
savings in freight rates would accrue in an area far beyond the limits of
the Trinity River drainege basin., The uraea in which sevings weuld accred
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 for the shipment of any comnodity over the nronosed waterway has been

termed by the U, S. Engineers, "the Trinity River tributery area", The
tributary areas vary for different commoditiess the term "tributary area"
as used in this revort, comprises the tributary areas of all commodities
considered to be notential tonnage for the nroposed waterway, according
to the studies made by the U. S, Cngineers, The Trinity River tributary
area, which is shown on the accomnanying map (Fig. 1), includes a total
of anproximately 184,000 square miles and covers all or parts of 141
counties in Texas and 68 in Oklahoma. For convenience, the Trinity River
tributary area will be referred to as the "Trinity tributary area”, or
more simmly, as "the tributery area",

Purnose and Scope of the Report
L}

Proponents of the canalization of the Trinity maintain that the
mineral products of the tributary area would nrovide a considerable part
of the traffic moving over the nproposed waterway, Ther further argue that
the opening of the Trinity River to navigation would result in the develop=
ment of resources not now being used, or in increased output from existing
nines and mineral-products processing plants, thus creating additiomal
tonnage for the waterway.,

Tke mineral resources found in the Trinity River tributary area
are many and varied., A great deesl is known about the fuels, as well as
the non-me-allic eand metallic minercls found in the area, and much has
been nublisiied o the tubject; but the inTormation is scattered through a
vast volume of tcchnical literature. The information relative to the
Trinity River tributary arca can be obtained only through a laborious and
time-consuming culling of a great deal of irrelevant material from numerous
publications, some of which are out of print and difficult to obtain., The
purnose of the present report is to summarize all available information in
a factual, concise account of the mineral resources of the Trinity River
tributary areeas thus presenting all the available, pertinent facts in cone
vonient form, and assisting the U, S. Engineers in anpraisal of the tonnage
that mineral nroducts would contribute to the proposed waterway. The report
discusses cach minecral commodity found in the area and gives a brief descripe
tion of its uses in industry, methods of exploitation, economic factors ine
volved, occurrences in the Trinity River tributary area, reserves, nroducing
companies, and wherc avrileblo, rccords of outhut., A bibliography listing
the significant references to the techniecal literaturc is included with
cach cormmodity,

At the sugrestion of the U. S. Engineers, the occurrences of the
various nineral commodities in thc Trinity River tributary arca have boen
classified into threc groups which are:

(1) Those in the arcas subjoct to periodic flooding by the
Trinity River, for use in connection with economic studies of flood control
projocts,

(2) Those in the remainder of the Trinity River drainage basin
where minoral commodities would be most directly affectod by the canaliza-
tion of the Trinity River,



(3) Those in the Trinity River tributary area, but outside of
the drainapc basin wherc mineral commodities would be less directly affected
by canalization of the Trinity, but wherc appreciable savings in transporte-
tion costs would still accrue,

In describing the minoral resources of the tributary area, all
the mineral commoditics that are known to occur in the area are considered,
whethor they are boing successfully exnloited at present, or not. Because
a given deposit is not now being worked, does not mean that it could not
be profitably worked under changed economic conditions, or even under pres-
cnt conditions. Likewise, thc fact that the known deposits of a given
comrnodity are of too low grade to be worked, does not preclude the nossie-
bility that other, higher gradc denosits might be found. Tho inclusion
of a given commodity in thc 1ist of mineral resources of the Trinity River
tributary does not necossarily moan, howover, that deposits of these matoe
rials that cannot now be worked cconomically could bo profitably worked if
the Trinity werc canalized. The general lowering of freight rates that is
anticipated if the Trinity were opened to navigation would doubtless have
a stimulating effect on the mineral industry in the Trinity River tribu-
tary area, but many other factors besides transportation costs are involved.
Bulky, low-priced, non-perishable commodities such as sand and gravel,
crushed stone for riprap and other purposes, building stone, and similar
materials are the products that would benefit most directly from river
transportation, and an increcase in the nroduction of these products in at
least part of the Trinity River tributary area probably can be expected,
Part of the crude oil and other petroleum products from the tributary area
might move to markets through a canalized Trinity, and over the intere
coastal waterway, with considerable saving in transportation charges; al-
though this change in transportation does not necessarily mean that any
actual increase in production would result from the opening of the Trinity
waterway, Other commodities, such as salt, would benefit only indirectly,
through a general increase in industrial activity in the tributary area,
There are enormous deposits of salt in the area--enough to take care of
the requirexents of this country for many years to come--but salt can be
produced just as cheaply in a number of other localities, and the market
for salt from the Trinity tributery area, therefore, is limited by the
location of the othcr producing centers. Dcvelopment of some commodities
may have bocn retarded by lack of transnortation facilities, or by high
cost of transportation, but transportation, or the lack of it, has had
little influence on the development of other commoditiesy for example,
the potash deposits of Texas, although large, are of too low grade to
compate with higher grade deposits in New Moxico. Development of a potash
industry in Texas depends on the finding of higher grade deposits than
those alrcady knovm, and would be influenced to only & comparatively slight
degrec by lower transportation charges. An appraisal of the effect of the
proposcd canalization of the Trinity River on the mineral industry ¢/ the
tributary area would require thorough study of tho existing and estimated
future freight ratcs, and would involve the consideration of many factors
that aro outside the field of the geologist. The present report, thereo-
fore, attempts to describo adoquately the actual and potential mineral
resourcos of the region, but doos not attempt to forecast in any detail
tho economic effect of tho nroposed canalization of the Teinity River
on the mineral industry in the arca,
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The Fedoral Geological Survoy was fortunate in obtaining the
assistance of the Bureau of Economic Geology of the University of Texas
in preparing the report. Dr. H. B. Stengel and lr. H., C. Fountain of
this Burcau wrote the chanters on the following rcsources in Texas:
Asvhalt; coal, lignite and peats; building stone; celcstites burning clays;
dolomite and magnesian limcstone; limestone, caliche, and shell deposits;
and iron, & eh of these chanters hrs been supnlerented h+ descrintions
arenrred % rembers of the United States Geological Survey ol corresponding
occurrences in the Oklahoma part of the area. The chapters on oil and gas
in the entire Trinity River tributary area, and the descriptions of the
occurrences of asphalt and coal in Oklahoma, were prepared by Ir. T, A,
Nendricks, and !r., R. L. liller, of the Fuels Section of the United States
Geological Survey, The remainder of the report was prepared by lr. A. L.
Jenke, Ir., D, 1., Kinney, and lr. A. E. lieissenborn of the Regional staff
of the Central Region, United States Geological Survey.

_ Jenke, llinney, and Vleissenborn spent about two weeks in a recon-
naissance of the Trinity River tributary area, in company with tr. J. L.
Cotton, engineer in charge of the Fort Vorth office of the U. S. Engineers,
and lr, Forrest Park, of the Trinity Improvement Association; but aside
from this, very little field work was done specifically for the report,
I'uch of the report is based on information contained in the numerous publi-
cations of the Bureau of Lconomic Geology, the Oklahoma State Geological
Surver, and the United States Geological Survey, although many other publi-
cations were also consulted., The report, however, is by no means based
entirely on nublished informations the geologists of the Bureau of Economic
Geology are thoroughly familier with the reology and mineral denosits of
the Texas nart of the area, and li. Hendricks has done much field work in
the Oklahoma part of the area over a pecriod of many years. In addition,
the individual sections of the report have been criticized by members of
the Geologzical Survey in \7ashington, who are familiar with the different
commodities discussed., As a final check, the entire part nertaining to
the resources o the Texas part of the area has been read by geologists
of the Bureau of Economic Geology, and the part dealing with the resources
of the Oklehoma portion of the area by geologists of the Oklahoma State
Geolozical Surveyr, It is believed, therefore, that the report gives an
accurate sumary of the mineral resources of the Trinity River tributary
area, insofar as they rre knovm at the present time, end that the informae
tion can be used with come confidence in making economic studies to assist
in determining whether the cnnalization of the Trinity River is justified.

Transnortation Facilities

Adequate transnortation is essential to the proper development
of the mineral resources of any region. The Trinity River tributary area
is provided with excellent facilities for transportetion, but, as the
present report is £ supplement to a more comprehensive report by the U. S.
Engineers, only a brief resume is given here.

The Trinity River tributary area is traoversed by eight major
reilroad lines: the i'issouri, Kansas, and Texas; the St. Louis and Sam
Franciscos the liissouri Pacific; the Chicago, Burlington, and Quincy;
the Atchinson, Topeke, rnd Sante Fe; the Texas and New Orleans, the:
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Chicago, Rock Island and Pacifie; and the St. Louis Southwestern. These
lines, and branch lines from them, form o network thot reaches into alwuost
every part of the tributary aroa,

The main northesouth higihvrgs in the Trinity River tributary area
are U, S. Highwaye 59, 69, 75, 77, 81, "nd 87, The principal east-west
highwavs are U. S, Iirhways 64, 66, 80, and 90, In cddition to the above,
meny other imnroved Federal ond Stoate highways and o great number of second-
ary roads reach into almost every part of tho tributary area., lNo part of
the area is very far from good railrond or truck transportation, In cddi-
tion to the rnilroads and highwa:'s, numerous oil, gasoline, and natural gas
nipelines serve the tributory crea. Thesc exceptionally numerous, end con-
veniently located trensportation facilities of the Trinity tributary crea
would permit the mineral products produced in the area to move cheaply and
quickly to the nroposed wanterway,

Geology of the Trinity River Tributery Area
L]

Rocks ranging in cge from pre-Cambrian to Recent erc found within
the tributcry aren, Because of the size of the area, the diversity of the
rocks that occur within it, and the complexities of the geologic structures,
only e brief and superficicl discussion of the geology can be included in
this renort,

The geologic structures and the stratigranhy are so diverse in
different parts of thc Trinity River tributary crec thet it is convenient
in this rcport to divide the arca into a number of smaller, more homogen-
eous divisions, Starting in the northecst corner of Oklahoma and working
southward, the divisions choscn are: the Ozerk dome; the Osage Plains,
the Viichita, Arbuckle, and Oucchite I‘ountainsg the Iligh Pleins oand the
Permian Basing and the Gulf Coastal Plain, These will be described in theo
order given,

The Ozark Dome

The southern half of I'issouri and part of northern Arkansns is
geologcically & structural high known as the Ozark dome or uplift. Sande
stones and dolomites of Cambrian or Ordovician age form the present sur-
face over much of the Ozark region and dip gently awny from the core of
pre-Cambrian granite which is exposed in the St. Francis llountains in
southecastern Ilissouri, On the southwest flank of thc dome llississippian
limestone and shale, which oncec covcred most of the Ozark cree, but have
been largely stripped away by crosion, still are exposed in the northwestern
corner of the tributery arca in linyes, Cherokec, and Sequoyah Countiecs,Okla-
homa., About 550 feet of lississippien rock is present, most of which is
limestone belorcing to the Boone formation. Isolated remnants of a former
covering of Pennsylvenian rocks overlie tho Mississippian in e few places
on the lower flanks of the domo, and Devonian, Silurian, and Ordoviecian
rocks, which underlic the Mississippian, ere exposed in the deeper streoam

"valleys, To the west and south the Mississippian disappears undor a cover

of Pennsylvanian rocks.
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The Osage Plains region is here considered to be the large area
extending from the Llano uplift in Central Texas northward through Oklahoma,
In Texas it 1ies between the Eigh Plains on the west and the Gulf Coastal
Plain on the east; in Oklahoma it lies between the High Plains and the
Ouachita lountains and Ozark dome., As here defined, it does not include
the Arbdbuckle and Wichita lountains in southern Oklahoma, which for convene
ience are discussed under a separate heading,.

In the Osage Plains area the surface formations are almost en-
tirely of Pennsylvanian and Permian age, Except in the region bordering
the Viichita, Arbuckle, and Ouachita lountains, they are almost horizon-
tally bedded, but have a gentle regional dip slightly west of north over
most of the area, The regional dip is disturbed in places by flexurss
over buried granite ridges. These major flexures, together with local,
minor flexures and the local thickening and thinning of the beds, are
structures favorable for the accumulation of oil and gas.

The Pennsylvanian rocks vary considerably in different parts of
the aree, but throughout the region consists essentially of a thick series
of marine shales, sandstones, limestones, and some conglomerates. Workable
coal beds are found in both the Texas and Oklahoma parts of the area. In
central and northeastern Oklahoma red shales, sandstones, and conglomerates
are found near the top of the Pennsylvanian, and mark the first stages of
the change from the marine deposits of the Pennsylvenian to the continental
deposits of the Permian,

The Permian devosits are radically different in their lithologic
character from the underlying Pennsylvanian, but despite this the division
between the two is transitional., Three distinct facies are recognized in
the Permian denosits of the Osare Plains area, These are: (1) a marine
facies composed of normal marine limestones, shales, and sandstones; (2) a
massive "reef" limestone facies; and (3) a lagoonal or "red bed" facies
with thin-bedded limestones, gypsum, salt and other evaporites, and "red
beds" of continental origin. In the Permian of central Texas, shales and
limestones typical of the marine facies nredominate; as the beds are traced
northward there is a gradual change to the "red bed" facies, and in the
vicinity of the Red River, the entire Permian consists of shales, clays,
and sandstones with thick rvnsum beds in the unpér part of the system., 1In
northern Oklahoma interbedded marine limestones appear, but the "red bed"
facies is prevalent northward into Kansas and Nebraska where marine sedi-
ments again predominate. To the west the Permian disappears under Triassic
rocks or under the Tertiary deposits of the High Plains,

In the Osage Plains area many of the interstream divides are
capped by beds of sand and gravel as much as 50 feet thick. These deposits
are somewhat doubtfully regarded as of early Pleistocene age,

Klthouph l'ississipnian rocks do not crop out in the Osage Plains
area, they underlie the Pennsylvanian rocks throughout much of the region
and come to the surface in the Llano uplift, south of the Trinity River
tributary area. In Texas the liississippian is thin and may be missing from
geologic higho, such as the Red River uplift.
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Wichita, Arbueklec, and Ouachita llountains

The Arbuckle l'ountains in south-central Oklahoma consist of a
central core of pre-Cambrian granite and granite porphyry cut by numerous
dikes, chicfly of diabase, A thick serics of marine sedimentery rocks,
mostly limestones and shales which range in agec from Cambrian to Pennsyl-
vanian, was laid down over the eroded prc-Cambrian surface, Owing to sub=
sequent uplift and to folding and faulting associated with the orogeny, the
beds dip steeply and in places are overturned. Pennsylvanian beds were
involved in the folding, but the orogeny had been cssentially completed by
Permian time, as the Permian beds that lap around the western flank of the
Arbuckles are undisturbed.

i In the Wichita lountains in southwestern Oklahoma the central
mass of the mountains consists of pre-Cambrian granite, rhyolite, gabbro,
and anorthosite intruded into still older quartzite and sandstone. The
granite masses have been cut by numorous dikes. The Paleozoic beds that
were deposited over this croded pre-Cambrian surface arc similar to those
in the Arbuckles and have becn correlated with them; but the Mississippian
sediments, which attain a thickness of 1,500 feet in the Ar-.wuckles, are
absent in the Tichitas, and some of the formations that crop out in the
Arbuckles, though nrobably also present in the Wichita area, are buried
under younger rocks., Folding in the Wichita l'ountains was more gentle
than in the Arbuckles and, except locally, dips do not exceed 25 degrees,
The Vichite Mountains are entirely surrounded and partly buried by undis-
turbed Permian beds, and no Pennsylvanian rocks crop out in the area,

South of the Arbuckle l'ountains a section of tightly folded Penn=-
sylvanian rocks, about 20,000 feet thick, is exposed in the Ardmore basin,
These rocks, vhich rest on the llississipnian Caney shale, differ in lithol-
ogic character and nomenclature from the Pemnsvlvanian rocks of the Arbuckle
llountains, but have been correlated with them by means of fossils,

The Ouachita [‘ountains are in southeastern Oklahoma and south-
western Arkensas, They consist of a tightly folded and overthrust, excep-
tionally thick, series of marine strata which include formations of all
ages from Cambrian to Pennsylvanian, llo igneous rocks are known except
for a few dikes that cut the Paleozoic rocks. The geologic structure is
similar to that in the Appalachian lMountains and is believed by many geolo-
pists to be a continuation of the same belt of folding and overthrusting,
The main mass of the Ouachita llountains is made up of a thick series of
shales, sandstones, end novaculite ranging in age from Cambrian to Devonien.
Overlying the Devonian are some 18,000 to 20,000 feet of Pennsylvanian
shales and sandstones, which are distinct from rocks of the same age in
the Arbuckle llountains, and cannot be precisely correlated with them, North
and west of the main mass of the Ouachita lountains, and separated from it
by overthrust faults of large pronortions, is a belt of Pennsylvanian lime-
stones and shales 8,000 to 9,000 feet thick, resting on the liississippian,
or on the Devonian where the lfississippisn is absent. These rocks are
very similar to those of the Arbuckle :"ountains and have been correlated
with them.

Tc the south the Paleozoic strata of the Ouachita l'ountains are
covered by Cretaceous denosits of the Gulf Coastal Ilain, but a belt of
similar rocks has been traced in drill holes across Central Texas,
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The m;n Plains and the Permian Bliin

Occupying the part of the Trinity River tributary area west of
the Osage Plains, and separated from this physiographic province by an
eastward-facing escarpment known as the "break of the plains", is a flat,
teaturoleu } termed the High Plains which lies at an altitude of
about 2,500aTee In Texas and llew lexico this upland area is known also
as the Llano Estqcldo. The upland owes its phenomenal flatness, which is
broken only by the deep valler of the Canadian River, to a deep mantle of
Tertiary gravel and silt derived from the erosion of the Rocky lountains
to the northwest.

During much of the Paleozoic era the region of the present Gulf
Coast was occupied by a landmass known to geologists as Llanoria; during
Permian time this landmass was bordered by a shallow sea that covered west
Texas and eastern New llexico and extended far to the north. Sediments
derived from the Llanoria landmass and from uplands to the west were depos-
ited in the subsiding basin occupied by this sea and gradually filled it.
Since most of the sediments so deposited are of Permian age, the region
containing them is commonly known as the Permian basin, The first depos-
its within the basin consisted of an slternating series of marine lime-
stones and shales, As the seas became shallewer, natural barriers were
formed obstructing the connection to the open sea, Continued evaporation
in the partially confined basins or lagoons thus formed resulted in the
precipitation of beds of anhydrite, common salt, potash salts, and other
evaporites interspaced with beds of clay., Overlying these, non-marine
"red beds" of continental origin were deposited. During the entire period
deposition was very irregular and marine deposits fingered out laterally
into tynical "red bed" deposits within short distances, The tntal thicke
ness of the Permian beds in the Permian basin approaches 14,000 feet.
Drill holes near Ochoa in the center of the basin have penetrated 4,000
feet of "red beds", salt, and anhydrite before reaching the underlying
marine beds,,

Triassic deposits erop out along the eastern edge of the Iligh
Plains south of the Panhandle and are known to underlie the lligh Plains
at least as far north as the valley of the Canadian River. They are en-
tirely of non-marine origin and range in thickness from & few hundred feet
along the eastern edge of the Iligh Plains to more than 1,200 feet near the
center of the Llano Estacado.

In Dallam County, Texas, in the extreme northwest corner of the
Trinity River tributary area there are a few scattered outorops of rocks
that are believed to be of Jurassic apge and which are correlated with the
more extensive Jurassic rocks of Colorado and New Mexico. v

Cretaceous beds once covered most of Texas but in the High
Plains area they have been mostly stripped away by erosion. The Creta-
ceous cover still remains in parts of Midland, Glasscock, Sterling, Tom
Green, and adjacent counties in the southwestern part of the Trinity
tributary area, and isolated patches of Creteceous sediments ooccur in the
Iipgh Plains area,
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Gulf Coastal Plain

The Gulf Coastal Plain division of the Trinity River tribduteary .
area is a more or less gently unduleting nlain bordering the Gulf of Lexico;
it lies south of the Arbuckle and Ouachita lountains and east of the Osage
Plains, It is composed of strata that dip at a slightly steeper angle than
the present land surface, and its pgentle seaward slope is, therefore, inter-
rupted by low, landward-facing escarpments which mark the outcrops of the
more resistant bdeds,

The formations exposed in the Gulf Coastal Plain are entirely of
Cretaceous, Tertiary, and Quaternary ages. During early Cretaceous time
the Llanoria landmass sank below sea level and Cretaceous seas, which ex-
tended far to the north, covered almost all of Texas and part of* Oklahoma,
The Cretaceous strata of the Gulf Coast were deposited in these seas and
probably once were continuous with the Cretaceous deposits of the Rocky
lountain area, Cretaceous rocks of the Gulf Coastal Plain rest unconforme
ably on the older rocks and dip under Tertiary strata. They extend down
dip for an unknown distance under the younger beds, and come to the surface
in many of the salt domes which are prominent geoloric features of the Gulf
Coastal Plain,

In the Trinity River tributary area the Lower Cretaceous series
is comnosed of calcareous shales, sandstones, thin-bedded limestones, with
e bed of anhydrite near its base. The Upper Cretaceous conaists mainly of
sheles, sandstones, chalk, and merls., In northeest Texas some volcanic
ash is interbedded with the shales and marls.

One of the mcst complete soctions of Tertiary sedimentary rocks
fcund anywhere in the world is exposed along the Texas Gulf Coast, In the
Tririty River tributary area these Tertiary rocks occupy a belt from 140
to 225 miles wide, Ilarine, shallow water, deltaic, and continental deposits
are all present and there is much interfingering and intergrading between
the several facies, Beds of volcanic ash, now largely altered to fuller's
earth and bentonitic clay, are found at several places in the seotion, par-
ticularly in the Eocene and l'iocene deposits. The Eocene deposits contain
beds of lignite also.

Overlyins the Tertiary beds and bordering the Gulf Coast is a
narrow belt of sands and clays of Quaternary age which, except for the
stream gravels, are the youngest denosits of the Coastal Plain,

Quaternaryv Gravels

Quaternary stream and terrace gravels are found along most of the
major rivers in both the Texas and Oklahoma parts of the Trinity River tribe
utary area, The gravels that cap the interstream divide in the Osage Plains
area have already been described,
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SUMMARY OF "INERAL RESOURCES CF
THE TRINITY RIVER TRIBUTARY AREA

A. E, Weissenborn, United States Geological Survey

The following is a summary of the mineral resources which are

found in the three area divisions into which the Trinity tridbutary area
has been divided in this report. lihere one or more of the three divisions
i1s omitted for any commodity, it is implied that thc commodity is not foumd
in the division omitted. A detailed description of the various mineral
occurrcnces will be found in the mein body of the reporte.

Fuels and Other Hydrocarbons

Asphalt and related bitumens

Trinity River drainage basin -
Found in asphaltic sand stratum of Trinity age (Lower Cretaceous),
in Cooke and Montague Counties. Reported from oil secp in
Tarrant Clunty. No prescnt production.

Tributary arca outside of Trinity drainage basin -

In Texas from oil secps and imprecgnatcd sands in Permian rocks
in Coke County; from Pennsylvanian rocks in Stcvcns County;
from oil secps amd imprcgnated Eoccnc strata in Anderson and
Nacagdochcs Countics. In Oklahoma from Permian beds cast of
the Wichita Mountains in Comanche County; in strata ranging

“ from Ordovician to Cretaceous on north, west, end south flanks
of the Arbucklc Mountains; from tar sands of Crctaceous age in
Love, Marshal, Johnston, amd McCurtain Counties. Also as
vein-like denosits of grahamitc and impsonite in thc Ouachita
Mountain area, in Stcphens County and in a few other places in
the states Production from Murray County, Oklahoma (Arbuckle
Mountain arca),

Coal, lignite, and peat

Arca subject to pcriodic flood -
Lignite - Lignite in Yegua formaticn (Eoccne) crops out along
Trinity River in Fouston znd Madison Counties. Lignitc belt in
Wilcox group (Eocene) crosses river in Henderson, Anderson,
Navarro, and Freestone Counties,

Trinity River drainage basin -
Coal - Bituminous coal of Pennsylvanian agc found ia Arsher,
Jack, Montaguc, i/ise, and Young Counties. \

lLignite - Found in Anderson, Frcestonc, Henderson, Houston, Leon,
imestonc, Nevarro, and Van Zandt Countics in Eocene sirata.

Peat - Extensivc undevelopcd peat bogs in Houat.on and adjacont
Counties.
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Coal, lignite, and peat (continucd)

Tridbutary area oui side of Trinity drainagc basin -
Coal - In Texas bituminous eoal is fouad in Archer’, Bl'mm,
Colcman, Eastland, Erath, Jack®*, Montague®, Palo Plnto, Parkcr,
Stephens, and Young®* Counties. Abundant in Pennsylvanian
strata in cast-cecntral and northeastern Uklahcma where it has
8ccs mimed from ten diffcrent beds. Some of the beds are of
mincable thitkness bencath huadrcds of square riles.

Lignite - From Foceno strata in Bowie, Camp, Cass, Cherokec,
Pranklin, Frecestonc*, Gregg, Harrison, Henderson®, Hopkins,
Houston*, leon*, Limestone®, Mcrion, Mcrris, Nacogdoches,
Panola, Rains Robertson, Rusk Smith, Titus, Van Zandt*, end
Woods Counties, Texas,

Pcat = Pcat bogs oecur in Houston* County and in a number of
other localitics in the Texas part of the tributary arca, but
there is no commcreial production from within the area,

Natural Gas

Arca subjeet to periodie flood -
Somc natural gas fields are found in the flood plains of the
lower part of the Trinity River,

Trinity River drainage basin -
A number of natural gas fields arc found within the Trinity
drainagc basin, particularly in thc lowcr part,

Tributary area outside of Trinity drainagc basin -
Natural gas fields arc found in almost all parts of tributary
arca but arc most abundant in cecntral Oklahoma and north-eentrel
and ccntral Tcxas. Amarillo field is the largest discovered to
date.

Pctrolcum

Arca gsubjcet to pncriodie flood -
A number of ficlds in the lowcr part of the Trinity drainage
basin arc in the area subject to pcriodic flood,

Trinity River drainage basim -

Comparativcly fcw in thc upper part of the basin; consideradble
number in thc lower part. .

Tridbutary arca outsidc of the Trinity drainagc basin -
From almost all parts of thc tribut ry area except extreme
“eastern Oklahoma. Tributary arca is one of thc richest petrod.
leum rcgions of the wcrld.

.

* Also occurs in the samc ocumdy in thc Trinity drainege basin
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Non-metallifcrous deposits

ddbrasives

Area subject to neriodic flccd =

Material suitable for grinding pecbbles and sand suitable for
abrasive usc arc found in sand and gravel dcposits along the
Trinity RKiver. Veleanic ash is found in thc belt of Jacksen
and Catahcula strata of Tertiary agc which crosses thc river in
Polk, Trinity and Walker Conties. The Catahoula also contains
deposits of rice sand some of which may bc in the arca subjoct
to periodic flood.

Trinity River drainagc basin =
All thc abrasives listcd above arc found in the Trinity basin
outsidc thc area subjcet to flood, Im addition, dcposits of
chalk are found in Upscr Crctaccous rocks in thc northera part
of thc basin, but the dcposits havc not been developed,

Tributery arca outside of thc Trinity érainage basin -
Grinding pcbblcs have not becen produccd commereimlly im the
tributary arca although suitablc matcrial probahly occurs along
many of thc major strcams in thc arca. A small production of
abrasive sand has bcen rccorded from the Tcxas part of the arca;
there is no rceord of it having becn produecd in Jklahoma
althouvgh suitablc material orobably could be obtaincd fram a
number of sand deposits in thc statc. Volcanic ash is found in
the Jackson and Catahoula strata in the tributary arca cast of
the Trinity drainagc basine Deposits of volcanic ash are
extcnsive in Oklahoma, the largcr dcpésits being concentrated
in thc northwcst, north-ecntral >nd east=central parts of the
state. Similar decposits arc found in scveral localities in
western Texas, There are scveral oroducers in Oklahoma, and a
small mroduction has rccantly becn rccorded from the Texas part
of thc arca, Although there has becn no production, deposits
of diatomitc arc known in scveral widely scattcred localities
in thc High Plains arca of Tcxas, Material suitable for the
manufacturc of millstones, whctstoncs and oilstones is reported
in Oklahoma but has not been utilized for this purposec to any
consideradblc extente.

Barite

Tributary arca outside of the Trinity drainage basin =
Occurs in many placcs in Permian rocks and western Tcxas and
wostern Oklahoma but has not bcen produced commerically in tho
tributary arcae

Building stone

Trinity River drainagec basin -
Limcstcnes arc abundant in the Cretacecous dcposits in thc upper
part of the basin, but gencrally are scarce or of poor quality
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Building stone (continuecd)

in the Tortiary rocks in thc southern part of the basin.
Sandstoncs arc abundant in thc. Tortiary rocks of the basin but
arc not overywhere sufficiently cohsolidated to be used for
building stonc. Tertiary rocks in the basin also contain beds
of glauconitic rock and silieified wood which have beon used to
somec extont as building stone,

Tributary arca outside of thc Trinity drainage basin =

Celcstite

Limestones arc abundant in the Pennsylvanian, Permian, and
Crctaccous strata in Oklahoma. Sandstones are prcsent in the
tributary areca in beds ranging in agec from Cambrian to Quater-
nary. OCranitc is quarricd in the wichita and Arbuckle Mountains
arca in Oklshoma. Marble has becn quarried in Sequoyah County,
Oklahoma and silicified wood in Erath County, Texas. Building
stocne of onc sort or another can bc obtained in most parts of
thc tributary area except the lower »art of the Trinity basin
and in somc of thc countics in thc High Plains arca,

Tributary arca outsidc of the Trinity drainagc basin -

Clays

Production centered in Nolan and Brown Counties, Texas.
Reportcd also from Oklahoma but deposits have not becn devel=
opcd.

Arca subject to periodic flood -

Bleaching clavs = Bclts of sedimentary rocks coniaining ben-
toniE and 1ullcrs carth cross Trinity River in Houston, Leon,
Madison, Polk, San Jacinto, and Walkcer Countics.

Burning clays - Found in various places in the Trinity basin

and some of thcsc deposits may extend into the arca subject
to flood,

Drilling elays - Some of bentonitic clays listcd under blcaching
clays probably could bc uscd for drilling clays.

Trinity River drainagc basin -

Blcaching clays - Bentonitc ond fullcrs carth found in Cook
Mountain, Jackson and Catahoula formations in Houston, Lcoa,
Madison, Polk, “San Jacirto, Trinity, and Walker Counties.

I’urnig clays - Abundant in Crctaccous and Eoeenc formations in
the basin,

W = Most of production is from outside basin but
part o onite outvut is uscd for drilling clay. ,
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Clays (continucd)

-
i Tributary arca outside of Trinity drainage basin -

Blgaching clays - Produced from Angelina, Scurry and Briscoe

% Counties, Texas. Formerly produccd in Woodward County,
Oklahoma,
Burning clays - Clays suitable at lcast for the manufacture of
common brick and tile arc found in almost cvery part of the
tributary arca.
Drilling clays - Produced in Angclina, Howard, and Terry
Counties, Tcxas. Suitable matcrial is found also at a number of
other plices in tributary arca, chiofly in northwcstern Texas
end western Oklshoma,

Dolomitc cnd megncsian limestone
Tributary arca outside of Trinity drainage basin -

Best decposits are found in Arbuckle and #ichita Mountains in
Oklahoma, but have not becn utilized to any great extent.
Flscwhere beds are thin and havc bcquwscd only locally as
building stone and for crushed rocke

e Gypsum and anhydritc

Trinity River drainage basin -

4 Reportcd in drill holes in Cretaceous beds in Freestone, Hill,
and Parker Counties, but there has been no production fram this
sourcce N

Tributary arca cutside of Trinity drainage basin -
Large rescrves in Permian strata in both Texas and Oklahoma
parts of area, Opcrating companies in Blaine County, Oklahoma,
and Fisher, Hardemgm and Nolan Counties, Texas.

Helium |

Trinity Rivcr drainage basin -
Some natural gas fields in extremc upper part of basin contain
a small proportion of helium but there has becn no produstion
from within the basin.

Tributary arca ocutside of Trinity drainage basin -
Most' of world production is obtained from Hartley, Moorec,
Potter, and Oldham Counties, Tcxas, Other gas fields in
tributary arca which contain aj» reciablc quantities of helium
arc in ccntral Texas and northe-central Oklahoma,

*

Limestone, caliche and shell deposits

Trinity Kiver drainage basin -
Limcstone - Abundant in Cretaccous rocks in upner part of basin,
Generally scarce in lower part of basin,
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Limestone, caliche and shell denosits (contimmed)

Shell deposits - From Galvestcn bay near mouth of Trinity River.

Tributary arca outside of Trinity drainage basin -
Limestone - Abundant in eastcrn Oklahoma and in Texas cast of
the High Plains and west of the Coastal Plain. Generally scarce.
on the Coastal Plain, although some of the older Tertiary form-

ations contain limestone beds. Generally scarce in western
Oklahoma and in the High Plains area of Texas.

Caliche = Found as surficial deposits in thc High Flains.
Phosphate Rook

Area sudbject to periodic flood -
Phosphatc-bearing bcds in Crotaceous -nd Eoccne rocks cross the

Trinity River at scveral places but phosphate doposits are not
commcrcially important.

Trinity River drainaegc basin -
In Focene and Cretaecous rocks at many places in the basin, but
the dcposits are of no present commercial importancee

" Tributary arca outsidc of Trinity drainage basin -
In Cretaceous and Eooene rocks both within and without basine.
Also in Pennsylvanian and Pcrmian strata at various places in
Oklshoma and in Pormian rocks in Texas. Deposits are of no
present commercial importance.

Portland ccment materialse

Trinity River drainagc basin -
Raw materials for manufacture of Portlaud cement abundant in
Trinity Rivce basin. Two cement plants are at Dallas; a third
at Fort liorthe A cement plant at Houston (outside tributary

arca) uses kaolinitic clay from Frcestonc County and oyster
shells from Galvcston baye

Tributary arca outsidc of Trinity drainagc basin -
Raw matcrials for manufacturc of Portland cuament abundant in
both Tcxas and Oklahoma parts of tributary arca. In addition
to thosc mentioned above, canent plants are at Yaco, Texas,
and Ada, Oklahoma,

&

Sand and gravel

Area subject to periodic flood -
Abundant in flood plain of Trinity River. Principal production
is in Fort Vorth - Dallas arca. Proportion of sand to gravel
is high below Dallas but sand and gravel is produced from flood
plain ncar Romayer in Liberty County.

Trivity River drainagc basin -

Stream and river terracc sand and gravel deposits arc abundaut
in Trinity basin. Chief production is from Tarrant, Dallas,
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Samd and gravel (continued) .
Keufmen, Ellis, Henderson, and Liberty Countics. Deposits
suitable for producing concrcte aggregate arc scarce beclow
Dallas,

Tributary arca outsidc of Trinity drainage basin -
Occurs as stream and tcrraec gravcls along major rivers. Sand
and gravel deposits cap many of the interstream divides in
westorn Texas and western Oklahoma,

lass sand and other specialized sands

Trinity River drainage basin =
From sands in the Focene Claibornme group in lower part of the
basin and from Crctaccous Trinity sand in thc uoper part. These
formations cross the Trinity River and in .placcs may crop out
in thc area subject to periodic flood.

Tributary arca outsidc of Trinity drainage area &
Eoccne and Crotaceous sands mentioned above occur also outside
of thc drainage basin. Dest glass sands in tributary area,
however, erc found in the Simpson formation and the Arbuckle
Mountain arca and in the Burgen sand nesr Tahlequah. Both thesc {
formations are of Ordovicien agee

Soluble salts

Trinity River drainage basin -
Common salt - Found in salt domes in anderson, Frecstong, Lcon,
Liberty and Chambers Countics, No prcscnt production from
within the Trinity basin.

Calcium chloride ~ Probably prescnt in oil ficld brines from the
Trinity basin, but no production has bccn rccordede

Tributary arca outsidc of thc Trinity drainage basin -
Potash - Largc rcscrvcs in the Permian basin in west Tcxas but
the known dcposits arc too low gradc to compctc with the
New Mcxico depositse

Common salt - Abundant in salt domcs on thc Coastal Flain, in
bedded deposits in Permian strata in west Tcxas and Oklahoma,
and in salinc lakcs in westcrn Texas and western Oklahoma,
Principal production is from Van Zandt County, Tcxas, and from
oods, Harmon and Bcckham Counties, Oklahomae

Calcium chloridc - Some calcium chloridec was produced near

lsa, Oklahoma, from oil field brincs, but no production has
been reported since 1936, Permian salt beds in western Texas
and Oklahoma also contain calcium chloride but none has been
produced from this source,
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Soluble salts (continued)

Sulfur

Magnesium chloride - Associatcd with common salt in Permian
streta in westcrn Texas ond western Oklahome. Rcported in
brincs in Permian strata in Borden County, Texas. No present
production.

Bromine -- v2curs in alkaline lakes in High Plains arca, probably
as magnesium dbromide. Also in various oil field brines. Small
production rcportcd from nlant at Jest Tulsa, Okleshoma, pricr to
1936.

Magnecsium su}fate - Recovered from shallow wcll brinc in an
alkalinc lake bed ncar 0'Donnel, Lynn County, Texas.

Sodium sulfate = Produced from alkaline lakcs brines in Lynn,

and Terry Counties, Tcxas, and has been reporicd in
alkalinc lakc dbrines in several other countics in the High Plains
arca of Toxase ’

Trini ty Rivce drainage basin -

Development of a sulfur dcposit in the Moss Bluff salt dome in
Liberty 2nd Chambers Counties is rcported being considercd by a
nationally-known sulfur producer,

Tributary arca outside of the Trinity drainage besin -

Copper

Although therc arc a number of salt domes in the tritutary arca,
only the Moss Bluff dome is known to corntain commercial guantitios
of sulfure

Metalliferous Deposits

Tributary arca outside the Trinity drainage basin -

Iron Ore

Found mostly in Permian "red beds™ in western Texas and
Oklahoma. Scveral attegpts havc be.n madc to mine the
. dcposits but all to date havc been unsuecessfule

Trinity River drainage besin -

The cast Texas iron ores are dcerived from the weethering of Wechos
strata of Eoccnec agee The iron orc belt crosses the Trinity
basin in Robcrtson, Leon, Houston, and Anderson Counties; but the
principal deposits arc east of the drainagc basin. .



Iron Orc fcontinued)

Tributary crea outside of the Trinity drainage basin -
The principal deposits of iron orec are in the belt of ‘leches
strata east of the Trinity drainage basin. In 1944 there were
* three producing mines in the east Texas arca. There are iron
orc deposits in the Wichita ond Arbuckle Mounteins areas in
Oklehoma, but the deposits arc either too small or too low grade
to bc an important source of iron ore.

Manganese

Tributary area outside of the Trinity drainage basin -
Found in the Arbuckle and Ouachita Mountains in Oklahoma. There

has bcen a small production from thc Ouachita arca but the
. deposits are small and arc of marginal grade.

Zinc and lead

Tributary area outside of the Trinity drainage basin -
Some zinc and lead deposits are known in thc Wichita, Arbueklo
and Ouechita Mountains in Oklshoma and several attempts have
becn made to mine tham but to dote all have becn unsuccessful.
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ASPIVLT .1D RUL.TLD CITUQENS

E o B, 8tenzel cnd I, C, Fountein, Surecu of Lcononic Coology ,
University of Te-as and T, A, Iendricks, United Ctates Ceolorical
Survcy.

Bitumens tre generally fusible substances of variable color,
herdness, and volatility comnosed 7rincinally of complex orgenic com-
pounds. Thoy are naturally-occurring saturated hydrocerbons substan-
tielly free of oxygenated bodies and include all nctroleums, natural
asnhalts, notural wexos, and asnhaltites, DIctroloum is discussod in a
separate chapter,

/snhalt is a snecies of bitumen of dark color and variable
herdness, that is comneratively non-voletile, It is composed principally
of hvdrocerbons, is essontially free of oxygenated bocdies and crystalliz-
able naralfins, is fusible, and is largely soluble in carbon disulfide,
vielding water-insoluble sulfurction nroducts, Asphalt mey occur in
naturc in o relatively -ure state or may be @associated ‘ith mineral
matter., Vhen the contont of mineral matter is preat or the amount of
asohalt in a rock matrix so small thot scoeration of the asphalt is
imprecticable the material is callsd rock asphalt or bituminous rock. i
common tyne of bituminous rock is the bituminous sonds or tar sands,
vhich rre sands impregnatcd with bitumen or ter, .

Severel rolated substances such os grahemite, glanco piteh, and
gilsonitc are croupcd togetlicr s asnhaltitc, which differs from asphalt
in that it is ¢ hard non-volotile coal-like solid, static ot ordinary
tomneraturcs and fusible with difficulty., The asnhaltic pyrobitumens
differ from csnheltite in thet thoy are infusible and are larrely insol-
ublc in carbon disulfide., This proup of mctorials includes celaterite,
wurzilite, albertite, cnd irhsonitc,

Lsphalt, acsnhaltite, = sphaltic pyrobitumeons, and bituminous
rock occur in natural denosits, Thoy tre believed to be the nroduct
of metamorphism of asphaltic netroloum, Common asphalt, such cs that
constituting tho organic nortion of tnr scnds, has undergone little
change from the oripinal netrolcum other thoan the loss of volatile froce
tions, Howcver, grshamito, glonce pitch, ond gilsonite ap-ear to be
products of nolymerizntion in which simplc moloccules of t oripginel
petroloum have bocome rearranged into more camplex moleculos of higher
nolecular weight, undcr the influcnce of time, heat, pressure, end cate
elytic arents, Thesec ~rocosscs are believed to have progressed further

to form the asphaltic pyrobitumens,

ILsphalt is also manufcetured from residual fractions end dis-
tillates in the refining of petroloum, Suchosphalt is celled manufacte
ured or nctrolcum 2snhalt, About 88 nercent of the totel annual produce
tion eof asphalt oand related bitumens in the United States is from
petroleum refincries, About 2/3 of one -ercont of the total domestic

.production is of gilsonito from Utah, and the romaining nroduction is

Almost cntirely of bituminous rock, more than 2/3 of wk.ch comos from
Toxas »nd Oklohoma,
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The principel usc of asnhalt is in peving, vhich consumes be-
twecn 55 cmd 75 nercent of 21l asphalt nroduced ©s vell as virtually all
bituminous rock produced, DSotween 1€ ond 30 nercent of the production of
asphelt is used for roofing, Other uses, in the smoroximate order of
their importance, are for waterproofing; emulsificd asphalts oand f1luxess
molding compounds; naints, ememels, japans -nd lacquers; mastic ond .
nastic cakey nipe coatings; end blending with rubber, In addition there
are vory many minor usecs vhich tc~ether represent e sipnificant con-
sumnption,

The vhysical characteristics that determinc the suitability of
asphalt for most uses are related to its combined function cs a binder
and as a water- and woathereproofing meterial, Principal factors are:
uniformity; viscosity and softening or fuuing noint; solidifying noint
and herdness or nlasticity; adhesiveness; nnd resistenco to moisture ond
weathering, Purity is important for most uses oxccpt paving, cnd many
cheracteristics arc of wrimery imnortance to one or noro of the num-
crous spccial uses, Slending to produce a material to moot spoeificas’
tions is comion practico, The high fusing point cmd low placticity of
grohemito rostriet its suitability for many purposcs, It is used
princioally in combin~tion with asphelt ond other matcricls in snocicl
produc.s such as bituminous rubber substitutcs; smcll molded articlos
such as nushebuttons, cloctrical fittings, handles, ote.; 2utomobile
batiery cases, ctc,

l'ost bituminous rock is mined in opcn cuts by blosting, and
thon loading with steam shovel, dreg-linc, or other mcochemical oquipe
ment. The asnhaltitos are rcnerclly mined in shafts or tunnels by
normal stoping, room and piller, or longwall mining mcthods depending
on the locel conditions of occurrcnce of the meterial,

The discussion of methods of processing nsnhclts and related
bitumens will bec confinced to bituminous rock and grohemite, which are the
only two matcricls of sipnificant commercinl possibility in the Trinity
River tridbutery area, Rock asnhalts rro gzcnerally hroken down in a jaw
crusher, toothed-rollcr crusher, or o disintecgretor, scrooned to tho
required sizc, snd blcndecd to the rcquircd asnhalt contont; the material
is then trected in 2 revolving fire-hcated cylinder to c¢xnecl moisture,
usuclly at a temicrature of 260 to 300° F, Pnving asphclt penernlly
is nroccssed loenlly °nd the nroduct tronsnorted to the job whilo still
het, .issphelt hns been extrrcted from csnhaltic rock at scvoral plants
by boiling the rock in water, In order for this method to bo succcss-
ful, the contrined asphnlt should hove o fusing noint not cxcecding
90° F, »nd thc mincral mattcr should be unconsolidated and coarsc-grainod
to permit scnarstion of the csnhnlt ond minersl metter, ropid scttling
of the mincral motter, ond risc of thc rclcnsed asphalt to the surface
of the water. The acsvhalt must® dechydrated later by horting, for which
o number of differcnt pnroeccsses.-have bocen used, . numbcr of other
procossos of scporating asphelt from scnds and of sonerating various
fractions from ~snhnlt have becn considercd, lNost of those procossos aro
bascd on cxtroction with solvonts ~nd erc not in poncrel commercial use,

Beeruse asphrlt ~nd the related bitumens are liquid, semi-solid,
and solid, they arc transported in a varicty of ways, The liquid :
verictics ~nd othors with low molting noint crc tremsnortod in tank cers,



tonk trueks, .:ct~l drums, wooden borrcls, end fiber b rrcla. The nore
solid varitics arc shin-cd rs cakes or molded blocks. OSome csphelt is
moltcd -nd run into »cper begs which scrve °s conteiners cnd some is
shinacd ns “shot" ~ftor rronulation by runring o strcam of molten asnholt
into water to chill tho drons. Lerge containors in which semi-liguid
asphalt is shipncd, such o tenk cers or trucks, cre genernlly cquipped
with heatins deviccs to noernit romovnl of the matericl at its destination,

Tho asphrltic doposits of the Trinity River tributery erec in
Toxas crc not being ox»Hloitad nowr but some asphalt was nroduced »rior te
1600 in north Texes ond east Texes, It was mincd by crude mecthods in open
quarrics or dug wclls ~nd was uscd loenlly in poving strects ond side-
walks, Tho oil-imnrgrneted scnds of Jarvis Chrnel, .ndorson County, were
uscd for poveront of small arcas in Prlestine, Texas, In thoe town of
St. Jo, llonteguc County, local asphalt has also bc n used for n»oving ond
has stood up woll under traffic,

The eommereirl veluc of the asnhalt deposits of the St. Jo '
district in Cookc ond llontapuc countics is difficult to cvolucte, 1ts
position hirh on thc slopcs of naturel ridges is idenl for mining with
grovity methods, lctting the fillcd cars null up the empty oncs., This is
thc ohcapcst form of londing. The choarncter of the rock mhy orescnt
difficultics, Thc denosit is not thick ~nd thc asphult is in somc places
irrecgularly distributed around larger masscs or bouldors of unimprcgnated
rocke Thc overburden teo is o nroblem, Exploitation should in any casc
bc nrceeded by corcful oxnloration for frvorable loccl deposits,

The comucreinl valuc of the oil-imprcgnated sands irom Jarvie
Chancl is cnhonced by their foirly wniform charccter which would insure
o wiform - roduct,

The asphaltic dcposits of thc Trinity tributary crea in Oklahoma
cro being cxnloited. Cituminous rock is blonded 2t on as»nhelt plont near
Doughcrty in I'urray Count:-, Oklohoma, ~nd is markcted for rénd-surfacing
matericl, OSimilor motcrial hes been nronnred ot nlants ot Ada in
Pomtetoc County "nd ncor Stroud in Lincoln County, There crc no plonts
in Oklahomt cngaged in »~roccssing rclatively purc asnhalt or in the
fabrieation of any of thc »roducts thot utilize asphalt, The nrosence
of numcrous ctrolcum refinerics in Oklahom~ 2nd Texas and the lorge
nctroloun resources of the tributary arec insurc o substantial source of
supply of nonufacturcd asnhalt for many years, 4An oxccss of monufactured
asphnlt for paving purmoscs is now produccd in Okl-hom> ~nd Toxas, ond is
shinncd to other arcas,

The post-wnr construstion »rorsr~m, which is cxpccted to include
oxtensive rond construction amd repoir work os well as construction of
buildings should nrovidc an.poxcellcnt markot for nsnhalt »roducts, Con-
sidering ~ll factors of supply of raw materi-ls ond notential markets the
crona anncors to be onc in which an industry of modcr-te sizc ongrged in
the srconration of roofing mntcrinls, water-proofing, weathor-proofing,
end asnhrlt -z2ints ~nd ccments, might -rospcr,



NEW MEXICO

paie A\ OKANSAS

EXPLANATION

TEXAS
9 Asphaltic sand of St. Joe district, Montague and
Cooke Counties, Trinity group, Lower Crefaceous

Petroleum - impregnated sond, Jorvis Chapel district Housron ¢
Anderson Co.; Queen, City formation, Eocene

© Other occurrences
| Coke County, Double Mountain group, Permion
2 Stevens County, Cisco group, Pennsylvanian
3 Tarront County; Washita group, Lower Cretaceous
4 Nocogdoches County; M. Seiman group, Eocene

OKLAHOMA
- Bituminous rock
A Grohomite
A& Impsonite
e Asphalt plant
Petroieum refinery with aphalt production

¢ DISTRIBUTION OF ASPHALT AND RELATED BITUMENS
IN THE TRINITY RIVER TRIBUTARY AREA
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Occurrence of noturcl asnhalt ~nd rclrted bitumcns in
the Trinityr River tridbutary cree

Texas

The bituminous scnd dcnosits !novm in 1902 were investigoted by
We B, Phillins (10).4/ it the -roscat timec thc folloving dcnosits cro
knorm:

Cooke County: (1) Four milos southwost of Muonstor; (2) 13
miles wost of Lucnster: (3) 6% milcs southorst of St.J0p

Montcgue County: (1) nmorthcrn extremity of Sampson Ridge cest
of Dovil's Backbone, 3 milos northenortheast of St Jo; (2) cxtrome
northern point of Gordon l.ountain, 4 nilos north-northwest of St., Jo;
(3) southwest side of Cordon lountsin, 1% milos north of Ste Jo.

‘Tho dcrmosits o. cookc ~nd I'ont-puc countics cpperently form con
oxtensive district in which the rspholtic sond strotum cvercges locally
3 foct in thickncss. Some of the cxposcd denosits are traccable for about
1 milc on tho surface, This strotum is in the uppcr »ort of tho Trinity
sand of thc Lowor Cretaccous,

Coke County: (1) tlong Poc~n Crock ~t somc distancce nbove its
confluonce vith Srazos River, snor~dic oil sccpages from the San .ingole
and lower Clrinc (Flower Pot) snnds of thc Permiamng (2) noar Edith post
officc on Pcean Creok just .oast of Robert Loe, Theso sccps ond improg-
n~ted sands have not boon utilized,

Tarrent County: a small sprinr or scepnpe of noarly »urc
csphalt is reported from a small basin 7'milos south of Fort ‘‘orthe Tho
pool is 10 to 12 fo.t in diamcter,

!nderson County: vicinity of Jorvis Chapel, ~bout 10 to 123
nilcs cast of Prlestince Tho denosits consist of s~nds imprornatcd with
heavy nctrolcum and arc in the Queen City formntion of the Loeccne, Folle
owing the origincl discovery of ~ scupoge of heavy oil ncer Jarvis Chapel
& 1ell vms nut down to ~ depth of 300 fect, cncounterin; quantities of oil
end o smnll cmount of g~se This wcll is about 300 verds northenorthozst
of tThc prosont Jarvis Chopol, ond is within ¢ milc of most of tho known
occurrcnces of the nsphaltic material, cithor at tho surface or in test
holeses Tho oileimnrcgnntcd snnds mnko up throe distinet and ncighboring
deposits cxtonding ovcr ~ distancc of 1,8 milcs, Thc oastorn deposit
occunics nbout 20 aercs, thc contrnl one cbout 144 ncres, "nd the westorn
onc 34 ccres, meking o total of about 200 acres, The oileimpregnated
s~nds crop out 2t thc surface in theo onstorn deposit, but clsowhoro they.
lie under 2 cover of 5 to 40 fcot thickness, Thcir thickness varics
from 0,6 to over 10 fect, '

Necedpdoches County:s oil sccps hnve long bocen knovn ond utiligzed
nenr Chirono. Thc nctrolcum occurrence of thesc scops and wells duz in

5/'Litnrnturc roforoncos cro given in the bibliography to this pepape



the area of the seeps is more in the nature of a shallow oil fleld than
of minable bituminous sands,

Analyses
A B C D
Asphaltene - - - - - 135 0.45  trace 11,25
Petrolene- - - - - = 9,00 5,31 10.10 12,09
Total bitumene - - - 10,35 5.76 10,10 2334
CaCOz= = « = = = = - trace - 0,56 trace 0.00
S w o e e 0,20 0.14 0.50 0.43
S102 @ = = =« = = = = 89,65 93.68 £9,90 76,71

Totale = = =« =« - « =~ 100,20 100,14 100,50 100.48

B F
Total bitumen- « = BeO9T —  Beob
Sp. Er.- Lol A 2.06 1.52
Penetration= - - -  very soft very soft
Ductility « = - - 0 0
Percentare through  :/60--100 100
Percentare through 250==l4,7 - (G0e3

Percentage through  3/100-=2,7 21,5

(A) Semnson Ridre, 3 miles northeast of St. Jo, llontague County,
(B) Thomas Hoover's nlace, Cooke County

(C) One and one-half miles west of Iuenster, Cooke County

(D) Chapel well, iAndersoi County

(Z) St. Jo. district, llontague and Cooke counties, average,

(F) Jarvis Chanel district, Anderson County, average.

Analyses (A) to (D) from VI, B, Phillips (13); (E) and (F) from
W. M, Terry (19)e

Oklahoma

The natural asphalt denosits of Oklahoma fall into two
general pgrounsy tar sands or bitu-inous rock deposits scattered through-
out the east one-half of the extreme southern part of the s-tate; and
grrhamite denogits in the Ouachita llountains, In addition, impsonite
occurs in two small denosits near Pope in LeFlore County within a few
miles of the Arkensas s*tate line and near Dougherty in MNurray County
in the southecentral nart of the state, and grahamite is reported in a
small denosit neer Alma in Stephens County, -

The bituminous rock deposits are in three general groups, One
group of denosits is in sediments of "»rmian age a short distance east of
the Wichita liountains in Comanche Cowity, Oklahoma, The second group of
denosits occurs in limestonés, sandstones, end shales of Ordovician to
Cretaceous age on the north, west, and south flanks of the irbuckle
lountains in south-central Oklahoma, The third group of deposits ere tar
sands in rocks of Cretaceous age in Love, liarshall, Johnson, and McCurtain
Counties_near the Texas state line in eastora Oklahoma, Two of the
principal denosits have rccently been studied in detail by the Geological
Survey, United States Department of the Interior (7 eand 8), One of these,
the Sulphur deposit in secs, 15, 21, and 22 T, 1 S,, R, 3 E,, Murragp
County, ofcurs principally in faulted sandstone beds of the Simpson



group of Ordovicirn agee The rock that has boon minod hes ransed botweon
6 cnd 12 worcont of bituminous mateorirl and has cwverared 7 to 8 peroont,
The sceond donosit is noar Doughorty in sce, 25, T, 1 S,, R, 2 E,, ond
scc, 30, To 1 S,, Re 3 L, in l'urray County. In this dcposit asphalt
imprcenatcs beds in tho Viola limestone of Ordovicinn age, The asphalt
contont of thc rock varies but slightly from 3 pcreont by woight. Rock
from thesc two dovosits is mixcd togethor with somc purc asphalt to meko
a paving meterinl, The othor denosits crc oithor loss cxtensive or have
a lowecr ~sphclt contont,

The grahemitc doposits of the Ouachita llountzin erca oceur in
vcins, lost of tho voins are in shcle cnd sandstonc beds of Carboniferous
oge, but n few are in limestenc, shalc, 2nd novaculite of Ordovician,
Silurian, ~nd Devonian cgce About half of thc wveins lic »mercllel to the
bedding of the surrounding rock "nd the romainder occur in fault zoncs,
I'ost of thc veins arc lcss than ono foot thick but thicknessos ns groat
as 6 fcot hove beun obsorved loenlly, Visible impuritios cro few,

Rosorves

Yo accurcte ostimote of tho totrl rescrves of tho nsphalts in
thc Tcxas »~rt of tho nrea is nosciblc at this time, though from tho
oxtont ~nd thiclknoss ronorted for thc dcnosits in Cookc and lontaguo
countios, in north Toxas, thoy nust bo considerablc in that region. Thoy
arc cssumcd to bec nrescent in a more or loss continuous stratum about 3
feet thick under the cntirc cxtent of tho Trinity Crotacoous strata in
that nart of Texas, Thc throo dcnosits ~t Jorvis Chepel in inderson
County contain nbout 3,700,000 cubic yords of oil-imprcgnatod sonds
undorlying cbout 200 2cres, cccording to cstimate mrde by the Duroch
of Zconomic Geology of The University of Toxas, Dowowver, it is not
knovm how nwuch of thc doposits is rocoverablo,

The tomnage of roscrves of bituminous rock in Oklchoma cannot
bec computed beeruse of lack of drta dn thcir thickness in somc donosits
and loteral cxtent in othors, Iowcver, it mey be stated thot tho
aggrogetc tomncogoe is large in relation to past productions Tho tonnoge
of grehemite resorves cannot be computcd bocrusc thoy hhve not boen
proapccted or mincd sufficicntly to sumnly dota on their cxtonte The
total tonmoge that could boe considored proved on the basis of the scant
cvniloblo data should not cxcecd 1000 tons, but shouM on cttractive market
cxist for rrchamite from thesc deomosits, it is belicved that adequeto
prospccting of knovn denosits vould rcvenl mony times this emount, Tho
sunnly of monufacturcd asphclt to bo cxpeeted {rom notrolcum rofinorics
in thc futurc is dcocndent on the o0il rcsorves ond is large, but cannot
bc cstimnted ~ccuratcly becnusc of possiblc modifications of rofincry
prrctiec, which might change the asphalt outnut moterially,

Producing componics and »roduction 1
The only comnany rining ~snhnlt or bituminous mctorial in the -

Trinity River tributary ar.a at orcsent is the “outhorn fock Asphnlt Co.,
Sulphur, Oklchon, which oncratos the-minos in the Sulphur and Dougherty
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donosits in .urroy County, ond produccs bituminous rock for rocd and
stroct surfacing. Production of bituminous rock in Oklchome end
Toxes from 1934 throuch 1943 is riven in theo following table, The
figurcs includo nroduction in Toxns outside of the Trinity River
tributary arce,

Tons Value Valuo
1934* - = » o1, , 1939 « = 2!1 Z§" $ 384 508
1935*% - - 185,013 726,801 1940 - - 282,250 833,248
1936* - - 333,243 1,245,442 1941 - - 446, 432 1,197,319
1937* = - 265,895 1,075,832 1942 = = 699,572 2,018,022
1939% = - 206,443 727,032 1943 - « 600,545 1,673,689

* Includcs minor »~roduction from llow licxico.
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COAL, LIGVITE, iND PELT'

He Beo Stenzel and i+ Cs Fountain, Bureau of Economic Geology,
University of Texas, end T. ..e Hendricks and Ralph M‘ller,
United States Genlogical Surveye

Coel is a type of combustible rock formed from vogetal matter
by heet end prossure operating over e long period of timce It contains
varying amounts ef minerel matter, but when the content of mineral matter
becomes so great that the materiel is not useable as & fuel the rock is
called bone, carbonaceous shale, or some similer term, rather than coal.
Coal supplies more then half of the totzl eneryy requirements of the
worlde ..s the principal sourco of heat and power it plays & dominant
part in industriel development of all countries.

. Coals ere formed by _cologic processes acting on the romeins
of plantse The naturo end composition of a coal is dependent on the
composition of the orizinal raw materiel, that is, the plant rameins, end
the duration and character of the geologic processes which sheped the
plant remoins into thoso sedimentary rock bodies that are called coal
S§CCmSe

Using the duration end intonsity of the geolojic processes as
a guide, tho coals arc classified into o continuous series vhioh bogins
with coals thet were affocted by geologic processcs of short duration and
low intonsity only, end ends tith thosc that®were affocted for a long
time cnd with high intensitye That serios is roughly reprosented by the
following classes of coels

Peate==a» Lignite (or Brown Coal)----p Bituminous Coalewe=y
snthracito---4 Graphito

«smong thesc the peat is loost affceted by geologic processese
In it tho plant romeins can bo sepercted roedily into individuel strands
and identified as their botanical naturce Peet is of very low specific
gravity end heas high primary porositye On the other end of the seories,
grephite is a 'matoricl so thoroughly cltered that it does not contein any
plant structurces; it is rathoer o minerslogical meterial composced of crys-
tals of carbon, end its organic origin can bo surmisod only from deta
other than organic plant structurese

Peat is composed of pertly docayed ond disinte;rated browm to
black vegetal matter, the docompositon of which has bean groestly retprded
by immersion in watere Romcins of numorous plant spoacies ero idontifie
able in pect, but its chicf componont is usually onc plant specics only,
the naturo of which diffors from doposit to doposite Poeat fraeshly raomoved
from its bog usuclly conteins 85 to 90 porcont moisture, has an apparant
specific gravity of up to 1.06, and weighs about 7 to 65 pounds per. cubic
foot, varying with the moisture contente

Lignite is near the beginning of this series of the classes of
coale It contains more or less clearly separable pieces of plant material
identifiable as lignitized roots, leaves, twigs, and tree trunks; but
besides this material there is a considercble amount of earthy to demse,
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more or less friable, materizl that cannot be jdentified as a botanical
entity without the eid of & microscopees The color of lignite is usually
a very dark browm, and the color of the very finely divided material,
obtainable on a mineralogical streak plate, is charecteristically dark -
chocolate=brotme For that reason it is perhops better to call this kind
of coal "orowm coal", es the word "lignite"™ implies derivation from wood
(liznum)--a derivation vhich is only pcrtially consistent with the nature
.of the plant remains thet weni into the meking of lignitees lLiost lignites
are soft, frieble or crumbly, have low specific gravity, ond comparatively
high primary porositye The large amount: of moisture present in mine=-fresh
lignite is due to its hi.h primary porositye The specific gravity of
lignitos is variable and ranges from 1l.16 to 1.46; the average is about
Le330

Bituminous coal is usually brownisheblack to black, and the
mineralogic stresk is brovmish to ;rayish blacke Plant structures aere
only rerely visible to the ncked eye but can be detected under the microe
scope after preparatione The bituminous coals have a glassy or groasy
luster on fresh crossbreakse They are considereably harder than lignites
and more coherente The naturel porosity is low end they cverage about
1.40 in specific gravity.

The principal use of coal is as a domestic fuel and for steam
generation, both in stationary en;ines such as power plants, and in mobile
engines such as reilroac locomotivess The byeproducts resulting from
special treestment are very many and have manifold usese Coke is a residue
obtained by distilletion of certain types of bituminous coals vhereby
most of the volatile materials are driven off as gases and the fixed car-
bon, or coke, left behinde This residue is then used directly as a fuel,
in the manufacture of water ges, in blest furnaces in the making of steels,
and in a great variety of metellurgical processes. The volatile fractions
obtained by the distilletion of coals contain meny valuable hydrocarbons
and other substances that can be recovered and usede .mong the meny bye-
products are volatile fuels and tars vwhich can be further processed and
mede to yield dyes, solvents, drugs, end other chemicalse Only the coals
vith a high fixed carbon ratio are suitable for meking cokee

Lignite cen be burmed as it comes from the mine, but its effi-
ciency is much less than that of the harder coals. Special types of
gretes and methods of stoking ere necessary to achieve the complete burne
ing of liznites However, when fashioned into briquettes, lignite can be
made to epproach some of the other coals in utility and efficiencye Both
lignite and coal have been used in the finely ground or povdered form for
injection into furnaces or boilers somewhat after the menner of a gaseous
or liquid fuele This method achieves a nearly complete consumption of the
fuel,

In the United States, peat has never been burned on a commercial
scale as in some European cowntries, and its principal employment is in
soil improvemente About 93 percent of the peat sold in the United States
in 1940 was used for soil conditioningy the remainder being used in mixed
fertilizers, litter for barms end poultry yards, and as packing material
for egys, shrubs, fruits, vegetables, and fragile articless None was
reported as used for fuel.
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Coal is mined in opemn pits by stripping off the overburden and
in wnderground mines. Undergrownd mining in general is by the room and
piller nethod or the lonzwall method, sither of vhich mey be used in a
sheft mine or a drift or slope minee. The coeal may be undercut by machine
and brolkan do-m by explcsives, or may be shot do'nm from solid facese The
mined coal is hauled to the mine tipple vhere it is loaded directly to
cars for trensportetion if it is to be used os "run-of-mine™ coale Most
coel, hovevar, is classified into size ;rcdes by screaninge If the cocl
has a high ash content the finer sizes are cleoned by vmshinge For cok-
ing, conl "nth suiteble coking properties {rom to or more mines are oome
monly blended in definite proportions to supply & raw matericl with the
best possible coking propertiess

Most coel is trinsported by reilroud but some cocl for local
merkets is heuled by trucke iiuch cocl is shipped bty berge in Europe and
in some parts of the eastern United Statese Bituminous coal is generally
shipped in open cars end may be stored in the opene The tendency of lig=-
nite to slack end to burn by spontancous combustion requires that it be
protected from the weather, both in shipping aond in storage.

Coal, Lignite, and Peat in Texas

Extensive coal=bearing strata occur in the Trinity River tribu=-
tery erec of Texas and contain deposits both of bituminous coecl cnd lig=-
nite; the former is the belt of Pennsylvenian rocks that crop out near
the headvaters of the Trinity Kiver eand the letter in the kocene beds in
the southeastern part of the zrea. In eddition to coal and lignitoe,
doposits of the related substence, poat, are present in ereas adjacent to
the lower recches of the Trinity Rivere However, the introduction of
more desireble or choapor fuels, largely products of tho petroleum end
;68 industry, has made scerious iaroads in the production cnd utilization
of the coal rosources of tho Trinity River arecae Largo scale production
of the bituminous cocls has cecsed, elong vith a severc dccline in that
of lignito.

In Texas, precessin; of ths cocls, espocially lignito, for
enhaneing the fuel valuo, has met with little successe Tho naturcl
adap@@on of cortein Europoan brovn cocls to the manufacture ef briquettes
lod to the carly inference that the Texes matorizl clso might be treated
with similar succoss, but cxperimentetion has so frr not boon successful,
although tho feesibility of mcnufacturing certain dohydrated products
is indicatede

«. small amount of lignitc is now being uscd in the manufacture
of activetod cerbon (8) 2/& chiefly for use cs a filtering matoricl,.

Tosts ond analyscs have shown that some of the bituminous coals
would meke feirly good coke but thot their sulfur .content is too high to
mcke them desirable for blast furncce use (19)s The Thurber cocl, accorde
ing to Baker (22), will cokes Its BeTeUs. value rongos from 11,800.to
13,750; tho fixed carbon from 408 to 52 percent.

1/ Litoraturo roferences cro _iven in the bibliogrephy.
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The annual report of the mining industry of Texas for the year
1928, some ten years after tie veginning of the sharp decline in coal
mining operations, summerizes the mining methods as follows:

"The majority of the bituminous mines of Texes are operated
by the long=-wall method end single entry plens The lignite mines
ere all room and pillar with double entriess 41l bituminous mines
ere sheft mines. Of the lignite, about two-thirds are shaft mines,
the other third using slopes.

"Steam hoists ere used et practically all of the minese The
mo jority use mule haulaje, a few use electric end gasoline motors
end rope heaulages

"The majority of the mines are ventilated by fons, a few
are ventiloted by furncce. Of Texes' output, spproximately 74%
is mined by hend, 1% by mechines, eand 25} is shot off solide
None of the lignite tonacge is mined by machines except the strip
mining, which is mined by steam shovels. There nre tvo different
componies of this lzind opereting in the state et this time."

Leter statisticcl reports of the United States Bureau of Mines
indicate a progressive increase in stripping operations, the details of
which are concealed by includin, the Texas date i1ith those of other states

Underground mining by hend had always obtained in the bituminous
fields untilin 1940, vhen a small tonnage was reported as cut by machines.

I'uture production of Texas coals depends on very many economioc
factorse Coal as a fuel for home use has probably only & very limited
futuree .t present this field is served by natural gas vherever the mar-
ket is a concentrated one; such as in the most populous settlementse
These settlements will probably contianue to be served by natural zes as
long as this fuel is so abundante. This condition would tend to restriot
the l.ome fuel market considercblye

The most promisin; outlet for the coals as fuel is in the
industriel field end in the fuel supply of power plants in such areas
where natural .as is not easily available, but where the coals are con-
veniently locatede The successful operation of the University of Texas
pover plant in Austin vith lignite is an example of this sorte Jnother
possible future use of tho coals is in conjunction with chemical extrac-
tion plents where the coels could be used not merely as iuel but as a raw
materizl for chemical extractione.

 Howiever, should in the future the production of petroleum and
. natural ges not keep pace with the continuously risin; demand for these
products, then conditions for production of cocls mi;ht change so much
that a new era of economic exploitation of the coals might arisee Under
such conditions coals mi_ht be produced again in quantities equal to, or
greater then, were tcken from the ground in the years 1917 to 1920.

The outlook for future uses of some of the Pennsylvanian coals
of Texas is not brizjht. Seems thet are anly 20 to 24 inches thick and
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have & high sulfur content cannot be mined cheeply, nor can they find
many uses.

Peat produced in the Trinity River erea mizht find usus es
soil conditioner in ncarby situated plent nurseries end for commercial
* floristse Such uses would by their nature have to be smell end locally
restricted so that the pect would not have to be shipped for long dis-
tancese In normal times high quality peet from European countries cen
be delivered cheaply by ship to the sea coast of the Unitod States and
is in competition with locally produced peats

Occurronces Viithin the Trinijl River Tributurz_:.roa in Toxas

Bituminous Coals=~.orkable deposits of bituminous coals in the
Trinity tributary eroa aro found in strata of Pemnnsylvanian age in a
number of north-central Texas counties: Jircher, Brown, Colemen, Eastlend,
Erath, Jeck, HeCulloch, Montague, Pelo Pinto, Parker, Stephens, ‘.ise,
end Younge (Figze 3) The various bods renge from Lower to Upper Pemnsyle
venien in &ge, end tho three most important of them represent all three
divisions of Pennsylvanien strate outeropping in the arec, ncmely, the
Strawn, Canyon, end Cisco divisionse

The Thurber coel, of Strawm age, ocours in the basc of the
Minerel %ells formation and has been mined at Thurber in Erath County,
at Gordon end Sirewn in Palo Pinto County, cnd at Rock Crock in Parker
Countye The cverage thiclmess of the Thurber scom is cbout 2 foote

The Bridgeport coal, at Bridgeport, '.ise County, averaging
about 20 inches in thiclmess, is in the upper part of the Palo Pinto
formetion, Canyon groupe liining operations in this bed ivrere the last
to close dovn in t..e state.

The Chaffin coal, in the Thrifty formetion of the Cisco group,
occurs. only in the Chaffin mine near ':aldrip in i:cCulloch County, end .
is about the same thickness as the Bridgeport seem and, like the letter,
is essociated with limestonee.

In addition to the cbove well=known sesms, vhich have been more
or less accurately traced over considerable ereas, other beds of less
certain relationships are Imowr end others continue to be discovered
from time to timees Several thin coals in the stratigraphic vicinity of
the Chaffin seam are ordinarily encountered over e wide arcz in bore
holese These center about Youn; County end can be traced down dip to
the west where they are replaced by oil sands occupying a similar strati-
grephic positions One or more of these coals has been mined in the past
at Newcastle, Young County, and near Jermyn, in Jacl: County.

In the report on Pelo Pinto County, Plummer and Hornberger (20)
nene three coals in addition to the Thurber and give information as to
their extent, thickness, and possibilities of commercial developmente
These are the: (1) Dalton coal, betireen 9 and 10 feet thick, occurring
in the Greford formation; (2) .ibbott coal, 2} feet thick and occurring
in the Brazos River sandstone, iiinereal liells formation of the Strawn
group; end (3) Sunday Creek coel, 65 feet below the upper Santo limestone
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of the killsap Lake formetion, Stravm sroupe This seam is said to be

like the Thurber coal but somevhat thinnere It is e little less then'
2 feet thicke The Dalton secn, it will be noted, is much thicker than
other kmown coals in the areas

Lignites - beposits of lignite ere widespread in Eocene strata
in the southeastern part of the Trinity tributery area, particularly in
the Wilcox group of sediments (Fige 3)e¢ Some deposits of less extent
end importance occur hi_her in the section in the Yegua formation of
Claiborne ages Counties in the area crossed by the lignitic belts are
es follows: (*Indicates past or present commercial productions)

.nderson* Franklin Hopkins»* korris Robertson*

Sowie Freestone Houston* Nacogdoches*  Rusk

Camp Gregg Leon#* Nevarro Smith

Cass Harrison* Limestone Panola Titus#

Cherokee ilenderson* l.arion Rains* Ven Zendt=*
' “io0d*

The Rockdale member of the ".ilcox formation contzins lerge
deposits of lignite in the western part of .nderson County end has been
mined at the Palestine salt dome.

In Bowie, Camp, Cass, Cuecrokee, end Franklin Counties, the
Imovn li_nite deposits have receiv:d little or no development. The same
is true of Ireestone County, vhere & 25=-foot scam occurs ncer Turlingtome
llaay lignite exposures in the county show evidence of having burned in
plece throush neturel ceuses (14 ), after the manner of the porcellenites
of Trinidad and the burned rocks of northern-central United Statese The
Gregg County lignite resources also laclk developmente.

Harrison County has been en importent producer of lignite in
the past from mines necr l.arshall, end there is some production at pres-
ente Lignite from mines about 12 miles to the southwest are utilized
by a plant in that city in che manufecture of ectivated carbone

Liost of the central end wostern parts of Henderson County are
underlain by lignite, thich crops out in places near .thense The county
has been a large producer, :nd mines are now in operation at Melaloffe.

Lignite mines necar Como in Hopkins County were in operation
irom sometime before 1909 to about 1928, according to ennual reports of
state mine inspectors, whose duties end functions expired ancur the latter
datee

Yogue lignite crops out in southern cnd southwostern Houston
County cnd elong Trinity Rivere 4« 6=foot bed near Lovelady vas mined
from 1907 to 1930 During the same period 2 socem avoout 9 feet thick in
hie wilecx wes worked mear Boar Gross and Bvinsville in Leon Countye
Informetion about thess mines is given by ile Be Stenzel (25).

Viileox lignites also occur in the southeast pert of Limestone
County and alon, Sulphur rorlz in Lorris Countye Similar beds of less
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than commercial thiclkmess arc found in Liarion County on Big Cypress
Creek and on the north sidc of Caddo Lake. Ko development of any of
thieso occurronces has becn rcportode

Necogdoches County was listed among the producers in the roport
of the state inspector for 1928, =ith minos near Garrison; end a mine
et Ginger, in Rains County, wes listed in the report of 1909 Dumble(6)
montioned outcrops near Emory in the same county, in what is now calluu
~ the “.ilcox groupe

Kennedy (13), in 1893, reported on the lignite occurronces in
Robortson County, particulerly at Calvert Bluff, vhich deposits were
bein;, developed in 1909.

Non-commercial deposits arc widesproad in tho Yegue of Rusk
Countye Smith and Van Zandt Countios have numerous exposurocs of i.ilcox
lignitos .

Important “ilcox lignite beds necr ilba, in westorn «ood County,
heve becn in intermittent production since 1890 to the presente

Poot- ~ Peat bogs are found in the Trinity River tributery crea
in the outcrop area of the Carrizo sand and the Sparta sand of the Clai-
borne groupe Lxtensive bo,s occur in eastern ilouston Countye These
boys have not veen investigeted from the point of view of commercial
nproduction of peat, .end peat is not produced in the aree, clthough there
has been a smell production from Lee County, outside the tributcry creae

Reserves

-

wstimates on reserves of Texis coal end lignite, most of which
are located in the Trinity River tributary area, hcve long pointed to a
prodizious supplye The north lexas bLituminous coel beds underlie en area
in excess of 8,000 square miles, with a totsl reserve estimated et 3
billion tonse Texas li;nite crecs cover ean estimcted extent of 60,000
square miles, of vhich cbout 63 percent are in the Trinity River tribu-
tary areas The total Texas lignite reserve hes been placed at 30 billion
tonse

sccumulated totel production to the end of 1943 for the entire
stote of Texas was 60,499,000 tons, a totel less than 2/100 of 1 percent
of the estimated reserves ot coal and lignites Vhen it is considered
thaet it hes required more than 60 years to reduce the reserves by this
small emcunt, their enormity is at once evident.
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Bituminous Coal in Texas Portion of frinity River '.l‘r‘i_b_u_ta_rx Area

Production Per Producing
Year (Net Tons) Value Ton Cowunties Mines _ Remarks
1934 15,502 8/ 142,000 &/ 2070 DBrewster*, Palo '3 a/ Includes
Pinto Brevster
Countye
1935 17,112 a/ 46,000 a/ 2.70 Seme 3
1936 21,507 a/ - --  DBrewster* Palo -
Pinto. "ise.
Young
1937 44,060 b/ -- ==  Pcle Pinto, - b/ Includes
Tiebb*, liise, “/ebb#*
Young County
1938 33,781 (1) - - -
1939 8,000 26,000 3423 Palo Pinto, .ise 4
1940 14,137 b/ 48,000 b/ 3.42 Palo Pinto, Wise, 3
Tiebb*
1941 15,482 53,000 3e¢41 Peolo Pinto, "/ise 3
1942 13,210 55,000 4417 Same 3
1943 9,097 39,000 4432 Pelo Pinto -
Total 151,838

—

*Indicates counties not in Trinity tributcry areae
&1l data from publications of United States Bureeau of liines
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Lignite in Texas Portion of Trinity River Tributary .rea

Production Producing
Year (Net Tons) Value _Tom Counties Mines Remarks

1934 561,566 $939,000 {1469 Anderson, Harri- 3
son, Henderson,
Titus, "iood

1935 562,129 460,000 1,22 Same 9
1936 651,952 509,000 0.78 Herrison, Hender= 8
son, Titus, “.ood
1937 707,788 559,000 0479 Seme 8
1938 846,219 679,000 0.80 Seme 8
1939 727,547 809,000 1.11 Henderson, Titus, 8
Yiood
1940 532,471 589,000 1l.11 Sane 8
1941 258,135 245,000 0.95 ilenderson, Titus 6

1942 290,969 8/ 246,000 5/ 0485 Henderson, Hilam*, & a/ Includes
Yiood liilem*
County

1943 144,144 o/ 127,000 5/ 0.88 Scme 3

Totals 5,282,920 5,162,000

*Indicates county not in Trinity River tributary areae
.-11 data from publicetions of United States Bureau of MHinese

Coel in Oklahoma

A Bituminous cozl is abuncant in eastecentrcl ond northeastern
Oklchoma (#ige 3)e It has been mined in considerable quantities from
ten different coal beds, vhich cre irom oldest to youn,est: Lower
Hertshorne, Upper Hertshorne, lici.lester, Stisler, Cavanal, Lowver Witte-
ville, Upper ..itteville, senryetta, Brokem arrow, cnd Dawsone Some of
the beds, such as the Lower Hartishorne cnd lic..lester coals, ere nown to
be of mineable thickness beaeeth hundreds of square milese Others, such
as the Henryetta and Cevanal cocls, are somewhat less extensive, cnd
still otliers, such as the Brokem .rrow and Dawson coals, ere zenerally

hin but are mineable near the surface in limited arecse Liost of the
coc.l produced from the Broken .rrow cnd Dawrson beds hes been mined from
open cuts, wherecs most of that produced from other beds s come from
undor round minese 4ll of these coal beds occur in rocks of Carboniferous
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(Pennsylvenian) ages In the southern and extreme eastern part of the
Oklohoma coal field, the strata have been folded rather intensely; so
thet at most places coal ncar the surfoce dips 20 degrees or more, and
gently dipping coel generelly lies o thousand feet or more beneath the
surfcces In the northern part of Oklahoma the rocks are less folded and
the Henryetta, Broken Arrovi, and Dewson cnal beds are nearly horizontal.

Lkiuch of the coal produced in the Trinity tributery region of
Oklahoma is used in steam power plents, for minor industrial purposes,
end for the heating of buildingse The majority of the railroeds now use
diesel engines for mejor hauls, with the result that coel-burning engines
are used only for switching and on branch liness Coal from the eastern
part of the Oklahoma field wes coked in consideresble quantities about
1900, but the only recent use of these coals for coking hes been in
steel plants in Texas that heve been opereted principally es wer industrie.
liost of the coal of ecstern Oklehoma is suitable for coking, particulerly
if the verious coals are properly blendede Both fuel o0il and natural gas
are abundent in this area end have supplented coel in placese In most
industries, except such specielized ones &s glass manufacture, coecl is
e satisfactory fuel and the existence of adequate coal resources ecssures
& supply of fuels in case petroleum ané naturel ges resources diminish

greatlye

The resorves of bituminous coal in Oklahoma were estimated at
54,755,853,000 net tons, &s of 1937. Production and mining losses since
that time, and deduction of the amount of cocl in areas outside the
Trinity tributery area would still leave more than 50 billion tons of
unmined bituminous cocl within the Irinity tributary area in Oklohomae

Thore were 98 mines in Oklahoma, from each of vhich more than
1,000 tons of coal was produced in 1942, and there were 66 wogon mines
1dth a production of less thon 1,000 tons ecche Eleven of the mines with
more then 1,000-ton production werc strip mines thct produced 1,100,800
tons of coal, employed 423 men, and worked an cverage of 231 deys during
the yeare The production of bituminous cocl in Oklohoma from 1934 through
1943 is given in the following tcblee The production from Crau; County
vhich is outside the tributery area is includeds

411 date from publications of the United States Burecu of liines

Year * Net Tons Value
1935 1,229,000 2,879,000
1936 1,540,000 -
1937 1,600,000 -
1938 1,245,000 o——
1939 1,188,000 2,507,000
1940 1,646,000 4,016,000
1941 1,771,000 4,693,000
1942 2,307,000 6,779,000
1943 2,838,000 8,968,000
194¢ 8,209,000 -
Total 17,653,000
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FATURAL GAS
R. L. Niller, United States Geological Survey

Natural gas in the broad sense is any naturally occurring gas
that is present beneath the surface of the ground. In normal usage, how-
ever, natural gas is restricted to naturally occurring inflammable gases
consisting principally of hydrocarbons and occurring beneath the surface
of the ground. lost natural gas is made up of a mixture of pure gases,
principally methane (CHs), ethane (C2Hg), propane (CzHg), and butane
(C4H10), with minor amounts of nitrogen, carbon dioxide, and oxygen. Helium
occurs as a minor constituent of natural gas in some areas,

Frtural gas is inflammable, is usually lighter than air, is color
less, generally has a slight, sweet odor, and generally is under consider-
able pressure underground, Vhen impurities are present in considerable
amount, these properties may change. If hydrogen sulfide is present in
anpreciable quantities, the gas is called "sour gas" and is unsatisfactory
for many uses unless the hydrogen sulfide is removed., Gases containing a
relatively small proportion of gasoline vapors are termed dry gases and
those with relatively large amounts are wet gases, Wet gases are commonly
associated with oil underground, though the two may not be nroduced from
the same well, Gas which is collected and utilized from a producing oil
well is known as "casing-head" gas. The extraction of natural gasoline
and other liquid hydrocarbons by collecting the vepors from "casing-head"
gas is an imvortant by-product of the oil production in some oil fields,

In many parts of the country vast quantities of natural gas
have been allowed to escape into the atmosphere because oil was the only
product sought by well drillers. The gas accompanying the oil in the
reservoir vas only considered desirable insofar as it assisted in bringing
the oil to the surface. Some gas wells have been allowed to blow free
for years, not only wasting a highly valuable fuel, but also lowering the
reservoir pressure and the ultimate recovery of oil from the reservoir.
Laws have been passed in many states, however, forbidding or restricting
this practice., In addition many nipelines have been built in recent years
to convey natural gas from the nroducing fields to the markets, The
search for sources of natural gas now nroceeds hand in hand with the
search for oil, and annual production and consumption of natural gas is
still on the increase.

Naturel gas is used almost entirely for heating purposes, both
in industry and for domestic use, It constitutes one of the most satis-
factory fuels because of the cleanness, efficiency and convenience of its
use, and it is superior to manufactured gas because of its higher heating
value, Natural gas is becoming more and more popular in the heating of
homes with the result that consumption of gas shows a strong fluctuation
between the summer and winter months,

In addition to its use as a fuel, natural gas is also utilized
in the manufacture of carbon black. The flame from a gas jet is throm
against a chilled surface on which the carbon collects and from which it
is removed at neriodic intervals, Natural gas is also used in the manu-
facture of some orgenic chemicals such as plastics, end great exnansion
‘mey be expected in this industry as additional methods of breaking down
“and-recombining the constituents of the gases are developed. Some natural



gas contains sufficient percentages of helium to be valuable in the pro-
duction of that rare and strategic element, Carbonedioxide gas from wells
has been used in the manufacture of dry ice, but no important carbon-
dioxide wells are present in the Trinity River area,

7 Natural gas is transnorted almost entirely by pipeline, although
butané gas for use in isolated homes is transported in pressure cylinders
by truck. It may be used directly as it comes from the »ipes, or it may
be stored for short periods of time in large cylindrical tanks from which
it is distributed by numerous small pipes to local consumsrs, The usual
practice is to control the flow of gas from the wells to conform to the
demand, Vhere gas is collected as a by-product of oil production, this
cannot be done, however, and gas in excess of the immediate demand must
either be stored or wasted, Storage above ground in large quantities is
prohibitively expensive; so that in some fields the gas is pumped back
into the underground reservoir from which it came, It thus helps to main-
tain reservoir pressure, and is also available for Iuture use as needed.
In places gas has also been stored underground in exhausved reservoirs,
to be withdrawn at a later date. Thus the seasonal variations in natural
gas consumnption can be met, by storing excess gas produced during the
sumer months and withdrawing it during the winter months when demand
exceeds supply.

Matural gasoline and other liquid hydrocarbons are normally
collected from "casing-head gas" or wet gas near the sites of the wells,
Transvortation of these liquids to markets is then by pipeline, tank car
or tank ship. lhere the haulage to waterways connecting with the ocean
is not excessively long, ocean-going tankers normally afford the cheapest
means of transportation to distant coastal markets,

learness to markets vmas for many years the chief factor in
determining whether natural gas would be utilized when found. In recent
years, however, longer and longer pipelines have been built to carry
natural ges to larger citiecs amd to other industrial areas. A network of
gas nipelines now crisscrosses the southwest, midwest and northeast parts
of the country and some nipelines have been built in other sections., llew
England, the south Atlantic coastal region, the Pacific Northwest, and
Fevada are the only large areas of the country which as yet have no natural
gas vnipelines,

Yatural gas occurs abundantly in the Trinity River tributary
area, especially in north-central and northwest Texas and central and
eastern Oklahoma (Fig, 4). It is found in commercial quantities, prine
cipally in rocks of Pennsylvanian, Permian, Cretaceous and Tertiary age,
but has also been found in older rocks. Aloug the Gulf Coast it occurs
in salt domes, and further inland it has been trapped in folded and
faulted structures and in stratigraphic traps.

- The Amarillo gas field in the Panhendle of Texas is the largest
gas field in the world., A considerable part of the gas is, however, sour
and has not been utilized, The gas occurs in rocks of Permian age along
a broad east-west trending arch. Other important gas fields are the Car-
- thage field in Panola County, Texas, where the gas occurs in Lower Creta-

ceous rocks, and the fields of the Arkansas Valley of east-central Okla-
homa, where the gas occurs in Pennsylvanian rocks. In the Carthage field



the gas is of the wet type; whereas in the Arkensas Valley fields the

. ges is dryr, end no oil is found with it, nor does oil occur in other
stratigraphic horizons in the region. I'umerous other gas fields are
found in almost all parts of the Trinity River tributary area, but they
are most abundant in central Oklahoma and north-central and central Texas.
Some of the gas has oil associated with it end some is of the dry type.

The reserves of natural gas in the Trinity River area are large,
but figures for gas reserves are not as meaningful as with petroleum
because some of the res which is produced in the future will continue to
be wasted, and much of it will be used in renressuring oil reservoirs to
increese the production of oil rather than being utilized directly., The
Petroleum AdminiStration for War estimates the nroved reserves of natural
gas in Texas on January 1, 1945 to be 64 trillion cubic feet, and in Okla-
homa to be 6 trillion cubic feet. About half of the Texas reserves lie
in the Trinity River tributary basin, with the Amarillo field in the Pan-
handle region accounting for the major share., Almost all of the proved
Oklahoma reserves are within the Trinity tributary area.

With natural gas, es with oil, the nroducing companies are
extremely numerous and include most of the major oil and gas companies of
the country end many of the smaller ones., Production figures of marketed
ras for the states of Oklochoma and Texas for 1934 to 1943 are given below.
Almost all of the Oklahome production comes from the Trinity River tribu-
tery area, but only about half of the Texas nroduction is within the
Trinity area., TIigurcs are piven in millions of cubic feet.

Oklahoma Texas
1934 254,457 602,976
1935 274,313 642,366
1936 200,481 734,561
1937 296,260 £54,561
1938 263,164 £82,473
1939 250,875 979,427
1940 257,626 1,063,538
1941 234,054 1,086,312
1942 . 269,704 1,170,345
1943 285,045 1,323,885

The table shows that production and marketing of gas in Oklahoma
has been relatively stable over the 10-year veriods vhereas the production
from Texas has shown a steady increase with the volume marketed in 1943,
being slightly more than twice that of the 1934 volume. This has been due
in part to the building of many new pipelines in Texes to tap older fields
whose gas had not previously been utilized, and pertly to the discovery
of more new fields with larger pgas production in Texas than in Oklahoma.

Production of resoline and other associated liquid hydrocarbons
from natural gas also increased steadily in Texas over the 10-yecr period
1934-1943, but in Oklahoma & peak was reached in 1937, and there has been
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a merked decline since that time. The nroduction figures in thousands
of gallons for the two states orc given below.

Oklahoma Texas
1934 355,438 466,570
19356 379,913 516,748
1936 418,591 520,547
1937 492,290 615,281
1938 468,499 685,920
1939 436,123 770,047
1940 399,369 932,040
1941 362,247 1,180,221
1942 336,707 1,207,901
1943 307,384 1,192,526

A list of the companies producing carbon biack in the Trinity
River tributary area is given in the following table, llost of the nlants
are located in the Panhandle district of Texas:

ame of Commany County State

Cabot Carbon Co. Texas Oklahoma
Ceneral Atlas Carbon Div. of

General Properties Co., Inc. Texas u
Charles Eneu Johnson & Co. Pontotoc .
United Carbon Co. Beckham i
Cebot Carbon Co. Carson, Gray, Texas

and [lutchinson
Carbon Blacks, Inc, Gray "
Coltexo Corporation Gray "
Columbian Carbon Co., Carson, Gray, "
Ilutchinson, Moore

Columbian-Phillips Co. loore »
Combined Carbon Co,. Futchinson 2
Continental Carbon Co. loore =
Crescent Carbon Co, Hutchinson -
Crowvm Carbon Co. loore “
General Atlas Carbon Div, of

General Pronerties, Co., Inc. Gray "
J. 1% Huber Cornoration Hutchinson "
loore County Carbon Co. lloore “
Panhandle Carbon Co, Tutchinson .
Peerless Carbon Black Co. Gray N
Texas T1f Carbon Co. Cray, Stephens "
United Cardon Co, Ilutchinson, licore "

liost of the carbon black produced from natural gas in the Trinity
River tributary area comes from the Amarillo gas field in the Panhandle
of Texas, and two of the three Oklahoma counties in which carbon black
plants are located are adjacent to the Texas Panhandle. The production
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of carbon black from natrual gas in Oklahoma and Texas, 1934-1943, is
shown in the following table, [ijures are in thousands of pounds,

“UkTahoma Texas
1934 262,290 1
1935 287,847
1936 18,238 ;/ 333,906
1937 23,157 3/ 421,068
1938 20,401 3/ -417,104
1939 20,256 %7 453,174 .
1940 33,287 &/ 479,895
1941 480,212
1942 24,318 434,889
1943 31,411 407,345

Includes Cklahoma and liyoming production.
Includes Y'voming production.

Includes lVyoming and Kansas production,
Includes Iansas production,

SSSH

Bibliography.

o)
L]

Geologr of natural gas, a s;mrosium: Azerican Association of Petro-
leum Geologists, 1935,

2, 0il and gas field development in the United States: Ifational 0il
Scouts a.d Landmen Association, Yearbool:s 1634-1943,

3. 0il and zas fields of the United States (lap): U. S. Geological
Survey, 1943,

4, Illineral location map of Texas: Bur. Zco., Geol, Univ, of Texas, Publie-
cation 4301, 1945 (In nress).

5. linerals of Oklahoma (l'ap): Okla, Geol, Survey, 1944,

6. Petroleum development and technology: American Institute of llining
and l'etallurgical Engineers (Petroleum Division), 1944,

7. Yarner, C. A., Texas oil and gas since 1543: Gulf Publishing Co.,
1939,

8. Diehl, J. C., Natural gas handbook: Metric l'etal Works, 1927.

9, LClements of the petroleum industry: American Institute of lining
and l'etallurgical Engineers, 1940,



PETROLEUM

Te Ao Hendricks, United Statos Geologicel Survey

Petroleum is en inflammable oily mixture of neturel hydrocarbone
In generel petroleum is divided into two types: those with e high ratio
of hydrozen to carbon wvhich are classed as heving a perafiin base, and
those with a lower ratio of hiydrogen ©To carbon wiiich are classed as have
iag an aspheltic bases

Petroleum varies greatly in exact composition from dark heavy
oils with few voletile coustituents to green «ad amber light oils cousist-
ing wmainly of easily volatile constitueiitse The density of petroleum
is _enerelly expressad as its Daume or .ePele [ravitye As petroleum
occurs underzround it is almost inveriebly associated 1ith hydrocarben
gesess “hen the petroleum is brou ht To the surface the gaseous constite
uents leave the liquid and ccrry some of the li_hter liquid constituents
vrith theme The liquid fraction that can be recovered from the _cses is
generally called "casin heed  asoline".

Films of iron oxide end other inorganic materials on water cre
often confused with petroleum, but are ezsily cistinguishable because
they are insoluble in chloroform, carbon tetrachloride end other standard
solvents for or_anic compoundse

Petroleum is used principally as e raw meterial for the pro=-
duction of _asoline, kerosene, diesel oil, lubriceting oil, fuel oil,
asphalt, tnd orgauic chemiccls {or mecdical use, use in paints end vor-
nisiies, and in making synthetic rubbers Aspheltic crude oils ;enerally
yield _esoline vith a hi_ h octane reting end low volatility on distilla-
tion, with the reverse being true of gasolines from parafiinic crude oils.
Refinery »rectice can, however, ve cdjusted to control the nature of the
gesoline from most crude oilse ilighly narefiinic oils yield kerosene of
hich quality, whereas the reverse is true of lerosene fractions from
espheltic crude oilse Diescl oil {ractions from the more peraffinic
crude oilsy as they become higher in boiling range, are vax-conteining,
so thet their inclusion into diesel o0il is limited beceuse they recduce
the Tendency of the oil to ilowe Paraliinic crude oils jenerally yield
oood lubricating oils but generally require dewaxing or solvent extractior
to remove napthenic ircctionse Improvements in processing have greetly
increased the ren;e of crude oils suitable for the production of high
quality lubricants. Fluidity is the most esscntiel quality of fuel oil,
vhich is e residue or mixiure of residues from distillation or crocking
of crude oile The streight run residues of aspheltic crudes are generally
more fluid than those of parafiinic crudese. isphalt, as vould be expectec
is produced from the crude oils vith an easphalt basee

Petroleum is producec elmost entirely from underground reser-
voirs by drillings 'hen oil-bearing strate ere penétreted by a drill
hole the oil flows to the surfcce if it is under considerable pressure
underground or requires punping if the pressure 'is lowe .fter a field
hes been in production for some time the pressure jenerelly declines and
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wells that flowed originally may roquire pumpinge When an oil field
neers its final production much oil is still wndergrounds Repressuring
of oil fields by pumping excess zas or water back underground serves

to maintein pressure and to increase the total recovery of oil from the
fielde Some petroleum is produced from oilesaturated rocks and from oil
shele, particularly in Europe where domestic supplics of liquid petroleum
arec smalle

Petroleum is refined after it is brought to the surface. Dis-
tillation constitutes the principal part of refining, and the principal
equipment is & "pipe still" or "tubular still". These are stills in
which the heating of the oil is done in tubes instecd of tankse The
tubes are arranged in a furnace in e manner to provide maximum efiiciency
of heating and heat transfer between crude oil being heated end distilla-
tion products bein; cooled and also to provide proper ratio of rise in
temperatures The principles are the same for (1) simple distillation,
usually called "skimming" or "topping"; (2) vacuum distillation at sub=-
normal distilling temgeratures to evoid demezing the distillates, as for
lubriceting oils; and (3) distillation under high temperatures and pres-
sures to accomplish destructive distillation or "cracking" in the meking
of gasoline from heavier by=products of crude oile Catalysts, substances
thet promote and accelerate chemical recctions between other substances
vithout being affected themselves, are used extensively in refining
processese This is particularly true in hydrogenation end polymerization.
Hycrogenetion is a combination of cracking with the introduction of
hydrozen to be added to the compounds producedes Polymerization is a
process combinin; molecules of one or more compounds to produce & com=
pound thet is more desiredes In jeneral it is used to produce liquids
from simple hydrocerbon gasess. Excess of sulfur in crude oil is trouble-
some end requires special technique in the refining process. Vaxes are
elso ramoved in the preparetion of lubriceting oils by one of several
methods such as: (1§ passing the oil through filter presses, (2) chille
ing e solution of the oil in naphtha to 20° to 40° F. below the desired
congealing temperature of the finished oil end separating the wax in high
speed centrifuges; (3) processes similer to solution in naphtha but using
other solventse.

Petroleum and petroleum products are trensported by three gen=
eral methods: pipalines, tenk cars and tankers or tank shipse In 1941,
there were in service in the United States more than 125,000 miles of
petroleum pipe lines; over 2,000 tank ships vith a _ross tonneze of more
then 3:; million tons end = cergo cepacity of more than 42 million berrels;
more then 165,000 reilroad tank cars; and a sufficient number of tank
trucks to transport more tiwn half as much petroleum as the pipe lines,
with trensportation computed on & ton-mile basise “.artime conditions
heve neturally changed the conditions of petroleum trensporte’ .on materi-
elly end further chan,es cen be expected in the post-war periode lihere
the jeo,rephy permits, transportetion by tenk ships is generally the
lowest cost methode

There are numerous petroleum refineries in the Trinity tribu-
tary area and the Trinity dreinage basin, es most petroleum is refined
comparatively close to the pleaces of production end the refined products
shippede Some crude oil is, however, trensported outside the area for
refininge The refineries in this region renge from simple casinghead



sasoline plants to complete rofinerios capable of preparing eny type of
petroleum productse In eaddition there aroe innumerable vholescle and
retail distribution z2goncies for petroleum productse In all phases of
ths petroleum industry, including production, refining, trensportation,
end distribution, there arc opportunitiocs for now business dovelopments
vith capitel requircments reijing from e fow thousend dollars to soveral
million dollarse

Geographically, potroleum occurs in almost all parts of the
Trinity River bcsin and tributery arce. except extremo cestorn Oklahome
(fige 4)e Goolo_ically, it occurs under a wide ran; e of conditions. It
is producod from rocls of 2ll agos from Cambrien to Tertiary oxcopt
Triessic and Jurassic and irom overy knovn type of structurcl or stratie
irophic troap o.cept upturncd beds adjacent to igneous intrusionse Ilow-
cver, it should be pointod out thet, in spito of the uide googrophic cnd
gcologic renje in the occurrence of potroleum in this rogion, meny aroas
thet arc structurally fcovorable heve been drillod and have failed to
yoild potroloum from rocks tlict are productive in other arccse The
secrch for nev oil fields in this region is conducted continuously by
meny oil companies with lerge stofli's of technical personnel, and although
& number of ne fields or extensions of old fields cre discoverod eech
year, many other apparently {avorcble ereecs are drilled without success.
“.ells ere being drilled to incre:sing ly _reeter deptiis and the effort
and cost reguired to discover ond develop new fields is increasinge

The distribution of the nrincipel oil fields of the Trinity
tributary area, the Trinity Basin, and the aree subject to periodic
flcod are shown on fige 4¢ In generel, it may be stated that compara-
tively feow fields are situated in lhe upper part of the Trinity basin,

e considereble number ere situated in the lower part of the besin, most
of vhich lie within arees subject to periodic flood, and thet the tribu-
tery aree is one of the richest petroleum regions of the vorlds

Proved reserves of petroleum in the Trinity River tributary
arez vere estimeted on Januery 1, 1945, to bé 5,618,519,000 barrels. Of
this, nearly half is concentrated in the Iast Texas oil fielde Oklahoma
accounts for somevhat over one billion barrels and the remainder is
scattsrcd over e large aree of Texese The reserves of the Trinity trie
butary erea constitute 27 percent of the proved reserves of the entire
United Stetese The discovery of new fields, the extension of lmowvm
fields, the discovery of new producing horizons in knovn fields, and
the upwerd revision of previous estimetes of reserves combine to add
substantial quentities of petroleum to the proved reserves annually, but
in recent years there has been = marked decline in the ratio of new
reserves to annual productione The proved reserves of the state of Texas
heve increesed et en average rate of 100,000,000 berrels per year from
1941 to 1945 but over the samec period Oklahoma's proved reserves heve
declined slightlye The time hes epparently passed wien the discovery of
new sources of oil in the Trinity River crce can be counted on to far
exceed the depletion of the lmown supplye

Lost of the mejor oil companies of the United States end num-
erous smaller ones are iacluded in the list of producers from the Trinity
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River areas Annual production figures for Oklahome and for the part of
Texas included in the Trinity River tributary area are piven in the table
bolowe &ll of Oklahoma's productiom lies within the Trinity tributary
arca except a relatively insignificant amount in Nowatea, Rogers, and
“Yeshington Counties in the northeestern corner of the states In 1944
this. totalled only 3.6 percent of Oklehoma's productions The production
of oil from the Trinity tributery arca in 1944 was 17 percent of the
production for the entirc United Stetes.

fnnual Production of Petroleum in Oklahoma and in the part of Texas
tributary to the Trinity River in thousands of barrels, 1534-1943

Trinity tributary

Year Oklahoma aree of Texas
1934 178,652 263,040
1935 132,597 261,265
1936 200,881 268,862
1937 . 223,107 293,109
1538 169,307 262,000
1939 152,400 256,488
1940 149,629 258,492
1941 153,167 250,631
1942 137,792 247,347
1943 120,559 272,571
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laxyr meaufaeguring nrocesses arc Ltsed on thu usc of abrasives-in
cutting, sawing, grinding, and opolishing, Lcnce may diverso abrrsives,
sonc notural and somo artificinl, arc in asc teday, Thc natural
cbresives ronpge from dirmond, tho hardest, down to such soft ond mild
metorinls as ohelk, which is uscd for nolishing,

Natural abrasives cro lmovn to occur in the Trinity River
tributary arca, but thoir verioty is smnll ~nd thcy comprisc mostly
choop motcrials obtainablo in 1orge quentitics -nd not restricted in
their gcopgronhic distribution, Grinding nobblos, dictomite,  sangd ond
snndstonc, vole~nic ash, ~nd nulvcrulent limostonc rnd chalk millstono
and novnculito occur in thc aroce,

\

Grinding Pecbbles

Grinrdi ng ncbbles ~nro podbles of hard siliccous material,
usually flint or chort, Flint or chort is silie~ (3i02) with minor’
impuritios, tho silica boing in the form of the mincral chaleocodony,
Chalcodony is mado un of microscopic ond closcly onacked fibors that
build up thc flint roclk. This microscopic structurc is rosponsible
for tho toughnoss of tho flint nnd givcs it its strongth ond cohoroneco,
s.lthough thc minoral quartz hos the samc composition (8i02) and hardnoss
(Mohs scalc, 7) =8 chalcodony it lacks the microscopioclly fibrous
structurc of chalsedony, Thercforc, quartz —cbblos do not hove the samo
toughnoss nnd cohorence os flint pobbles, Boctrusc silica is o chome.
ically incrt substance flint mnkes dosireblc grinding ncbbles, sinco in
the grinding nrocoss thc pcbbleos do not contaminate tho materinl boing
ground, ;

Grinding ncbbles =arc used in poreclein or flint-lined mills
for the grinding of mineral substarmcos, Stcel balls arc uscd 2lso and
have rcplacod the once widely uscd flint pcbblos in mony ordinary
grinding opcrntions, [Lowtcver, stcol balls ndd cnnrececiableo quantitios
of iron to thc g™und mincrnl, Iicncc thoy c-n be uscd only vhore iron
contamination is not objcetionable, for instonec, in grinding orcs nnd
portland ccmcent mntcrials, Flint pcbbles nrc uscd in prefcronce te steol
balls where iron contamination is objcetionablc, for instanec, in the
grinding of ccramic matoricsls usod in the mnking of poreclain, china, and
pottery, In 1941 and 1943 inclusive, 2 yonrly avoragoe of 13,766 short
tons of grinding nobblcs, domostic or importod, wes uscd in the United
Strtessy tho rwerege valuo of this tonnage wns 218,913,

In poncotime monyr f1lint pobblos sre importod from Dommark and
Franco, Ina thosc coumtries the Upper Crotaccous chalk forms high cliffs
along the sca, whorc tho crosive notion of the surf brocks down the chala
rock and fro.s thc oncloscd flint concrotions, Viavo notion rolls thoso
flinth ghowt, clenning and ronding Mo in the peoooes, The cloan
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nebbles are picked up by hand on ‘he beach, Hence no machinery is needed
and transportztion to coastal shinping points is very short. Eseentially,
wave action does the mining and nrocessing of the pebbles, .

i In Texas, wartime demends hove resvlted in the development of
local flint nebble resources which are found in stream gravel deposits,
Yost of these deposits are ancient and the flints have a weathered surface
skin, Such flint pebbles if used directly without processing would wear:
ranidly at first until the weathered surface skin is rubbed off, To
produce milled flint nebbles, that is, nebbles without soft surface skin,
one nrocessing plant tumbles the raw material wet in a conical flint.
lined »ebble mill until the nebbles are clean and rounded, This milling:
removes the soft surface skin and sorts out weak pebbles or those that
crack under imnact, The pebbles pass over a sorting belt where brokemn
pebbles and foreign material are removed by hand, Raw nebbles are
obtained from larpe stock niles of material screcned to size, Another
plant processes the pebbles dry in a granite-lined cylinder mill which
holds a charge of 5 tons, A _collector is used to draw off dust and fine -
. fragments, Aftcr e run of 33 hours the nobbles ngss over a scroen de-
signed to remove flat neblles and are then hand-sorted on a moving belt,
The raw material is obtained from oversize material stock-niled from
local gravel ovwerations by handepicking on a belt,

It will be noted tlat these domestic operations require cone-
sidorable processirg by machines, Therefore, they are more exnensive
than the sim~le European gathering methods and f,0.b. prices of domestic
nebbles are hirher then for foreign pebbles, However, locelly produced
nebbles do not have to be shinped by rail from the coast to local inland
uscrse

Occurrence of pgrinding nebbles in the Trinity River tributary aree

Grinding nebbles ocour in the gravel deposits of the major
strecam valleys, Some of the groavel denosits are ancient river terraces
flanking thc stream channcl at various clevations above the flood plain,
Others are gravel bars in the stream chennel, The gravel deposits in
the stroam channecls are usually comnosed of a mixture of all the types
of resistant rocks crossed by the streams and are not purcly flint
gravels, In such deposits matcrial found a short distance u»stream pre=
dominates over that derived from rreater distances, In the older terrace
weathering has boen in nrogress for some time and rock types subject to
weathering have becen sradually oliminated, leaving the more weather=
resistant tmes somcwhet concentrated, In such terrace gravels flint
predominatos, The size of the rravel decrcascs dowmstroam in all deposit
hence, only the deposits in the upper reaches of the strcams havo e
gravel size large enough for use as grinding pebbles, Gravel denosits of
the Trinity River tributery prea are described in the chapter on sand and
gravel,

Reserves

Due to the mumber of gravel deposits in the Trinity River
tributary arca the reserves of pecbblcs of possible usc as grinding



53.

pebbles arc very large, LDowover, in many cases sclection of suitabdlo
metoriel mey be bisot with difficultics on account of the admixturc of
sof'tor matorinl in the gravel,

Iroduction
Thero is no production of rrinding nubbles in tho Trinity

tributary arca, Toxcs »roducers nare located in Scn intonio, Austin,
and Columbus, Toxas,

Grinding pobblas : producod in tho Unitod Statos

Year Short.tons Value

1941 - 13,561 & 221,826

1942 15,467 245,794

1943 9,924 157, 778

1944 8,012 172,418
Diztomito

Dintomitc, clso ¥knovn rs dintomaccous carth, infusoriel -
carth, and kicsclpuhr, is a light, carthr, scdimentary rock composcd of
the microscovic skolctons of acquatic a}gac, the so-called dintoms,
Thosc microscopic swletons ~rc highly ornemont ed frogilo, hollow,
box=-1liko, ~nd comnoscd of silice (SiOz). Mo lcss than 40,000,000
skolotons of dintoms orc nccessary to form one cubic inch of distomito,
Dintomitc is highly porous r~nd cbsorbent end is'c very lisht weoight
(15 to 40 1bs, ncr cubic foot) scdimentsry rock, usurlly whitish in
color, It is 2 cheomieally incrt ond has fincnoss and uniformity of
groin size, It can be identificd undcr the microscope by the charace
toristic alpnl skclotons,

Diatomitc has a v.ry rront number of uscs, most of which cre
nonebrasiwe, Tho »rincipnl noncbrasive usos erc as filler in synthotic
nlastics, rubber compounds, in insulating meatericls, in filtering,
in ligcht weirht conercto crercgates, and cs chickon litters The use
of diatomitc in symthetic plastics is comparatively now cnd appears
to bc incrcesing, Tho mot.ricl mixes rceadily with pleastic compos-
itions, and thc mixturc cnn be molded satisfactorily, Its high rcsis-
tancc to hgat, chemiczl inertnoss, low moisturc absorption, cxccllent
;10ctrieﬂ6¥%§g}% 38F-nd surfaco finish choractoristics moko it suit-
eblo as = filler for mony products, including battory boxes, clcct-
rical ports, ond phonograph ricords, which roquirc o durablc surfaco
finish, Insulating motcricls composcé in part of diatomito cre uscd
for hout and sound insulation, Filtcrs containing diatomito arc uscd
in papor pulp manufacturc, for cyrnido prceipitete, ond othor pro-
cosscs, Dintomitc is used to minor cxtent os « mild abrasive in motal,
glass, furnituro, cnamcl, cnd othcr polishes, in scouring ond cloans-
ing sorps, in dentifriccs, cnd in nail polishing nowdors, Jprroxi=
matoly onc-half of the diatomitc production is uscd for filtretion,
onc-quartcr for insulation, and oncesixth for fillcrs, cnd the ro-
ni ndor for othcr usos including abrasives,
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Diatomite prices ner ton in 1943 were (on f.0.b, mill, Nevada,
tesis): crude in bulk, dried §7.00 nominal; S8 to 100 mesh, $20,00;
lov temmerature insulestion, $19.00; high temnerature insulation, $30.00;
dietomite for fine abrasives was quoted at 2 cents »er nound,

Occurrence of diatonite in the Trinit: River Tributary area

Diatomite occurs in several widely semarated localities in the
Iiph Pleins in Armstrong, Crosby, Dickens, and Lartloy Counties, Texas,

In Armstrong County devosits are knowvn in lulberry Canyon,
Te4 miles southwest of Goodnight, The dencsits extend fcr at least 2
miles, are from less than 2 to 7 feet thicly, and averare about 4 feet,
The diatomite lies between or below soft sands end fresh-watie limee
stones,

In Crosby County denosits occur in two horizons about 25 and
42 feet above the base of the Blanco beds, 10 miles nortk of Crosbyton.
The diatomite beds are un to 6 fect thiek and lenticular, Overburden
is un to 20 feet thick fcr the umner bed and up to 40 feet for the lower
bed, Asscciated beds consist of calcareous sands and clays,

In Dickens County diatomite, in two beds, occurs about 4 miles
north of old Dockum. The heds sre renorted to be 3 to 4 feet thick and
the overburden 6 to 12 feet resnectively.

In llartley County dirtomite is found 3{ niles southeast of
Channing, The diatomite is 3 to 3,8 feet thick #nd has at least 10%
feet overburden, It contains about 20 percent CaO,

No diatomite denosits of imnortance are kncvm in Oklahoma,

Resbrves of diatomite

. e e o h————

Detailed estimates of the reserves available in the Eirh Plains
are not given by Ivans (7)., Iowever, it is annarent thet only srell
quantities are recoverable from the denosits so far discovered,
Product{g&

Diatomite is not being nroduced in Texas,

Diatomite‘zsggpction in the United States

Period Shq;t tons "Value

1933=35 T244,342 4 3,618,428
1936=3¢ 279,645 4,377,353
193941 360,502 5,746,216

194244 524,872 9,894,534
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Abrasive Sand and Sendstone

Sand and sandstone used for abrasives are composed of nearly
pure quartz sand, and their abrasive qualities are derived from the
mineral quartz, This mineral is hard (lohs scale, 7), fractures irreg-
ularly with a nearly conchoidal or uneven spintery fracture nroducing
sharp edpes and noints, ond is comnosed of silica (Si02), which is cheme
ically inert,

Sand and sandstone are used in two forms for abrasive purnoses:
as crushed sand and sandstone and as uncrushed sand, The latter is used
extensively in sawing and rubbing of such buvilding stones as cranite,
limestone, marble, slate, and soapstone, in removing surface irregular- -
ities in crude-rolled ~late rlass before ;rinding, and for send blasting,
The demand for this tvpe of pgrinding or -olishing sand denends largely
on activity in the dimension-stone and plate-gless industries, Thus in .
1929, 1,636,464 short tons were used in the United States; in 1932% only
419,691 tons, in 1935, 816,540 short tons; in 1938,0only 502,328 short tons,
in 1941 1,001,814, and in 1943 only 837,662 short tons, The average 5
value in 1943 vas §1.71 per short ton, This value compares as follows
with averare values of sand used in other industries: glass, $1.86; -
molding, $1.36; building $0,60; paving, $0.61; fire or furnace, $..37;
engine, $0,69; filter, §1.63; and railroad ballast, $0,31,

Occurrence of abrasive sand and sandstone in the Trinity River tributary
area

The mair occurrences of send end sandstome in the Trinity River
tributary area have been taken up in other chanters. However, a nar-
ticular variety known as "rice sand" has received some development and
may heve future nossibilites. Rice sand denosits are coarse-grained
quartz sands occurring in lenticular bodies near the base of the Catahoula
formetion, Sevcral of these denosits were described end studied by
Shafer (20). Among them eare the following:

(1) Chita de-osit, 12 miles south of Groveton, Trinity County
(23 Chester denosit, 10 miles north of Chester, Tyler County
(8) Harmon Creek ceposit, 2 miles southwest of Riverside,
Vialker County
(4) Texas Silice Send Commany devwosit, 5 miles east of Corripan
Polk County

The last deposit has been worked-far several vears and the
product used as a water filter and as blast sand, The sands are also
suited for molding sands,

There is no record of abrasive sand having been produced in
Oklahoma in the last 10 years, although possibly some of the river sand
denosits misht be suitable for this purpose,
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Reserves of abrasive.sand and sandstone

Althouch accurate figures for the reserves of such sand bodies
as the rice sands are not available, it seems evident from their geologic
occurrence that the sunnly is largo.

Companies nrodueing sand used as abrasive

Texas Silica Sand Company, Fouston, Texas, Pits in Polk
County, Texas,

Volcanic Ash

Volcanic ash or numicite is 2 sedimentary rock derived from
the ejcctamenta of volcanoes of the cxplosive typee The finer material,
or ash, is often carried long distances by the wind and falls to earth
in the form of microscopic prlassy narticles, These small fragments,
or shards, are natural volcanic gless derived from the lavas by the
bursting of the countless bubbles or vesicles formed by expanding gas
during eruntion, Ilence meny fragments are very sharp and concavely
.curved, The ebrasive qualities of the ash aro due to the shape and
hardness of the shards and the high porosity of the rock composed of
theme It has 2 gritty feel and does not adhere to t he fingers like
clay, '

Volecanic ash is uscd in cleansing and scouring comnounds,
abrasive hand soaps, metal “olishes, ecoustic nlaster, concrete mixturosy

absorbent or oiled road surfaccs, insulating materials, filtor cells,
and in fillers for paints, sweconing comnounds, and fortilizers,

The use of pumicite for abrusive nurnoscs cxnanded 17 nercent
in 1943 in the Urited itoates as compared with 1942 and accounted for
75 percent of total scoles, Conmsumption in the “uilding industries
dropnod dccisively an’ reflected the curtailment of nrivete construction
due to war time rostrictions, ¥ith the roturn of ncacc arnd the attendant
cxnccted increase in building, this trend is apt to be reversaed as
punicite berins to particinate in the now demand for light weight cone
crecte aggregate and insulating materiesls,

Ash dcposits acccssible to centers of population and industry

through cheap transportation facilities should becar some promisc of
profitablc dcvolomment,

Occurrenccs of volcanic ash in the Trinity River tributary arca

Toxas = }ost of thc knovm occurrcnces of wolcanic ash in the
tributary #rca in T:xes are confined to two gcologic provinces: (1) the
Jackson-Catahoula belt of outcrop of Tertiarv opo in the southeastcrn
nart of the area; and (2) thc continontal Cemozoic in the wostern and
northwestorn -arts,
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Some of the known ash donosits in thc Cotahoula bolt aro:

(1; An 8-foot bed at Chalk Dluff in northosstorn Polk County
(2) Near Corrigan in Polk County

(3) An B-foot bed just north of milcpost 16 on the I, & G, N,
reilroad, southorn Trinity County

(4) Exposuros on thitc Rock Crock oast of tho town of Trinity,
in Trinity County

(5) Deposits in northern ‘.alkor County

Doubtless othor cormicreinl donosits of volcenic ash mey be
found in the Catahoula strata in the area, In thc samc gonoral crea,
but a2 few milcs to the west, bods of Jockson oge outerop across Trinity
and Polk countics, Thosc beds 2lso contain streta of ash, but thimmer,
morc indurcted, end lcss purc than the ash beds of the Catahoula,

In the continontel Tertiary and Cenozoic rocks of thc westcrn
nert of the ~ren occurronccs have bcen ronorted €s follows and their
oge given as Pleistocene:

(1) Seoven localitics in ¢ 20=mile widc belt across Collingse
worth County (2). Thickness from 4 to 34 fect is rccorded, with but
littls overburder, end the ash is strted to be nearly »ure,

(2) A scven-foot bed on thc north side of Tule Ceanyon nt tho
Swrisher-Briscoc County line

(3) An cxtensive 10=-foot bed along Duck Creck southcast of
Spur, in Diclens County

(4) A 4-foot “od clong Soring Crock 4% to 5 milcs southwost
of 3wur, Dickcns County

(5) A 2~ to 15=foot dcoosit over an arce of 350 ccres 1 mile
from Skocn station in Lynn County

(6) £ denosit 1C focot thick along Duck Creek in Lient County

L Pliocenc dcmosit of volcanic ash is described by Recd and
Longnocker in lleiphill County (16), It is located in scection 58, block
£-2, south of thc¢ Cen~dien River in the northwestern part of the county
and consists of & 7-foot bcd estimated to contain 46, 500 cubic yards of
ash,

Othcr ash deonosits arc thousht to be nrosont in the Plioccne
beds of the »nlains arc , lfor thc nsh is o normal constitucnt of these
beds, ’

Oklehoma -  Volcanic r~sh derosits in the tributary arce in
Oklchome rrc cuitc cxtonsive, but most. of the larger denosits arc cona
centrated in the northwest, north-ccntral and cast-contrel narts of the -
stoatc, Dcposits of nossiblc ccononic grode and sizo are known in Blaine,
Custcr, Dowey, Ellis, Garficld, Garvin, Grant, Crcor, Iarvcr, Haskell,
Huphes, Ilny, Ningfisher, Okfuskcc, Rogcr 1ills, Weponcr, Washita, Woods,
ond Vloodward Countics, Lower grade ond smallcr denosits are found in
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Cotton, McIntosh, end Muskogcc Counties, Thc oxpct age of the ash’
doposits has not been cotormincd tut thoy appear to bc Mioccne or younger,

Production of voleanic csh in the Trinity Rivor tributary aroa

Only small beginnings have boen made in the development of the
volcanic ash dcposits in thc Texas nart of tho tributary croz, and nro-
duction strtisties arc not available., Ono nroduccr, Kelly Produwcts,
Lubbock, Texas, opcrating deposits in Dickons and Scurry Counties, is
crodited with o total nroduction in 1941=42 of 250 tons of unknown valuee

Produccrs in the Oklahoma nart of the tributary area in 1941
includc thc Muskogoc Silica Company with a quarry noar Tullahassce, the
Tulsa Earth Products Company which nlso operates a quorry in the same
locolity, ond the Sol I, Williem Company whioh opcrates o quarry noar
Dustin, Thc Muskogcec Siliean Company, “roducos a2sh uscd in topping
asphalt pevuments, the Tulsa Earth Products Company oroduces ash for use
in concrote admixturo and the Sol K, V/illiams Company produces ash used
in the manufacturc of cleansing mateorials,

Roserves of volcanic ash

The rcscrves of volconic ash in the Texas part of the area are’
cxtensive, but no cstimatos of thc total amount availeble have boen mnde,
Total roscrves in tho Oklahome part of the arca tre helieved to be in
cxcoss of 17,000,000 cubic ytrds, A number of individual deposits eoro
knovn containing more thon 1,000,000 cubic yards of volcanic ash,

Pulverulent Limostonc and Chalk

Pulvcrulent limestonc, pround limestone, cnd chelk are uscd in
minor quantitics as nolishing mnterials, Thosc rocks are veriotios of
limcstone, which is 2 scdimontcor' rock composed chicfly of tho s~ft
(Lohs scale, 3) minoral coleite (82C03)e Frcodom from grit is a requisitc
in thosc mateorials if thoy orc to bec uscd for polishing,

Thc quontities uscd cre smnll =nd the uses are in nolishing
cutlery, surgical instruments, and nlatcd warc, and in window cleaning
compounds, A usc importoant for the rcgion is =s polishing agent for rice,

Occurrence of pulvcrulent limcstonc ~nd cholk in the Trinity River
tributary arca

Pulvcrulent limestonc is knovm to occur in the Edwards forms -
etion of Williemson ~nd Bell Counties, Toxas, which are outsido of tho
tributary nres, It is possiblc that small dcposits. of this type occur
also in the Trinity Rivcr tributary arca in thc Edwards or Goodlond
formations, Dcnosits of this rock arc difficult to discover, bocausec
the meterial is soft and is usually covered by soil ond vogetation,

Chalk dcposits occur in the Trinity River tributary area in the
outorop belts of tho followins goologic formntions: Austin, Ector,
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Gober, Pecean Gan, and Coolcdgc. Thesc formations are part of the Upmer
Creteccous and arc widely distributed through northcostern Toxas from
the Rod Rivor to Limostonc cnd Falls Countios in tho south,

Vo tcsts of their possible use os polishing matoricls and no
attempt at oxploitction hove becn made so far,

1illstonos

According to V, L, Eardloy=iiilmot (6) "thc torm 'millstono?,
which indludcs thc truc burrstone ~nd thc chascr stonc, is somowhat
looscly nnplicd to includc circular stoncs rcvolved on 2 horizontal planc
as wcll «s thosc run on cdgc. Thoy may bc mado from cny hard and suit-
tblc rock varying from ¢ snndstonc, basnlt, gronitec to & quartz cop-
glomerateeses”

Forty or fifty wears ago thc production of millstormos of
various types wns-a modoratcly immortont industry, tut millstoncs aro
uscd to only ~ minor cxtcnt at the »rcsont timo, Rocks suitable for the
manufecturc of nillstoncs ~rc Tfound in the Trinity tributary arec in tho
Ounchite lountain region in Oklahomn, Rcgarding thosc rocks Honess (11)
statcs as follows: "Therc is no doubt whatcver, but that many of tho
fino grrincd quartzites ond quortzitic sandstoncs of the Stanloy (Ponne
sylvanian) and Jackfork (Ponnsvlvenicon) formations-would mcko cxccllont
nillstonos ~nd burrstoncs., So far as known to thoe writer thesc fer-
mations h~vc ncver beoun considercd of any valuc in this conncction,

The demend for millstoncs is not large, but it is possible that somotimo
there moy be o widor ficld of apnlication of this tyno of cbrasive and
it wcll to call attention to this nossiblc source of raw moterial,"

Hovaculite

Novaculitc is on . @ashonitic franulosc or cryptocrystalline
rock csscntially comnoscd of quartz, somctimes conttining othor forms of
silica ~nd generelly contnining access~ry feoldspar-and garnot,
Novaculite from the Ounchita iountnins region of Arkoansas has hod cone
sidorablc usc for thc monufrcturc of high quality whotstones :wnd oil-
stones, Fovoculitc, from the neighboring Ourchita Hountains area of
Oklchoma, is roportcd to be cquelly suiteble for this »urposo, but as far
as con be determinod the Oklahoma deposits have never becen exnloited on
a commericel basis,

The Oklahoma nov-culito occurs chicfly in comtral ieCurtain
County, Smaller exposurcs arc known in the Potato llills arca in south-
castern Letimor and northern Pushmotcha Countics eamd nenr Atoka and
Stringtomn in Atokn County, '
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BARITE

A. E. Vieissenborn, United States Geological Survey

Earite, barium sulphate, (BaSOs4), also known as barytes, baryta,
or heavy spar, is a heavy (sp. gr. 4.3-4,6) brittle mineral with a
pearly to vitreous luster and a hardness ranging from 2,5 to 3.5. It
crystallizes in the orthorhombic system and commonly is found in tabular
crrstals, Vhen nure, the color is white or gray, but barite may be tint-
ed various shades of blue, pink or yellow from impurities. Colorless,
trensparent crystals are sometimes found., 1Most of the barite mined in
the United States is obtained from residual deposits derived from the
weathering of barium-bearing rocks., Barite is also obtained from bedded
renlacement devosits in sedimentary rocks, from breccia deposits, mostly
in limestones and dolomites, or from veins in which barite is essentially
the orly mineral present. Darite is a common gangue mineral in many
metallilerous deposits, but in only rare instances has it been nroduced
comrercially from deposits of this type.

According to the United States Bureau of llines, of the total of
434,774 short tons of crude barite produced in the United States in 1943,
225,154 short tons was used in the manufacture of ground barite (includ-
ing some crushed barite), 128,073 tons was manufactured into lithopone,
and 81,547 tons was employed in the manufacture of barium chemicals,

The greater part of the ground barite produced in this country
in 1943 was used in the netroleum industry where it is mixed with benton=
ite and other ingredients to form a heavy mud which is employed as a
drilling medium in drilling deep ¢il wells, For this use color and ex-
treme purity are not important provided the specific gravity is 4.2 or
higher. An increcase in the use of barite in o0il well drilling can be
expected due to the exniration of the natent covering the process.

Baritec is also used as a flux in rlass making, because of its property

of forming a surfaee froth vhich nrotects the melt from the furnace gases
and slows heat transfcr., DBarite added to the glass mix in small amounts
impnarts desirable properties to some grades of glass, especially moulded
forms. Coarsely crushed barite was formorly thought necessary for use

in glass manufacturing but recent experiments have demonstrated that
ground barite can be used equally well. Ground barite is used as an
inert filler in rubber, nancr, printer's ink, oilcloth, linoleum, phone=-
granh records and similar articles, as a paint pigment or paint exterder,
and to weight textiles and leather goods. All grades arc used, from an
off-color product to white acid-blcached barite depending on how the
color will affect the finished article, According to the llinerals Year=
book, in 1943, 69 percent of the ground barite nroduced in this eountry
was used in drilling muds, 12 percont was cmployed in the glass industry,
7 porcent in the manufacture of paints, 4 nereont was uscd as a filler

in rubber, and 8 norcent went into various miscellancous uses.

One of the principal uscs of barite is in tho manufacturc of
lithoponc which is criployed mainly as a white paint pigment but which
also finds considerable use as a filler. Lithopone is an intimate mix-
ture of barium sulphate and zinc sulphide obtained from the co-precipitae
tion of the two constituents and contains approximately 70 percent BaSO4
and 30 percent ZnS. Lithopone paint pigments were used extensively
during the war in place of titanium, lead and zine¢ oxide pigments, but
these pigments will probably eagain replace lithopone to a considerable
extent vhen conditions become normal,



Barium chemicals are used for & variety of ourposes in industry.
Blance fixe (precipitated barium sulphate) is used in white paint and as a
filler for nroducts which require a whiter and finer material than can be
obtained from ground barite.

Barium chloride is used indirectly in the manufacture of chloe
rine and sodium hydroxide, in coatings for photogravnhic paper, for finish-
ing white leather, and as & flux in the fabrication of magnesium alloys.
Barium hydroxide is employed in beet-sugar refining and in ourifying
animal and vegetable oils, Barium nitrate imparts a green color to
signal flares, barium oxide is useful in case-hardening steel, barium
carbonate is slso used for this same nurpose,as well as for retarding
efflorescence in bricks, and berium peroxide is used in making hydrogen
neroxide,

Snecifications for barite vary considerably according to the
use, Common specifications call for 95 percent BaSO4 and less than 1 per-
cent Fe203., TFor use in the glass trade barite containing less than 0.1
percent Fe203 and a minimum of 96 percent BaSO4 is demanded, DPrices of
crude barite were frozen in llarch 1942, Ceilings for crude chemical-grade
barite approved by the Office of Price Administration in April 1944 for
Georgia and Alabama producers ranged from $9.50 to $11.00 a ton. Prices
for I’issouri producers for the same grade material were frozen at $7.00
a ton f,o.,b, rail points. According to the Minerals Yearbook, in 1943
the price of ground barite delivered to oil wells in the Houston, Texas
area was 523 to §27 s short ton; ground, bleached barite was quoted at
$25.35 a short ton in the St. Louis area, and ground, unbleached barite
at $17.50 a short ton f.o.b. producing plants. Because for many of its
uses it comnetes with other low-priced minerals which can be used equally
es well, barite has been, and is likely to remain, a low-priced commodity,
Prices at the n»roducing centers are governed largely by the cost of trans-
portation to markets,

Occurrence

Barite is not knovm to occur anywhere within the Trinity River
droinage basin, It is found, however, at a number of localities within
the irinity River tributary area in both Texas and Oklahoma. In neither
state has there been any significent production, although a number of
attempts have been made to mine barite. The total production of the
entire state of Texas probably amounts to less than 500 tons and Oklehoma
has produced evon less, The ililwhite Company, Inc. nroduced ground
barite at a plant at lioustcn, Texas but the plant nrocessecs crude barite
imported from ogytside the state,

' Thin irregular veins or scattercd nodulecs of barite are found in
shele beds of Lower Permian age throughout central end southwestern Okla-
home, esnecially in IcClaine, Garvin, Comanche, Tillman, Stephens, Cotton
and Kiowa Counties. A similar occurrence is reported from beds of about
-the same age 22 miles southwest of Abilens, Taylor County, Texas. In
Baylor County, Texas barite nodules have becn reported in red shales of
the Permain Bolle Plains formation in an escarpment east and northeast of
Rendham, and discontinuous barite veins and joint fillings are found in
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Triassic ‘ed shalcs on the Dora Roberts Ranch, 2 miles north of the Otis
Chalk ocor..unity, Howard County, Toxas., In general the beritc content of
the shale beds is low and the deposits arc of no cconomic importance.
However, in places weathering of tho shale has resulted in a residual
concentration of the rclatively heavy and resistant barite and some of
these localitics arc potcntial nroducers of barite. Of the known occur-
rences, perhavs the most promising is 5 milcs south of Cache, Comanche
County, Oklahoma wherc several thousand tons of baritc arc cstimated to
occur in two deposits on the floors of gullies in the Permian shale on
thc cast side of Viest Cachc Creck. The deposits arc within casy hauling
distancc of thc railroad at Cache and the barite can be recadily concen-
trated by scrconing and washing. - A somowhet similar rcsidual concentra-
tion of baritc on the ncearly flat floor of an cerosional amnhithoator is
found 9 niles cast of lanitou, Ti'lman County, Oklakoma, but thc tonnage
evailable is much smallor., At ncither of the above two localitics are
known roscrves sufficient to justify the costablishmont of a barite plant,
but the »ossibility that other similar deposits cxist in the area should
not be ignored,

In thc Arbucklc l‘ountains of Oizlahoma baritc is found in brown
clar and limonite derived from the weathering of the Arbuckle dolomite of
Cambrian and Lower Ordovician age, notably on the Thompson Ranch 6 miles
northcast of 1}7ill Creek, Johnson County and on the Lowrance Ranch south
of Sulphur, MNurray County. On the Thompson Rench the barite is found in
an open pit from which scveral hundrcd tons of iron orc wore oxtracted
and is associatcd with small amounts of pyritc. The occurrences are of
significance only in suggesting the possibility of other barite deposits
in the region.

Barite, cementing sand grains in sendstones of the Lower Permian
Garber formetion, occurs in the vicinity of Pauls Valley and Paoli in
Gervin County, Oklahoma and has a2lso been renorted from Cleveland County,
Cklahoma. By weirht the barite comprises about one-third of the sandstone
and, because of the difficulty of extraction and the limited extent of the
barite sandstone, is of no present economic immortance.

Sand-barite "rosettes" or ™arite roses" (rose-shaped crystal
arrrerates of barite) are numerous in the Lower Permian sandstones of
certral Oklahoma or in the gravels derived from them and are most abun-
dant in the unper 100 feet of the Garber sandstone. Similar rosettes
occur in the Clear Fork-ilichita formation in southwestern Oklahoma.
Rosettes are nrized br mineral collectors and are of scientific interest,
but because they occur as isolated individuals scattered through the sand-
stone, and themselves contain much admixed sand, they cannot be recovered
economicelly excent locally where weathering may have concentrated a few
tons of barite.

There is a ranidly increasing demand for barite-weighted drill-
ing muds in oil well drilling, end as the Trinity River tributary area
includes a great number of importent oil fields, if workable deposits of
berite were found in the tributary area, they would be in a favorable
nosition to compete with barite shipned in from outside sources,
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BUILDING STONE

H. Bs Stenzel and H. C. Fountain, Bureau of Economic Geology,
University of Texas, and D. M. Kinney, United States Geological
Survey.

Abundant natural buildine stones are found in the Trinity
tributary area, east of the breaks of the High Plains and north and west
of the outcrop of the ~ustin chelk. Toward the Gulf coast natural build-
ing stones become progressively searcer. Scarcity of natural building
stones also characterizes the High Plains in the west.

Building stones are as varied as the structures for which they
are used. In the Trinity River tributary area, granite, gabbro, marble,
limestone, dolomite, sandstone, silicifi-3i wood, and glauconite rock are
present and are used for building stone.

Technically, granite is an igneous rock composed principally of
qartz and feldspar with minor amounts of dark accessory minerals. True
granites may vary from very light gray to red, depeading upon the  amount
of dark minerals oresent and the color of the feldspar. IThey may range
from very fine-grained to coarse-grained or porphyritic. However, in the
building and monument trade, the term granite includes any igneous rock
capable of being shaped into dimension stone or polished for use in
monuments. Gray granite may be a quartz monzonite, a gramodiorite, or a
diorite, and black granite is a gabbro or basalt.

In the building trade any limestone (calcite or CaCOz) capable
of taking a gocd polish and of attractive color and texture, occurring in
sufficiently thick beds and so free of fractures that it c¢an be quarried
in large blocks, is termed a commercial marble, The color of marble may
vary because of included impurities from write or light gay to green,
brown, or red. Interesting textures are produced by included fossils,
styiolites, or veins of calcite of contrasting colors.

Sandstone is a sedimentary rock composed of sand grains cemented
more or less firmly by a natural cementing material. Its grains ares
composed almost exclusively of quartz (Sid3). Pure quartz is colorless
and transparent, but many quart% grains ure pink, white, gray, or black.
Natural cementing materials of sandstone are limonite and hematite,
calcite, clay particles, and quartz or chalcedony. asaccording to the
cement, the sandstones are classified as ferruginous, calcereous,argile

-laccoug and siliceous or quartzitic. The nature of the cementing material
and the proportion to which it fills the pore space between the sand
grains, determine to a large degree the strength, resigance to abrasion,
resistance to weathering, porosity, and other physical properties of the
stone. .

Silicified wood is a term applied to fossil logs in which silica
(S10,) has replaced the wood without destroying its botanical cell
structure. BSilicified wood has approxim:tely the hardness and specific
gravity of quartz. It occurs in various shades of brown, but in some
cases bleaches to a whitish-gray on prolonged exposure.



67

Clauconite rock is : sedimentary rock composed chiefly of grains
of the mineral glauconite ccmented more or less firmly by such natural
geologic cementing materials as calcite and clay, or lironite and hematite.
The mineral glaucénite is a soft (Mohs scale, 2), medium-heavy (specific
gravity, 2.2 to 2.85), dark green mineral with the chemicel composition
of a complex iron-aluminum-potassium silicate. Glauconite weathers
Peadily cnd most of the glauconite rock used as a building stone in the
area is weathered to some extent .hen quarried. hence, its color varies
from dark green of the fresh rock to olive-brown and rusty brown of the
weathered rock. The latter color is due to the presence of limonite .and
hematite. Glauconite rock is soft, particularly so when freshly quarried,
and easily cut by saws and other tools, but it is also low in strength and
resistance to weathering. Due to the ease with which it is cut, glauconite
rock is used mainly as dimension stone.

Color and s'rface texture are import:nt properties in several
types of building stone, especially in monumental and ornamental dimension
stone and terrazzo chips. Clear and bright colors and interesting color
patterns are desiruble qualities. Pure limestones °nd sandstones are
white, because of the minerals composing their grains, calcite and quartz
respectively, are colorless and transparent. Colors of limestones and
ddomites are caused mostly by included minerals and impurities such as
glauconite (preenish), marczsite or pyrite (bluish), limonite or hematite
(yellowish, brownish, reddish), and csrbon compounds (brownish, grayish,
black). Colors of sandstones are caused mostly by the natural cement
holding the sand grains together. Ferruginous cement makes yellow, rust-
brown, «nd red stone, while calcareous or siliceous cement makes white or
gray stone.

Surface texture refers to the : poearance of the cut or rough-
trimmed surface of the dimension stone and considerabl y affects the
interest znd esthetic appeal of the rock and structures tuilt from the
rock. <Some building stones, such as granite, gabbro, and marble, take
high polish and retain it. ©ilicified wood and some hard limestones,
likewise take polish. Other stones, notably limestone and glauconite
rock, may contain fossils or cavities once occupied by fossils. Some
building stones have characteristic forms of fracture on rough trimming.
This rough trim used chiefly on outside walls, gives the stone an
architecturally interesting appearance.

Shapes and sizes of commercial building stone are manifold. Two
chief categories, dimension stone and crushed or broken stone, are
recognized. Dimension stone is shaped into slabs, mill blocks, monumental
stone, paving blocks, curbings, flagstones, cut-stone blocks, or rough-
trimmed blocks, and must conform to more or less rigidly specified di-
mensions and shapes. Jhe specified dimensions are obtained by sawing,
cutting, or splitting with specially designed tools or machines. Pleasing
color and surface texture snd ability to take polish are desirable quali-
ties of some dimension stone. This tyve of stone is a substantial,
dignified,and m enduring building material used chiefly and relatively
costly or at least nermanent structures. Many, public. and business buildipgs,
such as courthouses, post offices, schools, =nd banks, have exteriors and
hallways of dimension stone. ln recent years rough-trimmed dimension
stone has also been used in increasing quantities for substantial
residences.
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Crushed and broken stone is of irregular shape and varying -
dimensions. However, ruch crushed stone is sold with the screen size
specified. Great quantities of this type of stone are used in modérn
eonstruction as road metal, concrete aggregate, railroad ballast, riprap,
aaphalt filler for p:vements, terrazzo, and roofing granules, In con-
trast to dimension stone, pleasing color and surface texture are of no
importance in this type of building stone, except for use as terrazzo and
roofing granules. Terrazzo is a mixture of Keene ccment and rock chips,
polished after pouring and setting. It is used as flooring in buildings
where heavy foot traffic would damage a less durable material. Strength
and resistance to weathering are important spmecified properties of crushed
and broken stcne in nearly all of its uses.

Man has used building stones since peehistoric times. Monumental
ruinsy for example, Stonehenge in England, the Roman roads and aqueducts,,
and the nyramids of Egypt, attest to their use in =2ncient times. OJriginal-
ly, large structures were dbuilt entirely of natural stone. Mane-made
substitutes of natural stone have been invented <nd introduced from time
to time. Unburned bricks were in use in ancient Egypt. Burned bricks
were used for many Gothic churches in Middle Age Europe. Steel and con-
crete are used widely as building materials in the framework of modern
structures. In such buildings dimension stone is used merely as a facing
and ornament, but crushed rock may be used extensively in the concrete.
Many smaller buildings are made entirely of manufactured building materials
such as brick, hollow tile, and concrete. These trends toward the sub-
stitution of manufactured materials have resulted in a proportionate de-
cline in the use of natural building stones and particularly of dimension
stone. OUn the other hand, the demands of modern industry and transpor=-
tation systems have enormously increased the uses of crushed and broken
stone.

In 1939, a year not influenced by war demands, the United States
produced 117,463,510 tons of various building stones valued at $135,703,
819. Of this tonnage only 2.0 nercent was dimension stone and the re-
mainder was crushed znd broken stone distributed as follows: 82.5 percent,
road metal and concrete aggregate; 6.0 percent, railroad ballast; 4.9
percent, riprap; 0.2 percent, asphalt filler; 4.4 percent, diverse uses.

In the Trinity tributary area building stones are quarried in
open pits. Only rarely are deposits of stone so thin-bedded :nd flaggy
that they can be removed without extensive blasting. -The better grade of
stone,particularly dimension stone, requires heavy machinery for cutting
and hoisting. Cheap transportation i~ particularly essential for crushed
and broken stone nroduced in great quantities for a low unit price. Hence
canalization of the Trinity fiver would extend ecomomic shipning distances
for stone that is used only locally at present, and would open up territory
containing possible new sources of building stone. Phe great demand for
various bullding stones in the irdustrisl cities of Dallas and Fort Worth
on the north and Houston and Galveston on the south, would probably result
in the opening of new deposits along the course of the river. Such un-
developed deposits are known to exist.
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Silicified wood is found scattered over the surface of the
ground, because it is resistant to weathering and remeins on the ground
long after the enclosing beds have disintegrated. It 18 gathered locally
where concentration is sufficient to warrant collecting and shipping.

Océurrence of Building Stone in the Trinity River Tributary Area

In the Trinity River tributary area, rock suitable for building
stone occurs in geologic formations ranging in age from pre-Cambrian to
Tertiary. ‘The pre-Cambrian rocks are igneous rocks exposed in the wichita
and #rbuckle Mountains of sourthern Oklahoma. Sandstone, limestone, and
dolomite are wide-spread in rocks of diverse ages of the area, but the
marble and glauconite rocks are limited to single formations. S licified
wod, althoughwidespread in deposits of Cretaceous and Tertiary age, is of
minor importance as a building stone; glauconite likewise is of minor im-
portance. The occurrence of limestone, dclomite, and megnesirn limestone
are treated in other sections of the report. (See figs. 1 and 14)

Granite

The Mchita Mountain district includes parts of Comanche, Kiowa,
Greer, and Jackson Younties, Jklahoma. Igneous rocks ranging in com-
position from anorthosite gabbro to granite are exposed in a number of
areas. 1lhe granites are fine- to medium-grained; some porphyritic rocks
are present. Varieties of granite present are: flesh red, reddish-brown,
and medium to dark gray. ‘he anorthosite gabbro is a coarse=-grained,
bluish-black heavy rock. Some of the granite areas have widespread joint
patterns, making poscible the removal of large dimension stone; g¢ranites
in other areas are so jointed that only small dimension stone or crusheé
stone can be produced. 4t present, granite quarries are operated at
Granite, Greer County; and at Roosevelt, Cold Srings, Mountain Park, and
» nyder, Kiowa County in the western part of the wWichita Mountains.

The arbuckle Mountain district includes: parts of Murray, Johnston
and ‘AMoka Counties, south central Oklahoma. Two varieties of granite,
phases of the same intrisive body, .re recognized in the area, The
Tishamoingo granite is a coarse-grained gray ¢ranite which ié& brittle and
does not polish well., It is suitable for structural work and large columns.
but is not good for monuments. The Troy granite is a medium= to fine-
grained gray rranite which takes a good polish and is strong and durable.
In the past, quarries hove been operated at Mill Creek, Ravia, Tishomingo,
«nd Troy, in Johnston County.

Marble

The coarsely crystalline gray to pink St. Clair limestone of
Silurian age crops out north of a fault in the vicinity of Marble City,
Sequoyah County, eastern Oklahoma. At this locality the St. Clair has been
quarried in the past for use as a building and interior ornamental stone.
At the Marble City locality the St. Clair limestone is more than 100 feet
thick and many good quarry sites are available,



Sandstone

Sandstone beds suitable for building stone are present in many
formations of Cambrian, Ordovician, Pennsylveniean, Permian, Triassic,
Tertiary, and Qaternary age.

Sandstones of Cambrinn end Ordovician age crop out in the Wichita
and firbuckle Mountains of southern Jklahoma and the Juachita Mountains
of central McGurtain County, southeastern oklahoma. The Reagan sandstone
of Cambrian age overlies the pre-Cambrian igneous rocks in the arbuckle
and Vichita Mountains. It igacoarse-grained, arkosic, in part con-
glomeratic sandstone which 1s rarely used, even locally, for building
purposes because of the presence of pre-Cambrian granite and arbuckle
limestone in the general vicinity. The Simpson group which is also present
in the Arbuckle Mountains has a number of prominent sandstone members, but
as a general rule the sandstone is so poorly cemented that it is useless
as a building stone. Its use as a glass sand is treated in the section
on Glass Sand and other svecialized uses of sand. The Crystal Mountain
sandstone £nd the Blakeley sandstone of Ordovician age are present in
central bcCurtain County. Because of the sparsely settled area and the
lack of transportation, these sandstones are used only locally.

The Pennsylvanian rock outcrops stretch from Coleman and Brown
Counties on the southern torder of the Trinity kiver tributary area north-
ward to the Kansas-Oklahoma border. Some notable sandstone beds of
Pennsylvani a1 age in Texas are:

‘Brazos River sandstone and conglomerate in Parker, Palo Pinto,
end Erath Counties--25 to 30 feet thick.

Lake Pinto sandstone in the same counties--about 20 to 25 feet
thick.

Turkey Creek sandstone in the same counties--about 10 to 15
feet thick,

Ricker sandstone in Brown County; about 4 miles southeast of
Brownwood.

Avis sandstone in Jack, Young, Stephens, fastland, Brown, and
Colcman Younties=--about 5 to 40 feet thick.

' In Okl :homa, sandstone beds in the Pe rsylvanian rocks form the
higher hills anX ridrce; the intzorvening sh les form the lowl.unds md
valleys. The sandstoncs are.gererdly light trean to grey, fine-grained -
and regularly bedded. Prominent sandstone beds-sre found irn tha following
Pennsylvanian formations in eastern and central Oklahoma.

Hartshorne sandstone, 150 to 200 fect, eastern Oklahoma.

Narner sandstone of the iicAlester shale, eastern Oklahoma, 40
feet thick,
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Savanna sandstone containing five sandstone beds, 50 to 200 feet
thick. Total thickness 1000 feet. Eastern and central
southern Oklahoma. (Tamaha sandstone at base.)

Bluejacket sandstone, member of the Boggy shale, eentral-eastern
and northeastern Oklahoma, 50 to 60 feet thick.

Thurmen sandstone, eastern 2nd central-southern Oklahoma, 200
feet thicke.

Calvin sandstone, central, central-southern, and central-
eastern Oklahoma, 145 to 240 feet thicke.

Elgin sandstone, central-northern, northern Oklahoma, 50 to
210 feet thick.

Seminole conglomerate and sandstone, central-southern, central
JOklahome; S50 feet of conglomerate -nd 100 feet of sandstone.

The Permian outcrops are west of the Pennsylvanian and stretch
from Tom Creen County, Texas, in the south, to the Jklahoma-Kansas border
in the north. "The best known fermian sandstones in Texas are in the
San Angelo formation in Tom Lreen, Coke, Nolan, Taylor, Jones, Fisher,
Stonewall, King, knox, Fosrd, Hardeman, and .ilbarger Counties--lccally
60 to 250 feet thick.

In Oklahoma, fermian sandstones occur in the Clear Fork and
Wichita groups, the whitehorse sandctone of the woodward group, and the
Duncan sandstone. The sandstone in the Duncan occurs in two or three
ledges 2nd ranges in thickness from 75 to 250 feet. ‘he Duncan sandstone
is the same as the San Angelo sandstcne of Texase.

Triassic outcrops are found in the Panhandle of Texas and along
the breaks cf the High Plains eastward as far as Nolan County, Texas, and
southward to northern Uoke County. Red =2nd gray sandstones occur in the
Trinssic 3-ntn Rosa formation. Beds 25 to 30 feet thick ~re reported.

Cretaceous outcrops form a continuous belt from eastern Brown
County, Texas to Red Hiver, and thence eastward in southern Oklahoma
south of the ~rbuckle and Ouachita Mountains to the Arkansas border. To
the west of this belt in Texas are numerous outliers of Cretaceous rocks.
Sandstones firm enough to be of value as building stone are not common in
“he Cretaceous beds. However, a dark red or black sandstone of Cretaceous
age has been used locally for buildings in southeastern Oklahoma,.

Tertiary outcrops form a continuous helt east and south of the
Cretaceous outcrops and extend southward to San Jacinto and Polk Counties,
Texas. Locally, sandstones of varying quality are present in tre Tertiary
outcrops. Some sandstones, used locally for building, are found in the
Carrizo formation, Newby member of the Reklaw formation, Queen City
fermetion, basal Sparta formation, Cook Mountain formation, Wellborn
formation, end others. Basal white Sparta sandstone was used as rough=
trimmed dimension stone in Cherokee County for the outside walls of the
new courthouse in Rusk, the new Grange Hall school, and the new lbrary
in Jacksonville. This stone is sveilable in Cherokee VCounty about 2 miles
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west of Grange Hzll school,and in northeastern Houston County in the
vicinity of New Glover schocl. At the lctter place the bed is 3 to 5
feet thick. Herd, white sandstones are found in the outcrop belt of the
Jackson and Catahoula groups. Many of these have been quarried locally
for broken stone and crushed rock. Local thicknesses of 20 feet are
known.

Quarternary deposits are found along the Trinity Kiver and other
ma jor streams as terrace deposits on either side of the river. Generzlly
these deposits are unconsolidated gravels, sands, cnd clays. However,
locally extensive masses of the porous deposits are indurated by inter-~
etitial calcareous or ferruginous cement. The resultant sendstcnes are
generally coarse-grained and conglomerntic. Une notable deposit of this
kind is on the west side of Neches River, in extreme northeastern Houston
County, Texas. This deposit:has been quarried in the past, but is far
removed from transportation facilities.

Silicified wood

This minor ornamental =nd veneer stone occurs scattered in
deposits of Cretaceous (Trinity group) and Terticry (Wilecox group and
Yegua formation) ape. Among the Cretacecus sediments the sands of the
irinity group in Erath and adjoining Texas counties, are the richest in
gsllicified wood. Outcrops of the Wilcox gproup cross Robertson, Limestone,
Freestone, Leon, Amderson, Navarro, Henderson, Van Zandt, Kains, and other
east Texas counties. Outcrops of the Yerua formation cross Madison, Leon,
Houston, Trinity, Angelina, and Nacodoches Counties.

Glauconite_rock

This minor building stone occurs in Jeches strata of Tertviary
age. “‘he form:tion crosses Robertson, Leon, houston, Anderson, Henderson,
Cherokee, and many other east Texas counties. (Compare map accompanying
chapter on iron ore--Fig. 28.) Locally the beds are sufficiently
indurated to be useful as a building stone. The new courthouse at Rusk,
Cherokee County, has this stone as a facing of interior hallways and on
the lower part of the outside wall. The thickness of the useful portion
of the Weches is from £ to 10 feet only.

Reserves

Building stone is so widely distributed over much of the area
that the overall reserves of this res:urce must be very large. lowever,
locally, there is a scarcity of building stone in some parts of the area,
and if natural building stone is to be used in such localities it would

have to be shipped in. Building stone is scarce on the High Plains and
in the coastzl belt of Texas.



Producing companies and localities

The more important building stcnes oroduced in the Trinity KRiver
tribuiary area are limestone and grenite. An important limestone
dimension stone area is the Lueders district, Jones and Schackelford
Counties, Texas. Producers 2nd location of quarries of limestone are
given in the chapter on limestone. The granite quarries are located in
Greer and Kiowa Counties, in the Wichita Mountain area of Oklahoma.

Other kinds of building st-ne are produced intermittently and
on a minor scale at many localities. Thers are numerous local quarries
producing broken stone intermittently for road metal. They are operated
by county road crews, the State Highway Department, '"PA crews, CCC camps,
and other agencies. It is not possible to list all these minor quarries.

Some producing localities of sandstone in Texas are:

Quarry on Cook's Mountain near Crockett, Houstun County

Quarry on Texas State Highway No. 106, north of Groveton,
Trinity County

Two miles west of Grange Hall school, Cherokee County
Quarries near Homer, southeast of Lufkin, aAngelina County

Quarries near Devil's Bend of Naches kiver, southern
Angelina County

Quarries near Zavalla and Perry Doer Park, Angslina County
Quarries near Corrigan, Polk County
Silicified wood producer: »
Ross R. Wolfe, Stephenville, Texas ' »
Glauconite rock-oroducing localities in Texas (inactive)
Quarries near old Glover, northeastern Houston County
(Dimension stone used in mission in Mission State Park

at Weches.)

WPA quarry, 3 miles east of kusk, Cherokee County
(Dimension stone used in new courthouse at Kusk)



7.

Production of building stone in the
Trinity kiver Tributary Area

Granite Dimension Stone 1/

No. of
Year Short Tons Cuhic Pect Value producers
1935 -+ 1,910 - $.69,698 4
1936 5,560 ——memeew 179,070 7
1937 6,290 75,760 201,125 g/
1938 6,140 73,890 279,005 L
1939 3,610 43,930 173,296 6
1940 3,250 38,230 177,085 9
1941 4,000 48,560 225,314 8
1942 13,210 57,040 543,637 10
1943 3,340 37,580 327,428 6
1944 3,660 38,000 182,543 7

1/ 811 from Oklahoma; no granite was produced in the Texas
part of the tributary area,
2/ Not listed

All data from United States Bureau of M_nes

Limestone Dimeasion Stone

For most years the number of quarries producing limestone
dimension stone in the tributary area is so few that it is not possible
to publish statisticse
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Crushed limestone and dolomite

75

Year Short Tons Value
1935 893,486 $ 660,358
1936 1,775,958 1,646,448
1937 1,227,415 1,119,907
1938 1,012,310 1/ 1,005,025 1/
1939 2,612,501 2,105,642
1940 1,369,289 1,129,809
1941 2,151,076 1,973,758
1942 3,410,353 3,479,020
1943 3,204,627 2,761,282
1944 1,820,381 1,604,728
Crushed sandstone
Year Short Tong Value
1935 45,510 $ 45,335
1939 117,950 79,109
' 1940 134,420 103,477
1944 37,580 10,380

Miscellaneous stone sold or used by producers

Year Short Tons Value

1935 36,1981/ $ 38,746 1/
1936 55,378 1/ 33,260 1/
1937 143,576 1/ 99,821 1/
1938 770,959 604,164
1939 186,041 85,375
1940 85,225 30,909
1941 12,700 10,285
1942 No production ——————
1943 No production ———e—-
1944 260 2,385

1/ May include chats from Joplin area

All data from United States Bureau of Mines
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CELESTITE

H, B, Stenzel and II, C. Fountain, Bureau of
Economic Geology, University of Texas, and D, M,
Kinney, United States Geolorical Survey.

Celestite (SrS0O,), the principal source of strontium and
strontium comnounds, is a medium-hard (Mohs scale of hardness, 3 to
31) an? heavy (specific pravity, 3.97) mineral, containing 56.5 per=
cent 3trontium oxide and 43,5 percent sulfur trioxide. It occurs in
well-developed crystals, crvstalline nodules, or irrerular masses,
and resembles barite in many of its nroperties, Pure crystalline
celestite is translucent and colorless or sky-blue, but celestite in
commercial denosits is usually colored by impurities., It occurs as
replacement deposits or cavity fillings in limestone, calcareous
sandstone, dolomite, soft sand, sandstone, and shale,

During the war the chief use of celestite was in the manu=-
facture of signal flares and tracer bullets which owe their bright
red color to small amounts of strontium compounds. A similar peace-
time use of strontium comnounds is in fireworks; however, normally
this does not require large quantities of celestite. Small quantitie:
of celestite are also used in the manufacture of strontium chemicals,

The use of ground celestite as a weighting medium similar
to barite in the manufacture of heavy rotary drilling mud may become
of prime importance in the Texas area in the future,

Celestite is mined from shallow open pits in both Brown
and 'olan Counties, Texas. In Brown County the celestite is broken
from the beds by means of horse-drawn plows, The nlows have proven
fairly satisfactory and economical, except that in some nlaces con-
siderable losses are sustained from shattering the celestite into
nieces too small fc - handling. In MNolan County the celestite is
pried out of exposed ledges with hand tools., During one period of
about three days, a steam shovel was used for stripping the ore in
the I’iller locality in Brown County, and at several times tractors
have been emnloyed in drewing nlows to exnose and break material
fron the beds, In all deposits the material is roughly sorted and
loaded by hand,

Post-wer prospects for the domestic celestite industry
depend on competition with foreign sources., In normal times celes-
tite is imported to the United States from Englend, Spain, and
Yexico. It can be delivered at the seaboard at prices ranging from
12 to 15 dollars per short ton. Such prices limit the possibilities
of shipping domestic celestite to the seaboard or of exporting it,
Thus the chief prospects for future use of celestite deposits in the
Trinity River tributary area probebly rest in local use as a drilling
mud conditioner,

The methods employed in the Trinity River tributary area
for the mining of celestite are primitive; hence they require very
little capital investment and little machinery. The improvement in
mining and separating methods might make possible the development
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of deposits having a larger overburden than the ones vorked at
nresent. The only deposits of commercial importance today are those
which have only a few feot of overburden.

Occurrences of Celestite in the Trinity River Tributary Area

The mineral celestite in small non-commercial quantities
is widely distributed in Texas and has been reported from the Okla=
homa part of the Trinity River tributary area. Commercial depgsits
are restricted to two districts in Texas. (Fig. 7)

The Nolan district centers in llolan County and the miner-
alized area extends southward into northern Coke County and north-
ward as far as central Fisher County. Mining begen in 1938. Celes-
tite occurs as replacement demosits in dolomite or dolomitic
limestone beds of the Double l'ountain group of Upper Permain age,
The thickness of the deposits is variable., In Fisher County celes-
tite denosits are restricted to the Claytonville dolomite but in
the central nart of the district dcposits occur in several horizons.
In the Boothe deposit 5 miles south of Sweetwater, Nolan County, the
enclosing bed is 14 to 20 inches thick and is variably replaced by
celestite. The rock mined contains an ostimated 70 to 80 nercent
celestite.

The Brown district centers in eastern Brown County and
mineralizetion extends into Comanche and l“i11s Counties. liining
bepan in 1940, The celestite deposits are in impure limestone and
shale which lie in the middle of a series of soft sands and clays
end arc nrobably & marpginal facies of the Glen Rose formation of
the Lover Croctaceous Trinity group., Celestite occurs as nodules or
bedded deposits but only the bedded deposits are of commercial impor-
tance. The beds vary in thickness from 2 to 14 inches and average
about 4 to 5 inches. The denosits contain from 70 to 80 percent
celestite but some deposits contain as much as 10 to 12 nercent
barite, One of the largest workable deposits is on the R, L. liiller
land about 5§ miles northwest of Blanket, Brown County where the cclese-
tite bed is about 8 inchos thick. Another workeble deposit is on the
Alpha Beker and J, A. Faulkner land about 4 miles northwest of Blanket
The thickness varies from 4 to 10 inches and thc grade is unusually
uniform,

W. E. Ham of the Oklaho:a Geological Survey renorts that
the largest colestite deposits in Oklahome occur in thin dolomite
beds of Permian age in an arca 7 miles long in a north-south direc-
tion and 2%-milos wide ncar Veatherford in northeastern Washita
County, Oklahoma., Thc coclestite with a small quantity of strontianitc
(Src03) is present as dissominated crystals in the dolomite, as crys-
tals lining open cavitics, or as crystals aligned along bedding
nlancs. Four localitics having nossibilities of commercial develop-
nent are !movm. In threc of thesc localities the celestite deposits
ere in the VWeatherford dolomite and are exnosed from several hundred
feet to several hundred yards along the outcrop. At these localities
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the dolomite increases from the normal 12 inches to as much as 30
inches in thickness. The fourth and largest denosit is in a 10-foot
dolomite bed near the base of the Cloud Chief formation in the NE 1/4
sec,'28, T, 11 ¥,, R, 14 i, The celestite impregnated dolomite bed
crops out in a low hill that covers about 40 acres. Illo drilling has
been done on any of the deposits to determine their extent,

Reserves

Although celestite occurs in numerous scattered deposits
in the Trinity River tributary area, many of the deposits are too
thin, too irregular, or have too much overburden to be workable, In
estimating reserves in the Texas part of the area only those deposits
of sufficient thickness and grade and under shallow overburden have
been considered,

Estimated reserves in the Drown district 30,000 tons
Estimeted reserves in the lolan district 200,000 tons

Data is insufficient to estimate the reserves of celestite
in the Vlectherford area of west-central Oklahoma,

Producing Companies

Operating companies within the Trinity River area and
plant locations are listed below. !lost, if not all, of thc celestite
produced was used for rotary drilling mud. -

Bennett-Clark Company, !'ncogdoches, Texas 5 miles south-south-
west of Sweetwater,
T'olan and Fisher
Counties,

The Milwhite Compeny, liouston, Texas 4 to 5 miles north-
west of Blanket,
Brown County.

iudrite Chemicals, Inc., llouston, Texas Brown County,
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Production

Mumber of
Year Tons Shinned Producing Compenies
1940 2 Producers
1941 1959 3 Producers
1942 1917 3 Producers
1943 4958 4 Producers
1944 2 Producers

All of the above nroduction was from the Brown and l'olan

districts in Texas, none having bcen produced in Oklehoma, Data from
the United States Bureau of Ifines.
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CLAYS

H, B, Stenzel, Bureau of Economic Geology, University of
Texas, and A, E, Weissenborn, United States Geological
Survey

Clays are rooks of earthy appearance whose chief characteristie
is their plasticity in the wet state. Mineralogically clays are eomposed
of complex hydrous aluminum silicates = the so-called clay minerals -

' among which are included kaolinite, dickite, nacrite, halloysite, al-
lophane, beidellite, nontronite, and montmorillenite., In addition to
aluminum, silica, and water, some of the clay minerals also contain ironm,
magnesium, celeium, potassium, and sodium. The individual particles of
which clay is composed are usually less than 0,002 mme in diameter and
consequently the component minerals can be identified only by microscopic
or x-ray methods. Iiinerals commonly occurring as impurities in clays are
quartz, calcite, gypsum. siderite, limonite, pyrite, and muscovite. Many
clays contain soluble salts which in some cases may offset their us2fulness.
Raw clays contain large amounts of water, part of which is mechanically
held and part combined chemically with the hydrous silicates. The mechan-
ically held water which evaporates at room temperature is known as "shrink-
age water", the remaining water which is driven off by heating to 110° C.
is known as "pore water™; the Bhrinkage water” and the "pore water"together
are known as "water of plasticity". A part of the mechanically held water
is retained until the clay is heated to about 200° C., this is known as
"hygroscopic" water. The chemically combined water, which is an essential
part of the various clay minerals, is given off at temperatures betweon
450° and 600° C.

In the following chapter, clays are divided according to their
use and are discussed under the headings of bleaching clays, burning
clays, and drilling clays. This division is somewhat arbitrary as some
clays may be used for several purposes, but it is followed for convenience.

Bleaching clays, used mainly in the oil refining industry, are
generally derived from the alteration of volcanic ash and have the property
to a high degree of decolorizing oils. Burning clays include those plastic,
siliceous clays used in the manufacture of brick, tile, <nd pottery; and
the high-alunina clays used in making refractory bricks and shapes.,
Drilling clays are clays having certain proverties which make them useful
as the basic ingredient in oil well drilling fluid.

The properties which determine the suitability of a clay for any
specific purpose are physical rather than chemical and depené to a large
extent on the mineralogic composition and the texture of the clay. Chem-
ical analysis gives little indication of the physical properties, and
whether a clay can be used for any given purpose must be determined in
most cases by teste.



Bleaching Clays

A. L. Jenke, United States Geological Survey

Nearly all clays possess some ability to decolorize mineral,
vegetable and animal oils and fats. In general, bleaching clays are
classified as active or activable, The naturally active clays, or fuller's
earths, are those in which the power to adsorb coloring matter from oils is
inherent in the raw vroduct. The activable clays, or bentonites,l/ are
those which are either wholly inactive or only slightly active in their
natural state, but which can be activated by treatment with dilute acid,
rendering them capable of performing the same functions as the naturally
active clays. The Trinity River tributary area produces over 15 perceat
of the total United States output of bleaching clay.

Optically and mineralogically fuller's earth and bentonite are
similar, both being hydrous aluminum-silicates of the montmorillonite-
beidellite group. Both have a cormon origin as it can be shown micro-
scopically that both are derived from altered volcanic ash and contain
devitrified glass shards in all stages of alter.tion to clay minerals,
Physically, fuller's earth is non-plastic to slightly plastic, possesses
a foliated structure, and ordinarily does not slake readily when submerged
in water. Bentonite or metabentonite is a plastic, dense clay, with a
waxy luster which will slake readily in water. As found in nature, both
fuller's earth and bentonite have a high water content (25 to 30 percent
moisture) and range in color from white to light gray, cream, buff, brown,
or dark graye '

As a general rule the chemically activated clays are much more
effective as decolorizing agents than naturally active earths. arti-
ficially activated clays cannot be recovered efficiently or at low enough
cost and therefore must be discarded after use. Fuller's earth can be
recovered and used several times, However, the activated clays display
a distinct advantage over natural earths due to their. greater bleaching

;/ True bentonites have the property of swelling several times thier volume
upon the addition of water. The bemtmite clays of the Trinity River area,
although similar in other respects to the bentonites, do not have this
property and technically are known as metabentonites. However, in the
bleaching trade all activable clays are called bentonites and for this
reason the production of metabentonite is listed under bentonite. The
terminology of bleaching clays in industry is further complicated by a
recent trend to report tonnages mined as fuller's earth rather than bep=-
tonite although bentonite may have been reported as mined from a given pit
in previous years. In commercial practiee a clear distinction is seldom
made between fuller's earth and bentonite and it is not unusual to find
the two terms used almost interchangeably.
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powers and sonsequently lesser quantities are necessary to produce the
desired result. This is a desirable feature, as the smaller the amount of
clay used, the smaller is the loss of oil retained in or adsorbed by the
clay.

In 1943, 80 percent of all bleaching clay produced in the United
States was used as decolorizing agents in the petroleum refining industry;
most of the remaining output was used in the refining of cotton seed,
soya bean and coconut o0il, and in the clarification of crude packing-
house lard and grease. Aporoximately 60 percent of the total bleaching
clay output is listed as fuller's earth by producers. Activated clays for
bleaching purnoses are in part superseding the use of fuller's earth.

Bleaching clays are mined by strip-pit methods, since the over-
burden seldom exceeds 10 feet. Pick rnd shovel or small mechanical
shovels are generally used for mining and the raw clay is hauled by truck
to processing plants located near the pits. Raw fuller's earth is crushed
to minus 3/4 inch :nd dried in kilns. Further crushing and screeniig
reduce the clay to the size desired by the individual user. The activable
clays are treated witi dilute sulfuric acid at boiling temperature for
several hours, washed free of acid and soluble salts, dried, and then
crushed to the desired sizes., Bleaching clay is generally sold in 135
pound bags or shipped in box cars.

The Trinity RKiver tributary area, and especially the lower part
of the Trinity Kiver basin, are very favorably located to sup-ly bleaching
clay to the great oil refineries of the mid-continent and Gulf coast
states, Bleaching clays are bulky, low priced materials, that sell for a
small margin of profit and the fortunate location of the principal deposite
ad jacent to important refining centers makes competition improbable from
deposits outside the area. The major oil companies which are the principd
users of bleaching clays, commcenly oper:te their own pits acnd processing
plants to sup»ly their own needse.

Occurrance of bleaching clay in the Trinity River tributary area

General occurrence - Bleaching clay is found in several
sedimentary formations ©f Tertiary age which undérlie the Coastal Plain
in the lower part of the Trinity River tributary area. Bleaching clay
is also found in Pliocene or Pleistocene strata in many scattered lo-
calities on the High Plains throughout western Texas and western Oklahoma.

Coastal Plain zrea = #s is shown on the accompanying map,(fig.
bleaching clay deposits in the Coastal Plain area are essentially confinjg
to certain Tertiary strata which cross the Trinity tributary area in threc
narrow bands roughly narallel to the coast line. These strata lie in the
Cook liountain formation of the Claiborne group, of the Eocene age; the
Jackson group, also of Locene Age; and the Catahoula sandstone, of

Miocene (?) age. Because these strata cross the Trinity River, outcrops
of bleaching clay might be expected in the lowland areas subject to
periodic flooding, but in most cases the clay-bearing formations in the
immediate vicinity of the river have been covered by Quarternary alluvium,
or have been eroded away, and clay exposures, therefore, are not commone.
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The only actual outcrops of bleachine clay in the area subject to flooding
are at Alabama Ferry on the Trinity Eiver in Houston County, where an
exposed bed of bleaching clay 3to 4 feet thick is found in the Landrum
shale member of the Cock Mountain formation. 4 pit near Carlisle, Trinity
County, in the Catahoula sandstone, is very close to the area subject to
flood if it is not actually within it.

Within the Trinity hiver drainage basin bleaching clsy is found
in the Cook lMountain formatior in Houston, Leon and ladiscn Cocunties. In
this formation in Houston County,bentonite is fiund at Hurrican= Bayou 3%
miles northeast of Crockett, and bentonite outcrops form a line from thore
to Alabama Ferry, a distance of about 20 miles. Map-:ing of these numerous
outcrops and drilling of the associated deposits were carried on as a
Yo Pe A. project under the suparvision of the Bureau of Economic Geolegy,
University of Texas. Important deposits of fuller's earth and bentonite
are found in the Catahoula sandstone near Riverside, in Walker County, and
a few miles farther to the east in San Jacinto and Trinity Counties.

Outside of ihe Trinity hiver drainage tasin denosits of Fuller's
earth and bentonite occur in the @laiborne group south of Forest, Charokee
County; 2 miles north of redl:nd, angelina County; snd in Nacogdoches
County. Deposits of fuller's earth are being mined 9 miles south of
Zavalla, Angelina County, from beds of Jackson age. Near Cermona, in Polk
County, 62 feet of pyritic clay, some of which is bentonitic, was found
during the course of auger drilling. It is uncertain whether the clay is
in the Jeckscn group or the Catshoula sandstone.

The most important producing areas at nresent are those near
Riverside, wWelker County, where the Texcs Company nd the Continental
0il Company have nrocessing plants; ‘nd the deposits near Zavalla and
Redl:nd, Angelina County, where <everal comp-nies produce bleaching clay.

Outcrops of Claiberre, Jackson <nd “atahoula strata extend beyond
the limits of the Trinity River tributary area and deposits of bleaching
clay are either heing mined or are knoun at several localities in these
formations bo*h east .and west of the ares,

High Plains area - Bleaching cl.y occurs &s isolated lenses in
Pliocene or Pleistocene sediments throughout the High Plains aree in
western Texas ané western Oklahoma. Counties where deposits have been
found include looduard, ¥llis, Dewey, Blaine, Roger Mills, and .ashita
Counties in Jklahoma and Hartley, Potter, Swisher, J3riscoe, and Seurry
Counties in Texase. Most of these doposits are classed as bentonite,
although some tuller's earth is reperted in the Texas part of the area,
particularly in Briscoe and Swisher Counties. Producing plants are lo-
cated in briscoe Countv, Texas, Qthers in iodward County, Oklshoma, six
miles west of the town of Woodward, are no longer operating.

Other localities - DPeposits of bleaching clay are reported from
"'agoner and l'~skell Ccunties, Oklahora, near the .rkansas River, and from
the valley of the Red River in Cotton County, Oklahoma. Detailed infor-
matios» is lacking regarding these deposits but they ajpear to be in
pockets or lenses in Cuarternary terrace gravels.
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The total ocutput of tleaching clays from the Trinity

river tributary area in the past 10 vears is given in the following

table:
Fuller's earth Bentonite 1/

Year Short tons Value Short_tons Value 1/
1935 40,904 $391,389 4,805 $58,508
1936 46,176 455,493 1,247 2/ 9,976 2/
1937 48,252 460,928 235 2/ 2,354 2/
1936 36,749 346,490 4,464 2/ 44,640 2/
1939 36,537 341,048 4,336 2/ 43,860 2/
1940 32,454 261,379 3,000 2/ 30,000 2/
1941 61,399 556,741 o 2/ o 2/
1942 68,577 577,631 2,500 2/ 28,250 2/
1943 76,561 584,390, 3,912 2/ 44,532 2/
1944 93,057 738,969 1,764 2/ 39,427 2/

1.
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4.
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6.

7.

1/ May include some bentonite used as rotary drilling mud
g/ From Texas nert of tributary area only; Okleéhoma sroduction
not available

All data from United States Bureau of mines
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Burning Clays

He B. Stenzel und H, C, Fountain, University of lexas,
Bureau of Economic Geology, and A, L, Jenke and
A. E. ‘eissenborn, United Statss Geological Survey

Burning clays are so abundant, and the nroducts derived from them
~r@ SO much in use in everyday life that the general public pays them scant
attention. Yet these clays are a very importaent nitural resource because
of their wide range of uses in industry and their abundance and cheapmness.

. The useful properties of burning clays derive from the fact that
when wet they may be molded or pressed into many desired shapes znd then
changed by heating into hard <nd rigid ceramic products that are resistant
to water and weathering. As clays vary in behavior under the firing process
they are conveniently classified on the basis of the properties which they °
exhibit after firing. Jne such classification is given below.

(1) white or cream burning clays
Jpen burning or porous. Uses: pottery and refactories.

Dense burning and nonrefractory. Uses: pottery includiﬁg
whiteware, vorcelain, stonewere, terra cotta, abrasive
wheels, zinc reterts, face brick, saggers.

Dense burning and refractory. Uses: crucibles and glass
pots.



{Z) Buff burning clays
Refraciorye. Uses: Abrasives, fire brick, terra cotta,
sanitary ware, glazed :nd enamelled brick, ¢lass nots,
sag¢ers, retorts.

Nonrefractory. Uses: bricks, architectural terra cotta,
stoneware, yellow ware, face brick, sanitary ware, ».ving
brick, abrasiyve wheels,

(3) ked or brown or dark burning clays
Open pit or porous. Uses: brick, drain tile, hollow
blocks, flower pots, pencil clays, ballast.

Dense burning. Uses: condulits, sewer pive, paving brick,
floor tile, electrical porcelain, cooking ware, silo
block, artware, face brick, architectural terra cotta,
roofing tile, hollow blocks, flower pots, slip clays.

(4) Light ¢ray or cream bumipg clays containinz some calcium or.
magnesium carbonate. Use: common brick,.

It would be difficult to list all the ceramic uses of clays. The
wide range of useful products obtained from the various turning clays is
indicated in the foreroing classification and new ones are continually
being develcped.

exclusive of brick clays

In the United States in 1939, clays of all clasces/S01d and used
totaled 3,927,764 short tons valued at 17,046,773. Among these the burn-
ing clays greatly predominated, with tire clay 56.7 percent, kaolin 20
percent, and ball clay 3.2 percent. Miscellaneous clays made 10.3 percent
of the total, follow 4 by bentonite and fuller's earth with 5.6 percent
and 4.2 percent resnectively. ‘he average value of the kaolin sold was
«8.94 per ton, cf the ball clay ,7.28, and of the fire clay 32.62.

Most clay deposits are worked as open pits, the method of ex-
cavation depending upon the character of the clay, thickness and extent of
beds, and character of the overburden. ©Small denosits, or those containing
more th n one variety of clay difficult of separation otherwise, may be
mined by hand, but are usually uneconomical to operate. In some deposits
the clay face may be undercut at the base and caused to fall, thus breaking
up the material so that it may be handled readily. Thick beds of uniform
quality are becst handled by mechines such as drag lines or shovels znd
planers. The development of the bulldozer has greatly facilitated and
cheapened the removal of overburden in nreparation for handling by machines
of greater power and capacity. Underground mining is commonly used only
for extracting the bet er grades of bedded clay and usually is carried out
by the room-and-pillar method.

Ordinary burning clay products have restricted markets on account
of transportation costs and because of competition, which is commonly nea:
at hand. Some of the lower grade products might, by some special virtue
or reputation, invade reasonably distant market territories, but the great
majority of them must be used close to the place where criginated. Products
made from the higher grade clays have a somewhat wider market.
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In an established industry such s the manufacture of brick and
tile, the element of competition is of ovrime consideratior. Brick plants
are in operation over a large part of the irinity River tributary area
wherever raw materials are readily accessible. In the great majority of
cases the clay deposit and the brick plant are awned and operated by the
same compeny. In the past many more plants were operating than at the
present time, but broadening of markets and imprevements in transportation
have tended to concentrate t he indusiry in fewer hands and locelities.

Capital requirements of the average brick plant are moderate.
However, the economic factors of greatest inportance are cheap fuel and
transportation. Cheap and efficient fuel in the form of natural gas is
available in great quanitites in many locations in the Trinity River
tributary area, If the Trinity River were to be opened up to cheap water
traasportation ceramic plants of the tributary area would have two great
economic advantages. Under those circumstances it is possible that the
markets for ceramic products made in the area could be extended greatly enc
that many of the products could be exported for sale in Mexieo and the
Antilles. The expected expansion in building coupled with the increasing
shortage of lumber should swell the demand for all kinds of ceramic build-
ing materials.

Occurrence of burning clays in the Trinity River tributary area

Burning clays occur widely over the Trinity River tributary area,
Nearly all parts of the area have deposits of burning clays except the
rerion underlain by the Cenozoic deposits of the High Plains. The presence
and general character of the clays are determined by the geologic formatior
in which they are founi.

Gccurrence of burning clays in Texas - Clays, or shales, suitable
for making brick =nd tile or similar lou-grade products are found over a
wide area along the outcrops of 'he Pennsylvanian and Permian formations
in Texas, Extensive and thick beds of shale occur in the Strawn Canyon
groups of Pennsylv.nian age in Brown, Eastland, Erath, Pelo Pinto,
Parker, and ise Counties. In the Strawn group the principal shale beds
are the !lingus shale 250 to 300 feet thick, the East Mountain shale up to
300 feet thick, -nd the Salesville shale about 150 feet thick. The Canyon
Brownwood shale and its equivalents outcrop from Brown County to Wise
County, increasing in thickness from 180 feet in the south to approximately
400 feet in the north. Equally extensive but much thinner beds of shale
occur 2lso in the Canyon strata overlying the Brownwood shale.

In the Upper Pennsylvanian Cisco group, as well as in the Permian
formations outcropping cver a wide area farther west, numerous beds of
shale occur. Like thosc in the upper Canyon strata they are thinner than
those in the Strawn., They tend to be very erratic in both distribution and
lithologic character. They grade into "rrd beds"” to the north and north-
east. Above the Wichita group, the remaining Permian formations are
predominantly of "red bed" facies and hence contain none but the lowe:xt
gradeg of burning clay materials. The Cisco formations contain several
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beds of coal znd it is probable that shales associated with the coals
might be fcund to have ceramic uses.

Burning clay deposits are abundant in the “oodbine, Eagle Ford,
Austin, Taylor, and hevarro formations of Cretaceous age. These formations
crop out through a wide belt which includes the most densely populated
ares in Texas. Although lower grade clays predominate, the deposits
probably are the most important in the state due to their location with-
in, or close to, a highly industrialized area.

Th- “oodbine outcroo extends from northern McLennan County
through Hill, Johnson, Tarrant, Denton, and Grayspn Counties to Red River
in extreme northwestern Fannin County. Other small outcrop areas occur in
the valley of Red kiver in Lamar and Red River Counties. Beds range in
thickness from a few feet to over 600 feet.

The Eagle Ford shal~ outcrops across Mclennan, Hill, Johnson,
Zllis, Tarrant, Dallas, Denton, Collin, and Grayson Counties, and con=-
tinues adjatent to the valley of Red River slone the northern sides of
Fannin and Lamar Counties and into northwestern Red River County. The
thickness ranges from a few feet to several hundred feet. .

The Bonham clay, a provincial facies of the Austin chalk, oc:urs
in Grayson, Fanrin, Lamar, «nd Red River Counties and varies from a few
feet up to abeut 40C feet 4n thickness.

The Taylor strata outcrops from McLennan County to Red River
and occupies parts of lMcLernan, Limestone, Fill, N=varro, Ellis, Kaufman,
Dzllas, Rockuall, Collin, Kunt, Fannin, Delta, Lamar, Red kiver, and
Bowie Counties. The clay beds in the Taylor are interrupted along the
outcrop b the development of interfingering beds of chalk, marl, &nd
sand, The total thickness of the formation is somewhat over a thousand
feet, and nart of it is shale suitable for brick making.

The outcrop of the Nivarro strata across the area is divisible
into three formations, ‘he medial Nccatoch saend separating clay or clay-
marl beds in the lower.and upper parts. The outcrop extends through parte
of Limestone, lavarro, Henderson, Kaufman, Hunt, Hopkins, Delta, Franklin,

- Red River, and Bowic Counties. Its total thickness is eomparable to
that of the Taylor formation.

In the Focenc formations outcropping in the southeastern part
of the Trinity River tributary area, the useful burning clays are mostly
associated with the lignite-bearing beds of the Wilcox and Yegua groups.
However, the Midway, Claiborne.and Jackson strata also con¥ain clays, at
least of the lower grades. In the lignitic beds of the Wilcox and Yegua
are found deposits of refractory or semi-refractory clays that can be
used in the manufacture of pottery, stoneware, and fire brick. Outcrop
belts of the Eocene strata are as follows:

Midway; Limestone, Freestone, Navarro, Hendefson, Kaufman,
Van Zandt, Rains, Hunt, Hookins, Delta, Franklin, Titus, Red River, and
Bowie Counties.

#ilcox; Robertsom, Limestone, Leon, Freestone, Nevarro,
And °rson, Henderson, Van Zandt, Rains, “ood, Harrison, Marion, Panola,
Rusk, Nacagdoches, Hopkins, Franklin, Camp, Titus, Morris, Red River,
Bowic, and Cass Counties.
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Mt. Selmzn; Hobertson, Leon, Freestone, Anderson, Houston,
Cherokee, Necogdoches, llenderson, Van Zandt, Smith, %ood, Hopkins, Frank-
lin, Titus, Camp, Morris, Cass, Marion, Harrison, Upshur, Gregg, an. Rusk
Counties,

Cook Mountain; Robertson, Leon, i'ouston, anderson, Cherokee,
Nacagdoches, =nd Angelina Counties.

Yegua; lMadison, walker, Houston, Trinity, and Angelina Counties,
Jackson; Walker, Houstin, Trinity, Polk 2nd Angelina Counties.

In addition to the burning clays found in the older formatioms,
the more argillaceous terrcce materials along major streams are often
suitable for maving brick or other low-grade wares. Deposits of this
type revresent the most likely sources of raw materials in that part of
the area covered by red bed and continental deposits of the High Plains.

Occurrsnce of burning clays in Jklahoma - Burning clays are
abundart throughout Oklahoma, =2lmost every county containing deposits
which zre suitable at least for the manufacture of common brick. Clays
which might be used for refractory purposes are found in Cherokee, Kay
and Woodward Counties; and fire clays underlie many of the coal beds in
Oklahoma. Most of the clay deposits are associated with rocks of
Pennsylvanian or Permian age. This is due in part to the extensive area
underlain by Pennsylvanian -nd Permian sediments; burning clay deposits
in Oklahoma are also found in OJrdovician, Mississippian, Cretaceous
and Guaternary sediments.

Reserves

No attempt has been made to estimrte acgu-ately the total
reserves of various burning clays found in the Trinity kiver tributary
area, If snmecial hifsh-grade clays, such as refractory clays, are exempted .
it is evident that the resources of the ordinary types of clays, that is,
brick clays, are very large and practically inexhaustible.

Producizg comp:nies =nd nroducts

Texas - There are 20 to 30 concerns engaged in the production
or processing of burning clays in the Texas nart of the tributary area.
Large brick industires are located in Fllis, Herris, Henderson, and Palo
Pinto Counties., Pottery is made at sthens, Dallas, Marshall, Mount
Pleasant, and other towns. The only large region where there are few
ceramic plants is the High Plains area, where raw materials suitable for
this kind of industry are generally scarce.

Ine following is a list of producers in the Texas portion of the
Trinity River tributary area. These were all active in 1943 unless
otherwise indicated,



Brick znd

Name of company

Abilene Brick Co., #bilene, Texas
(idle in 1943)
acme orick Co., Fort Worth, Texas

Athens Brick and Tile Co.
Atlawta Brick Co., atlanta, Texas
Atlas Pressed Brick Co., Ferris,
" Texas
Barron Brick Co., Palmer, Texas
Brownwood Brick & Tile Vo,
Browswood, Texas
Erath Supoly Co., -rlington, Texas
Fer ‘is Brick Co., Ferris, Texas
Garrison Brick Co., Garrison,
Texas
#. He Johnson, Shreveport,
Louisiana
Je Co Jones, L. K. tHoneycutt,
et al., Henderson, Texas
Marshall Brick Co., Marshall, Texas
fartin Brick Co., Coleman, Texas
Mineral "ells Clay Products Co.,
Kineral “ells, Texas
Palmer Brick Co., Palmer, Texas
Palo Pinto Coal Co., Mineral Vells,
Texas
Pan-Tex Clay Products Co., Amarillo,
Texas (closed in 1943)
Relianes Glay Products Co., Dallas,
Texas
Texas Brick Co., Brownwood, Texas
Tri-State brick & Tile Nfg. Cc.
Whitselle Brick & Lumber Co.,
Corsicana, Texas

Tile

Taylor County

Denton, Ellis, Parker, Jichita,

.Wise Counties
Nacogdoches County
Cass County
Kllis County

Fllis =nd Limestone Counties
Browr. County

Erath :nd Palo Pinto Ccunties
Dallas and Ellis Counties
Rusk County

Harrison County

Rusk Ccunty

Harrison County
Coleman County
Palo Pinto County

Ellis County
Pale Pi.ato County

Potter County
Palo Pinto and Smith Counties
Brown County

Harrison Jounty
Navarro County

Fire Brick

Acme Brick Co., atlanta, Texas
General Refractories Co.,
Philadelphia, Pennsylvania
(Troup works)
Harbison='Jalker Refractories Co.,
Pittsburgh, Penrsylvaniaj;
(athens, Texas)
Thermo Fire Brick Co., Sulphur
Springs, Texas

Denton County
Cherokee County(pit)
Smith County (kilns)
Henderson County

Cherokee and Hopkins Counties
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Pottery

Namo of company Location of slant or pit

Athens Tile & Pottery Co., Athens, Henderson County
Texas (idle in 1943)

The- Hogue Pottery, Mt. Pleasant, Titus County
Texas
Lovefield Clay Co., Dallas, Texas Hopkins County
Marshall Pottery Co., Marshall, Harrison County
Texas '

Montgomery Porcelain Products Co., ballas County
Lovefield, Dallas, Texas
(idle in 1942-43)

Oklahoma

The following list of 15 ceramic plants which were active in
1945 is taken from "Oklahoma lianufacturers" by Thuesen (23),

Location of Plant

Manufacturer Town County Product
Acme Brick Co., Oklahoma City Oklahoma Hollow building tile,

facing tile, common and
face brick, acid orick,

\ refractories.
Acme Brick Co. Tulsa Tulsa Brick and tile
Baker Co., Earl ... Bethany Oklahona Tile
Blackwell Brick Co. Blackwell Kay Brick, face, znd common.
Davis Brick Co. Enid Garfield Brick
Ellis Glazing Co. Henryetta Okmulgee Blazed produets
Frankoma Potteries Sapulpa Creek Dottery

Inc,
Mangum Brick é& Sapulpa Greer Brick and tile
Tile Co.
Muskogee Materials
Coa Muskogee Iuskogee Concrete blocks,bricks.
Sapulpa Brick & Sapulpa Creek Brick and tile
Tile CO. .
Sheaffer Tile Co., Jklahoma City Oklaroma Tile
G. V.
United Brick & Tile Yulsa Tulsa Brick end tile
T Coq
United .Brick & Tile Collinsville Tulsa Brick and tile
COQ
Western Brick Co. Clinton Custer Brick and tile

Wewoka Brick & ‘Jewoka Seminale Brick «nd tile
Tile Co. .



95.

Production
Raw clay burned into clay Fire clay
products at mine or pit ~ produced
Texas Oklahoma Texas 2/
Year Short_Tons Stiort Tons Short Tons Value
1943 442,710 102,554 Not reported
1944 213,804 71,9595 24,403 l/ +82,490 ;/

l.

24

3

4.

Se

7

8.

10.

l/ Includes some stoneware clay from llarrison County.
_/ No data available for »roduction of fire clay in Oklahoma.

All data from United States Bureau of Mines. According to
the Bureau, statistics nrior to 1943 are very incomplete.
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Drilling Clay

A. L. Jen%e, Urnitcé Statcs Geological Survey

Drilling clay, commonly called "drilling mud" ia the petroleum
industry, is eny clay which when finely ground «nd mixed with water makes
a suitable medium for removing rock cuttings from drill holes, and for
lubricating or cooling the drill stem and bit in rotary drilling. The
Trinity River tributary area, as one of the great oil producing sections of
the United States, uses large quantities of dr1111ne clay in the pre=
paration of dril'ing —uds. )

Drilling clay ~ust be a very fine-grainsd to colkidal clcy or
shale, free from grit nd sand, and resistant to flocculation by minerals
in solution. The most important properties of drilling mud are purely
physical-~including weight, viscosity, gel strength, and thixotropic
characteristics. (Thixotropy refers to tke ability of a fluii to set
ranidly to a thick jelly-like mass when circulation is stopped, and to
beco~e fluid ageain when apitated), The last thrce physical proverties are
dependent upon tre narticle size of the cl:y and especially on the relative
proportion of narticles of colloidal size.

Besides the orimery functions of drilling muds--removing rock
cuttings and lubricating and cooling the drill stem znd bit--additional
functions of a good rotary mud =are: (1) to seal the walls of a drill hole
to prevent slougting of the form tion, loss of mud into the formmation, =nd
dilutioa of the mud b+ water from the formations pemetrate®; . and (2) to
orevent high-pressure gas tlcwouts., To cortrol high gas pressures and
prevent gas blowouts vhen crilling, ground barite (BaSO4)or celestite

SrS04) are addad to the drilling mud to increase the weight of the mud
column. The addition of colloidal bentonitic clays assists in holding the
heavy¥ materials in suspension.

Depc - of drilling clay are usually to be found at or very
close to the surface, and are mined by simple strip-pit methods using
light weight mechanical shovels, drag lines, or scrapers. Processing of
the raw material may involve air-drying in a shed and grinding to about 200
mesh, or, in the case of the more valuable clays such as metabentonite,
the material is dried in rotary kilns or gas fired furnaces and then
ground to the desired size in harmer mills. The clay is usually sold in
100 pound bags.

As drilling clay is a bulky, low cost commodity, its source must
be as close to *the point of consumption 's possible. Drilling clay sells
for 4 to 310 per ton. The higher priced clays, used where drilling
conditions are es-ecially difficult, are sold under various trade names.



. Specialized drilling clzys find their preatest asnlications in the Gulf
Coast 0il fields, where gas pressures are high and drilling conditions
are difficult, Speeialized drilling ruds find some application in othe:
0il field localities in the Trinity River ¢ributary area, but are rot as

widely used as these in the Gulf Coast fields because of generally more
favorable drilling conditions, and because in some instances the shale
formations penetrated in drilling yield satisfactory mud matevrials with-
out the addition of specialized d®illing clays. The future demand for
drilling clay from deposits in the Trinity River tributary area will
depend in large measure on drilling activity in and ad jacent to the area.

Occurrences of Drilling Clay in the Trinity River Tributary area

No production of drilling elay is reported from the Trinity
River basin although ary of the reported occurrences of bentonitic clay
from the Eocene Jackson nnd Claiborne groups or the liocene Catahoula
formation of the Gulf Yoastal Plain may be acceptable as high grade
drilling clay. The location of remorted bentonitic clay occurrences in
the Trinity kiver basin are given under Blezching Clay.

In the Trinity hiver tributary area outside the drainage basin,
drilling clay is mined from the Jackson group of the Eocene in aAngelina
County cnd from kocene strwta in Hopkins County. On the High Plains
west of Texas, drilling clay has been renorted from Pliocene formations
in Bailey, Briscoe, Cochran, Crosby, Dickens, Donley, Garza, Gray, Hartley,
Howard, Lamb, Lynn, and Terry Counties. In 1943 Howard end Terry Counties
produced drillimg clay. In the Trinity River tributary erea in OJklahome
occurrences of bentonitic clays of Pliocene are, sultable for drilling
clay, are renorted from Slaine, Dewey, Ellis, Haskell, Roger Mills,
Wagoner and ‘Joodward Counties, but no nroduction is in »rorress,

Reserves
In the Trinity hiver tributary area nrobably unlimited reserves

of clay and shale suitable for drilling clay are present in the Tertiary
formations of the Gulf Coastal Plain and in the High Plains.

Producing Companies

The companies and location of nits producing drilling clay in
the Trinity River tributary aremare given in the following table:

Name of Company Location
Ce As Jones Howard County, Texas
Tri County Ciay Coe. Terry County, Texas

Xact Products Co., Ince. Angelina County, Texas
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Production

The production of drillimg clay for the 10 year period 1935-1944

in the Trinity River tributary area is given in the following table:

1.

2.

Se

4,

Se

6e

Year . Short Tons

1935 No information
1936 No information
1937 14,000

1938 8,000

1939 No information
1940 No information
1941 5,500

1342 7,601

1943 9,321

1944 11,000

1/ Estimated

All data from United States Bureau of Mines
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DOLOLITE AI'D I'AGIESIAN LIMESTONE

H. B. Stenzel and II, C, Fountain, Bureau of Economic
Geology, University of Texas, and D. L. Kinney,
United States Geological Survey.

Dolomite rock and magnesian limestone are sedimentary rocks
composed chiefly or partly of the mineral dolomite. This mineral is
medium hard (l'ohs scale of hardness, 3.5 to 4.0, slightly harder than
calcite) and comparatively heavy (sp. gr. 2.8 to 2,95). Its chemical
commosition is Calg(CO3)2; theoretically it contains 30.4 percent CaO,
21.9 perceat ig0, and 47.7 percent CO2. llost natural dolomites contain
iron or mangenese replacing a portion of the magnesium.

Dolomite rock had a spectacular demand as a source of metallic
nagnesium during tho war. A plant at Austin, Texas, south of the Trin-
ity River tributary arca, manufactured magnesium from dolomite quarried
in the Llano-Durnet arca and marnesium salts obtained as a by-product
in refining potash salts at Carlsbad, llew liexico. lMarnesium metal is
used for signal flares and incendiary bombs; aluninum-magnesium alloys
were used in the manufacture of airplanes anc airplane engines, where
light weight and strength are nrime considerations. In 1943, which was
the first vear of greatly cxpanded marncsium metal production in the
United States, 887,830 short tons of dolomite rock or 25 percent of
the total dolomite rock orocduced snccifically for the magnesium content
were used for this purpose.

Decad-burned and untrcated dolomite are used as refractory
lining for metallurgical furnaces. Dolomite is also a raw source of
nazncsia (1 g0) which has refrectory and other uses. Before the war
the refractory uscs of dolomitc rock eand dolomitic limestoné accounted
for five-sixths of the United States »roduction and in 1943 about 70
nercent of the total dolomite production was for this purposc.

Dolomitic limcstone is used by naper mills for the making of
sulnhite pulp and dolomite is used for making basic magnesium carbonate
for heat insulation. Thesc two uscs included about 8 percent of the
total »nroduction in 1943, Small amounts of exceptionally pure dolomite,
that is, frec of or very low in iron, specially »repared as dead-burned
dolomite and sold undor thc trade namc Calcimag, aro used in plass manu-
facture, '

The cconomic aspects of future production of dolomite rock or
dolomitic limcstone in thc Trinity River tributary area demond on many
factors of comnetition and supnly. Dolomite rock suitablc for produc-
tion of metallic mognesium cen be obtained in parts of Texas outside
the Trinity River tributary arca and ono such deposit is already well-
developed and provided with transnort and oroduction fecilities. Dolo-
nite rock from this deposit can be nroduced and shipned checaply and theo
denosits would compete with dolomite produced from within the tributary
arca, Additional competitors of dolomitc end dolomitic limestono pro-
duccd in the Trinity Rivoer tributary erca arc the potash mines of Now
I'exico, which arc potontial producers of magncsium salts, chiefly sul-
phate and chloride, and thochemical plants along thc coast of Texas and
Louisiana vhich produce or can »roducc megnosium salts and mctal econe
omically,



101.

Occurrence of dolomite and dolomitic limestone
in the Trinity River Tributary Area

o dolomite or dolomitic limestone of importence is lorovm

from the Trinity River Pasin but dolomite and magnesian limesfone are
abundant in other narts of the tributary area. The Arbuckle zroup in
the Arbuckle and Vlichita l‘ountains of southern Oklahoma is oi' Cambrien
and Ordovician are and has great thicknesses of hipgh-grade undeveloped
dolomite rock and magnesian limestone. The Central lineral Region of
Texas also has thicl: and extensive dolomite deposits but treir outcrop
is south of the Trinity River tributary area. A few dolomitic limestone
beds are known from the Pennsyvlvanian rocks of Oklahoma and Texas, Vide-
snread but thin beds of dolomite and magnesian limestone are present in
the Permian rocks of the western part of the Trinity River t:i:ibutary
area in northern Texas and western Oklahoma.

The Arbuckle group in the Wichita and Arbuckle liountains is
more than 7,000 feet thick but it has been studied in deteil in only a
few nlaces. The Arbuckle groun has been subdivided into a number of
formations., The lower vart is Cambrian in aze and it has been divided
into the Fort Sill, Rorer, Sipgnal i'ountain and Butterly formetions.
The upper nart is Ordcvician in ase and has been subdivided into
lIcKenzie IIill, Strange, Cool Creck, [lindblade, and Yest Sporings Creek,
Ten miles south of Davis in llurray County the lower 2,250 feet of the
groun is nredominently magnesian and 1,500 feet of this thickness is
close to pure dolomite in conmposition,

Southwest of 1'ill Creck, Johnston County in the Arbuckle l'oun-
tains the Royer dolomite crops out over a wide area. Dolomite is also
present north of liill Creek. Anelyses of samples from beds in the Royer
range from 18.7 to 21,5 nercent lig0. The Butterly dolomite is present
only in the Arbuckle liountains. !0 analyses from this dolomite are
listed in the literature. The Strange dolomite crops out a few miles
northwest of Lawton, Comanche County, but is nresent only in the Vichita
i‘ountains., It is a high-grade dolomite with beds €0 feet thick. Anal-
yses range from 20,5 to 21.8 percent lig0 and average 21,0 nercent,
Dolomite also crops out 9 miles south of Gotebo, southeastern Kiowa
County. Analyses of this material ranre from 18.3 to 20.7 nercent lgO.
The Ilindblade is also a dolomite and the West Snring Creek formation
contains some dolomite in the eastern Arbuckle liountains. These forma-
tions have not been studied in detail and no analyses have been publishe

Permsylvanian lirmestones in northeastern Oklahoma are known
to be in part magnesian, The Vildhorse limestone in sec, 21, T. 22 N.,
R. 10 E. contains 18.0 nercent 1iz0 but the formation is only 10 feet
thick at that locality, Other formations in Oklahoma containing magnesi
limestone are the Avant, Dewey, and Ilogshooter limestones. In Texas a f
reef-like masses in rocks of the Canyon area of Pennsylvanian age may co
tain marnesian limestone.

Dolomite and dolomitic limestone occur as thin beds in several
Permian red bed [ormations which crop ou' in the western nart of the
area, (See Fig. 11.) The dolomite beds in the DPernian strata are a
part of a series of chenical precipitates formed in dessication basins,
There is an anparent cveclic repetition of pgreenish shale, dolonite, and
gymsum or enhydrite overlain by red shale of presumably continental
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origin. Underground, where nrotected from erosion or removael by solu-
tion, sodium chloride and other recadily soluble salts commonly overlie
the gypsum as a continuation of the dessication cycle. The dolomite
beds are at the basc of the main gypsum beds on the outerop and are
transitional with them. The contact zone is fairly sharp but marked by
interfingering of the two materials,

In the Texas part of the tributary area a dolomitic limestone,
the llerkel, occurs near the top of thec Permian Clear Fork group and
extends through Runnels, Tavlor, Jones, Stonewall, I'nox, and Foard Coun-
tics, Toxas, Ordinarily it consists of dolomitic limestone from 1 to 2
feet thick or two separate strata about 2 fect thick separated by a
shale break,

Dolomites apncar at tho basc of several gynsun beds in the
Blaire and Dor Crecl: formations across Coke, lNolan, I'isher, Stonewall,
‘ing, I'nox, Foard, Cottle,Childress, and Iardeman Counties, Texas. Of
theso dolomite beds thc Acmec dolomite is 1 to 10 feet thick, and the
Guthrie is 2 to 10 fecct, the langum is about 3 fect, the Childress is
not more than 2 foct thick, and thc Swectwater dolomite is from 1 to 3
feet thick, Solution of the underlying gypsum has made the dolomite
beds slump and break into great piles which could be quarried with ease.

Stratigraphically one of the highest beds of dolomite is the
Alibates. This rock is found along the Canadian River in Potter and
lloorec Counties (10) l/. It is a massive, white, crystalline dolomite,
cherty in places, usually senarated by shale into two beds, of which
one is about 9 feet thick and the other about 2 feet. Thicknesses up
to 11,7 feet are reported., This dolomite contains acid-insoluble resi-
dues of 1,16 to 2.16 percent and R203 of 0.36 to 0.84 percent,

In southwestern Oklahoma three thin dolomite beds have been
recognized in the Blaine formation of Permian age. The Il'angum dolomite
is located near the ton of the Blaine formation, It contains more than
5 nercent silica and may be highly calcitic in some locations. Thirty
feet below the langum is the Creta dolomite which is 1 to 2 feet thick
ard is very nure., In the northern part of the southwestern Blaine out=-
crons the Jester dolomite occupies almost the same stratigraphic interva
as the Creta in the southern nart of the area. TIlorth of the Canadian
River 4 dolonites have been recognized in the Dlaine formation. These
dolomite beds are 1 to 2 feet thick.

The "‘oodward group which is divided into the Dog Creek, Vhite-
horse, Day Creek and Cloud Chief members overlies the Blaine formation.
The most prominent dolomite bed in the Vioodward group is the Day Creek
dolomite which ranges up to 5 fect and averages 2 feet in thickness,

The Creenfield dolomite occurs near the base of the Vhitehorse sandstone
Analyses show a lg0 content of 20.08 and 25,28 percent.

In the ileatherford area two dolomites are recognized in the
Pormian rocks., The lower bed is the Greenfield dolomite 60 feet below
the ton of the '/hitehorse and the unper bed is at the base of the Quar-
ermaster formation. The bed at the base of the Quartermaster is 6 to

1/ See reference in bibliorraphy,
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15 feet thick and is probably equivalent to the Day Creek dolomite., In
the Veatherford area the Greonfield dolomite may contain more magnesia
than theoretically nure dolonite,

Reserves

Reserves of high-gradevdolomite in the Arbuckle group in the
Arbuckle and iichita l'ountains of southern Oklahoma are very great,
Although studied in detail in only a few places it is probable that over
1/5 of the 7,000-foot Arbuckle groun is composed of high-grade dolomite.
Quarry sites arc plentiful but transportation facilities are available
at only a few plecos. The various thin dolomite beds in the Permian
rocks of the Trinity River tributary area can be traced ir. sutcrop over
great distances. The Burcau of Iconomic Geolozy of the University of
Texas has cstimated reserves of 30,000,000 tons of dolomite and dolomitic
linestone from Permian roclks within the Texas portion of the Trinity
River tributary area, At least an cqual quantity of material is avail-
able in western Oklehoma, IHowever, it seecms at presont improbable that
the Permian dolomitc beds will be utilized in the near future except
nossibly for local use as crushed stone or building stone because of the
great reserves of high-pgrade rock available in the Arbuckle and Wichita
lountains within the tributary area, in the Llano-Burnet Region south
of the tributary aree, and elsewhere in the United States.

Bibliorraphy

l. Beach, J. O., and English, S. G.; Dolomite °nd mamesian limestone:
Okla, Geol. Surv., llin., Rent. 6, np. 1-17, April 1940.

2. Bowles, 0., and Jensen, 1%, S., Limestone and dolomite in the chem-
ical and nrocessing industries? U, S, Bur. of liines, Inf. Circ,.
7169, »n. 1-15, 1941.

3. Colby, S. I',, Occurrences and uses of dolomite in the United States:
Bureau of lines Inf, Circ., 7192, pp. 1-21, 1941,

4, Decker, C. Z., Timbered Iills and Arbucicle proup: Okla, Geol, Surv.,
Circ. 22, €2 »n,, 1939, ’

5. Illatmaker, P., Utilization of dolomite and high marnesian limestone:
Us S. Dur. of .ines, Inf. Cirec. 6524,

6. Llord, A. 1., and Thomnson, 1/, C., Correlation of Permian outcrops
on eastern side of the west Texas basin: DBull. Amer. Assoc. Petr.
GQO].., VO].. 13, ppo 945"956’ 1929.

7. Patton, L. T., The geology of Potter County, Texas: Univ. Texas
Bull, 2330, pp. 10-11, 20, 39-46, 1923,



8.

10.

11.

. 104,

Schallis, A., Dolomite base refractories: U. S. Bur, of l’ines Inf.
Cire, 7227, pp. 1l-11, 1942,

Suffel, G. G., Dolomites of western Oklahoma: Okla. Geol. Surv.,
Bull. 49, 1930,

larren, L. L., llotes on dolomite in Potter and l'oore Counties, Texas:
Univ., Tex. Publ, 4301, in press,

Vleitz, J. E., High-grade dolomite deposits in the United States:
U. S. Bur, of Mines Inf, Circ. 7226, pp. 2-3, 64-65, 68-69, 71-72,
1942, .



108 .
GYPSUI! AID AITYDRITE

D. Y, Ilinney, United States Geological Survey

G:msum, (CaS04.25in0) and anhydrite (CaSO4) are widely distrib-
uted in the Permian rocks of western Oklahoma and north-central Texas,
Rock gypsum crops out along the main drainages as white ledges, frequentl
tinted by included impurities or surface stained by the enclosing red
shales, Gyvpsum gives way to anhydrite down the dip of the beds; anhydrit
only rarely crops out at the surface, The Trinity River tributary area
‘produces almost 15 percent of the total United States output,

Gypsum is very soft (l’ohs scale of hardness, 2 -, easily
scratched by the finger nail) and light in weight (sp. gr., 2.3); anhy=-
drite is harder (hardness, 3 to 3.5) and heavier (sp. gr., 2.9). VWhen
crystalline and relatively free from inclusions, gypsum is called sele-
nite; gynsum when mixed with clay and sand is !mown as gypsite, Vhen
calcined between 300° and 350° F., gypsum loses its water of crystalli-
zatic- and a product, 2(CaS0a4).I”0 is formed;y calcined gynsum unon the
addition of water sets to a smooth compact material,

Anproximately three-quarters of the total Unied States output
of gynsum is calcined and used in the building trades as the base for
plaster, Keene's cement, and pre-fabricated lath, wall board, sheathing
board and tile, The remaining one-quarter of the United States produc-
tion is used princinally as a retarder in Portland cement; a small quan-
tity is used as agricultural gypsum. Anhydrite in small percentages car
be substituted for gypsun as a retarder in Portland cement; it can also
be used as an agricultural fertilizer, and as & natural mineral filler,

Gymsum is quarried in onen pits and is then calcined in kettles
following crushing and grinding or in rotary kilns following crushing %o
uniform size., The product of the rotar: kiln is frequently ground to
size while the calcined material is still hot to achieve a more uniform
product,

Besides adequate reserves of crude gypsum rock, the require-
ments for the establishment of a gy»sum-product plant are cheap fuel for
calcining and cheap transportation to population centers where the
finished product can be marketed. DBuilding meterials can stand only
limited transportation charpées as ther must compete with material from
other producing localities; because of this gypsum plants are located
along established railroad lines, At the present time the nrincipal
markets for gypsum nroduced within the Trinity River tributary area
are the large cities within the area, Calcined gypsum and gypsum prod-
ucts manufactured in Colorado, Kansas and Arkensas limit the market of
Trinity tributary area plants in a northerly and, to a lesser extent,
in an easterly direction,

Under war time construction restrictions the demand for gypsum
nroducts lagged excent for pre-fabricated building material which made
remarkable peins. With the removal of building restrictions the demand
for all calcined gymsum oroducts should increase greatly. Tn addition,
the use of rynsum as a retarder in cement, and as fertilizer in agri-
culture should create a strong dermand for the uncalcined product.
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Occurrences Within the Trinity River Tributary Area

Oceurrences in thd_}prpﬁgngggka.

"Viithin the Trinity River tributary area the comnmerically
important gypsum deposits are confined to sediments of Permian age.
The Permian gvpsum-bearing beds crop out from Voods County, Oklahoma,
on the FKansas border southward to the valley of the Colorado River in
Coke County, Texas, & distance of about 400 miles. The gyvpsum-bearing
beds continue northward into Kansas; south of the Colorado River the
Permian rocks are covered by Cretaceous and Tertiary deposits. MNo
Permian rocks crop out within the Trinity River drainage basin, and
grpsum deposits associated with these rocks are likewise outside the
drainage basin,

The gypsum beds thicken, thin, and in many places, lens out
entirely along the line of outcrop. However, a single bed or series
of beds at a given locality is remarkably consistent both in grade and
thickness., The gypsum-bearing shales commonly form escarpments or low
hills; a notable example of this topogranhic expression of the gypsum
beds is the Gypsum Ilills along the southwestern side of the Cimarron .
River Valley in Oklahoma. )

Rerionally, the gypsum=bearing beds dip very gently to the
west, D[astward and westward flowing streams cutting through the flat-
lring beds have given the line of outecrop a highly serrated appoarance,
The gypsum and anhydrite occur in the Blaine ana Cloud Chief formations
in Olahoma and the Double lountain formation in Texas., Individual beds
mey be locelly as thick as 60 fect and beds 20 fect thick over large
areas are common, ‘

Other Occurrences v . # -

Anh.ydrite and some gypsum have been found in wells in the
Trinity and Fredericksburg divisions of the Cretaceous in Parker and
Freestone Counties within the Trinity River drainage basin and in
Fannin, Comanche, IIill, and Panola Counties outside the basin; anhydrito
also occurs at depth in thc cap rock of salt domes at a number of local=-
ities within the Trinity River basin., llone of these deposits are of
commercial importence at the prescnt t ime. The distribution of the
gypsum-bearing Permian and Cretaccous rocks and the location of gypsum
nroducts plants in the Trinity River tributary area are -shown on the
accompanying map, (Fig. 12.)

Reserves

It has becn ecstimated that in Oklahoma alone, reserves of
125 billion tons of gypsum within 100 feet of the surface are available.
In the entire Trinity River tributary area the rescrves of gypsum
should be considered unlimited. Reserveos of anhydrite are many times
those of gvpsum, but they are under considerabdbly greater cover,
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= Gypsum products plants

I Concho Sand and “ravel Co.,0'Keene,Blaine Co.,Okla.
2 U.S. Gypsum Co.,Scvuthard, Blaine Co. Okla.

3 Universal Atlas Cement Co.,Wnionga, Blaine Co., Okla,
4 Certain-teed Products Co., Acme, Hardeman Co., Texas
5 Celotex Co.,Hamlin, Fisher Co., Texas

6 Natiornal Gypsum Cc. Rotan, Fisher Co., Texas

7 U.S. Gypsum Co.,Sweelwater, Nolan Co., Texas

Cou~ties where gypsum and anhydrite nave been reported
in drill holes from Cretaceous rocks
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Producing Companies

Operating companies within the Trinity River tributary area,
nlant locations, and plant capacities are listed below:

Oklahoma

Concho Sand and Gravel Co, O'Keene, Blaine County Closed in
1942 for dur:

tion of war

U. S. Cypsum Co, Southard, Blaine County 4 Yettles
Universal Atlas Cerent Co, Vatonga, Blaine County =~ww=—ce-w
Texas
Certain-teed Prcducts Co, fcme, Hardeman County 5 Kettles
Kational Gynsum Co, Rotan, Fisher County 4 Kettles
Celutex Co. Hamlin, Fisher County 9 Fettles
(Formerly Texas Cement Plaster Co.)
U, S. Gypsum Co, Sweetwater, lolan County 6 Kettles

The Universal Atlas Cement Company mines gypsum for use as
a retarder in Portlend cement and does not calcine its output. The
I'ational Gy¥psum Company is reported to be doubling the capacity of its
calcining plant, The Concho Sand aad Gravel Company produced erude
gyasum in 1942, but closed down for the duration of the war,

Procduction
C'msun output of the Trinity River tributary arca for a

ten-year neriod is given in the following table:

PRODUCTIO: OF GYPSUIT I" TIIE TRIIITY RIVZR TRIBUTARY AREA

; Short Tons Crude Velue in Number of
Year " Gypsum Produced Dollars llincs
1935 304,960 290,508 8
1236 372,227 302,128 7
1937 410,104 634,658 8
1938 360,178 461,055 7
1939 410,745 431,892 7
1940 491,374 .578,187 8
1941 663,054 746,951 7
1942 613,993 751,065 7
1943 618,944 796,133 6
1944 518,640 803,159 6

Data from United States Bureau of Mines
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Ielium is a veryr lightweirht, chenically inert gas found in
small nercentapres in certain »etroleun natu—-al gas fields in the United
States. It is colorless, odorless, end tas.eless end, being chemically
irert, it is nonnoisonous, roninflarzable, .nd nonexmlosive, Of all
geses helium is the nost dilficult to liquily and solidify,

The »rincipal use of helium is in l#shter-than-air craft wier.
its preat lifting nower (only € percent less than hydrogen, the lightesc
of the rases), and its noninflammability ma':e it ideal {or this purpo:s.
Zefore the war over €0 percent of the United States output wvas used four
lirhter-than-air craft, and durin~ the war this percentage probably
increased greatly. /n increasing quentity of helium is Leing used in
the nedicel profession ir the treatment of »ulnonary diseases such as
asthrna, end in anesthetics. A similer use of helium is in divirg he..-
mets end caissons to prevent the occunational disease linovn es the
"bends", Durins the war helium wes used to -rovide an inert atnosphe.:
in welding magnesium and an increesings use ir metallurgy following the
wer is »robable. The use of helium as & tracer gas by the petroleum
industr;r to determine the extent of underground migration of natural
Fas or rir thet is injected in wressure maintenance or cycling cpera-
tions probably vvill be ore o the most imnortent peacetime heliivm devel-
nents, Otler uses of hellum are in radio tuhes end electric signs, fcr
coolingz electrical equirment, end in specific heat determinetions and
other scientilic research.

T"elium is senernte? from the other constituents of natural
ces by a nrocess vhich irvolves liquifring all the constituents of t.
res excent the helium. The refined holium which is about 98.2 percexi
oure is shiomed in tenk cuars or in small gas cvlinders under pressure
and the remaining gas sold as a fuel,

Intil the war, the Panhendle district of Texes had a virtuadl
mononoly on helium »roduvction, and that distiist prcbadbly is still tue
most immortant helium source becauvse the Durecu cof lines Amarillo and
Ixell Ilclium Plants ere recar Amarillo iz Potter Countyr, Texas., To macc
increascd demards b;r the Armed Torces for helium, the Tureau of lines
also constructed and operated hielium nlants at Cunninghan and Ctis,
orsas, aad Shipreck, iew llexico. The Shiprock Plant processes cas
produced irn the nearby Rattlesnalle ficld, San Juan County, l'ew liexico,
wiere helium-bearing gas 1'as discovered in 1¢42, Jjetural gas contein’ns
helium is also knovn from southeastern Coloredo, castern Utah, and scut»
eastern Ohio, Deginning in 1927, small, privecely-owned plants were
onereted interimittently at Dexter, lansas, and Thatcher, Colorado, tul
these plants with related helium-bearing natural gas properties were
murchased by the Covernment in 1038 and have nowr becn dismantled. The
governnent-built plants in Texas have enourh capacity to exceed the-
normal ncacetime derand,
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Occurrence of Ielium in the Trinity River Tributary Area

lelium in neturel ras was {irst identified in 1905 from a
shallow ras well at Derter, Cowler County, Fansas, about 13 miles north
of' the Cklahoma borcer, FKowever, the first ex»erimental production was
in 191€ from nilot nlants onereted under the direetion of the Bureau of
lines at Fort Viorth in Terrent County, end Petrolia in Clay County,
Texas, The natural ras used by these nilot plants wes from the Tetrolia
r2s field in northern Cley County, about 30 miles north of the Trinity
River BDasin, Following the war a larger nlant was constructed at Fort
“iorth znd opereted until 1929, when the Dureau of ]'ines Amarillo I'elium
Plent was onened,

The helium »nlant at Amarillo was built to »rocess natural pas
from the Cliffside ras field in Motter County ablout 12 miles northwest
of fmarillo., The Covermment hes acquired the ras rirhts in about 50,000
ecres, the entire Cliifsice ras field, The gas is nroduced from Permian
rocks at denths ranging from 3,200 to 3,600 fect and is under pressure
of more than 600 nounds ner squere itach. The helium contert of the
Cliffsice natural ~as is about 1,8 percent, 1In lifteen rrears of opera-
tion only about 3 percert of the ~as reserve= of the Cliffside fielc
have been used [or tiie nroduction of helium by the Government. The
residue gas fnllowin~ helium extraction is sold in the city of Amarillo
for fuel.

During the war, the Exell Ilelium Plant, vith a capacity of
6u million cubic rect per rear, vias built at Ixell, CO miles north of
Amarillo, to rrocess ras Iron the Cha ning area, which is in the south-
vvestern neart of the main Panhendle field in loore, Potter, Oldham, and
ertley Counties, Texas, I'nturel ras in the Channing area carries aboul
1 nercent helium,

Other areas in tlie Trinity River tributary area which mayv con-
tain as much as 0,5 nercent helium in natural gas are northwestern Osage
County, Orlakoma, a southern extension of the discovery area in Cowley
County, Kansas and southwest of the Petrolia {ield in Brown and Ccleman
Counties, Texas on the souther:n boundar:: of the Trinity River tributary
area, .

Reservns in the Trinity liver Tributary Lrea

I'atural res reserves of th.c Ciiflside field have been conserv-
atively estimatec at 100,000,000,C00 ci:ic leet containing 1,C00,000,000
cubic feet of helium. Althourh reserves of h . lium in the Chamning area
have not been nublishec, the:” are nrobebly rreater then in the Clifiside
field. OSore of the heliun in the gas i'rom the Charning field is removed i
the Dxell Plant vhich -rocesses cormercial ras flowing to rerular domestic
and comrmercial consumers. The heliw: is recovered whether a market exists
or not, the volume of helium in excess of @iarket requirements being trans-
norted through a high rressure pipeline apwroximetely 12 miles to the
Government-owned Clifiside pas field where it is injected
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and stored for future use. The natural pas in northwestern Osage County.
Oklahoma and the area southwest of the Petrolia field, Texas, contain
considerably smaller nercentages of helium and the reserves are, in
large part, depleted by the production of oil., These areas cannot be
regarded as important helium reserves in comparison with the great
reserves in the Texas Panhandle area,

Production

IFiscal Year Cubic Feet
1934 6,534,270
1935 10,218,480
1936 4,663,355
1937 4,809,230
1938 5,830,752
1939 6,281,906
. 1940 ©,450,855
1941 16,173,430
1942 ' 29,962,530
1943 58,951,155
1944 137,268,144
1945 128,431,764
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Preface to chapter on Limestone, Caliche

and Shell Deposits

o The uses of limestone are so many and various that 1li

is creatgd ynder several headings. Limestzge for agriculturallmzzzzg;ur-
gical, cngmlcal, eand similar uses is treated on ppe 112-122, iimestone
used as dimension stone in the building industry and as crushed or broken
stone for construction purposes is discussed in the chapter on Building
St9ne (Pp. 66=77)e The use of limestone in the cement industry is dess
cribed in the chapter on Portlend Cement Materinls (ppe 127-133), end the

occurrence and uses of dolomite and ma ‘ .
: esian limes i
Ppe 100-104, en tone are discussed on

stone in which the spaces between the fossil shells are nuv wuuisy
filled with natural cementing material. Chalk in its pure form is an
earthy or pulverulent limestone of loosely cemented, very fine grains
of calcite or microscopic calcareous fossils. Lithographic limestone
is a hard limestone of uniform microscopic grain size.

The admixture of other minerals or sedimentary materials
such as dolomite, glauconite, quartz grains, shale or clay, results
in dolomitic, glauconitic, arenaceous, and argillaceous limestones.
Several different colors are produced by various included minerals
or impurities, including glauconite (greenish), carbon compounds
(brown or gray to black), marcasite or pyrite (bluish), and iron
oxides (yellowish to brown or reddish).

Caliche is a deposit of calcite and other minerals produced
at the surface of the ground by the evaporation of ascending capillary
groundwaters in arid and subarid climates. Substances carried in solu=-
tion by those groundwaters are left behind on evaporation of the water
and form a surface crust. As most groundwaters of the region carry
calcium carbonate in solution, the mineral calcite is commonly the
chief constituent of the caliche crusts. The thickness of these
caliche crusts is variable according to the length of time the forma-
tive process has been active, and to other local conditions. Caliche
is usually white or light-colored, pulverulent, and without bedding
or only crudely bedded. Due to its nature as an evaporation residue
it is mixed in varying proportions with soil particles such as sand
or clay.

Shell deposits are the remains of ancient shell banks of
marine or brackish water origin. Nearly all shell banks of the Texas
Coast are composed predominantly of the loose valves of dead oysters

of the common oyster species, Ostrea virginica (Guelin). These
shells are composed of calcium carbonate (CaCOz) and small quantities
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of phosphatic and oréanic substances. Freshly dredged shell deposits
also contain traces of common salt (NaCl), which can be removed by
washing with fresh water.

Because limestone is found in great abundance in almost
every country of the world, it has been used by man since very early
times. In agriculture, limestone and related geologic materials are
used raw or burned as liming agents for the improvement of soils.
These liming agents are spread on soils that are too acid or which
are deficient in lime. Their effect is to neutralize 8o0il acids and
acid clays, to release plant food elements from some soil minerals,
to supply calcium or calcium and magnesium as plant food elements,
to promote the growth of some crop plants such as legumes, and to
improve the tilling properties of soils. Limestone used for these
purposes is ground or pulverized and is commonly called agstone or
agricultural limestone. Related geologic materials used for these
purposes are quicklime and hydrated lime der .ed from limestone or
oyster shells, crushed or pulverized oyster shells, and calcareous .
marl. The chief porperty of these liming materials is their ability
to neutralize acids and is expressed in specifications as "calcium
carbonate equivalent"”. Most commercial agstone varies between 90
and 100 percent of calcium carbonate equivalent; agstone of less than
85 percent is not used except where better materials are not available.
Crushed or pulverized limestone or oyster shells for soil treatment
use should pass a 4-mesh screen and range down to dust size.

In construction, limestone is used as a raw material in the
manufecture of lime and cement and as building stone; these uses are
discussed under "Portland Cement Materials" and "Building Stone",

Lime is made from limestone by heating to drive off the carbon dioxide,
a process commonly called burning. Lime is an ingredient of the fol-
lowing varied construction materials: mortar, plaster,sand-lime brick,
stucco, cold-water paints, and silica brick. Lime used for these pur-
poses must burn to a white color and must not contain more than 5 per-
cent of such impurities as silica, alumina, or oxides of iron. In
general, high-calcium lime is used. :

In chemical and other industries, limestone, either as lime-
stone or burned lime, is used in many ways as an indispensable ingre-
dient in hundreds of products. Metallurgical uses are: as flux in
the smelting of metalliferous ores (in blast furnaces for pig iron;
basic open-hearth process for steel; electric steel furnaces; non-
ferrous-metal smelters 'for copper, nickel, lead, zinc, gola, silver,
antimony, and other metals), in ore concentration including cyanida-
tion, and in wire drawing. Some chemical wuses or products are: acid
neutralization, liquid and powder bleach, calcium carbide, cyanamide,
precipitated calcium carbonate, chromates, gas purification, insecti-
cides, fungicides, disinfectant, calcimine, paints, explosives,
matches, and fertilizers. Industries that use large quantities of
limestone or lime are: paper mills, water purification plants, glass
works, tanneries, and sugar refineries.

Of the total limestone production in 1940, t. = United States
used 22.5 percent for agricultural purposes, 5.7 percent for constructior
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purposes exclusive of building stone, railroad ballast, ripra;, road
material, and concrete; and 71.8 percent for metallurgical, chemical,
and other industrial purposes. The total tonnage for these uses was
43,279,129 short tons; this fipure does not include dolomite and dolo-
mitic limestone, which are discussed in another chapter. In short,
limestone is the most useful and most versatile of the stones used

in our economy.

Among the agricultural uses in the United States crushed
limestone is the most important, (8,724,160 short tons in 1940, or
90 percent of total agricultural uses); next is limestone burned to
lime or hydrated lime (886,500 short tons,or 9 percert), oyster
shells {92,213 short tons, or less than 1 percent), and calcareous
marl (25,516 short tous,or about 1/4 of 1 percent).

Among the chemical and industrial uses in the United Statcs,
limestone for flux in various smclters is the most important,
(22,856,910 short tons in 1940, or 73 percent of total chemical and
industrial uses).

Limestone is obtaircd in open quarries. The particular
quarrying method used varies according to the hardness of the rock,
the thickness of the individual beds, and the naturc of the product
desired and sold by the quarry. Blasting is necessary in nearly all
quarries.

Caliche is generally ruch less coherent than limestone and
is nsually obtained by scrancr or dragline. Blasting is not necessary
in many localities.,

Oyster shell deposits arc most economically obtained by a
dredge which scoops up the loose shells from the shell bank under
watcr. The dredge shells are load-=d on barges and transported directly
to users by barge or transshipped hHy other means. For some uses wash-
ing to remove traces of common salt is neccssary.

Limestone, caliche, or oyster sheolls are cheap materials,
available in many places. Hence they cannot be shipped great dis-
tances unless transportation is very cheap, except in the cases of
a few types that are very pure or desirable and cannot be duplicated..
readily.

In the postwar period limestone will be in great demand fop
several reasons. The cumulative shortage of housing must be relieyed.
Hence building materials including those derived from limestone wil}
be in demand at an increased rate. It is estimated that the abnormal}
need for building materials might be sustained for ten years (19) %/.
In Texas, agricultural liming agents are not used as extensively as in
other states. It is possible that the use of these agents will incrieaee
in Texas, provided farm income rerains at high levels. 'Industrial and
chemical uses of limestone or lime have increased in Texas in the last
years because of the newly established chemical and industrial rlants

1/ See reference in bibliography.



115.

of the region. There is a reasonable prospect that all major branches
of limestone use may expect substantial gains in the era after the
war.

Occurrence of Limestones in the Trinity River Tributary Area

The numerous limestone formations occurring in the Trinity
River tributary area are grouped according to their geologic ages.
Limestones of Ordovician, Silurian, Devonian, Mississippian, Pennsyl-
vanian, Permian, Cretaceous, and Tertiary age are present. The lime-
stone resources of the Trinity Rivery basin are limited to the northern
one-third of the drainage area. In the basin the limestone beds are
found in Pennsylvanian, Permian, Cretaceous, and Tertiary rocks.

Great thicknesses of limestone of Ordovician age are found
in the Arbuckle and ¥Wichita Mountains of southern Oklahoma. The 7,000~
foot Arbuckle group contains many beds of fairly pure calcium carbonate
particularly in the upper part of the section. The lower part of the
Arbuckle group is predominantly dolomite or magnesian limestone and
is treated under that heading. In addition to the Arbuckle group there
are limestones in the Simpson group and the Viola limestone in the
Arbuckle Mountains.

Limestone of exceptional purity occurs in the St. Clair
limestone of Silurian age in northern Sequoych County, Oklahoma. The
Chimneyhill limestone of Silurian age and the Hunton limestone of
Devonian and Silurian age are also present in the Arbuckle Mountains.
In the northeastern corner of the Trinity River tributary area the
Mississippian Boone limestone and the overlyine Pitkin limestone crop
out on the flanks of the Ozark dome. The Boone limestone is very
cherty except for the St. Joe limestone member at the base and the
Short Creek ocolite near the op of the Boone section.

Rocks of Pennsylvanian age in the Trinity River tributary
area contain many limestone beds. IneTexas the Pennsylvanian lime-
stone beds dip regionally a few degrees westward and are present on
the surface in two areas separated from each other by overlapping
Cretaceous sediments. In Oklahoma Pennsylvanian limestones are also
present in two areas.. The principal area is in the north-central
" part of the state and the remaining outcrops are the Wapanucka lime=-
stone south of McAlester and east of the Arbuckle Mountains.

The Pernsylvanian outcrops in Texas contain several lime-
stone layers, of which the important ones are:

Dennis Bridge limestone in Parker County, Texes; about 10 feet
thick

Palo Pinto limestone in Eastland, Palo Pinto, and Wise Counties;
about 50 to 100 feet thick

Adams Branch limestone in Brown County; about 10 to 30 feet thick

Merriman limestone in Eastland, Stephens, Palo Pinto, and Jack
Counties; about 20 to 175 feet thick '
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Chico Ridge limestone in "lise County: about 300 feet thick

Clear Creek limestone in Brown County; about 10 to 25 feet thick

Ranger limestone in Brown, Eastland, Comanche, Stephens, Palo Pinto
Jack, and Wise Counties, about 15 feet thick

Home Creek limestone in Coleman, Brown, Eastland, Stephens, Palo
Pinto, Young, and Jack Counties; about 10 to 50 feet thick

Bunger limestone in Young, Stephens, Palo Pinto, and Eastland
Counties; about 6 feet thick

Gunsight limestone in Coleman, Brown, Eastland, Stephens, Young,
and Jack Counties; about 2 to 25 feet thick

The more important limestone beds in the Pernsylvanian rocks
of north-central Oklahoma are:

Fort Scott limestone (Higginsville limestone and Blackjack lime-
stone), northeastern Oklahoma; 10 to 20 feet thick

Oologah limestone, splits north of Rogers County into Pawnee and
Altamont limestone; Pawnce, 20 to 25 feet thick, and Altamont,
12 feet thick

Lenapah limestone, northeastern Oklahoma; 8 to 20 feet thick

Hogshooter limestone, northeastern, central-northern, and central
Oklahoma; 5 to 19 feet thick

Pawhuska limestone, northeastern and central-northern Oklahoma;
divided i.to Deer Creek limestone; 7 to 10 feet thick, and
Lecompton limestone member, € to 14 feet thick

Foraker limestone, central-northern and central Oklahoma; 50 to
74 feet thick

Neva limestone, central-northern Oklahoma; 6 to 11 feet thick

The Wapanucka limestone which is near the base of the Pennsyl-
vanian crops out in two discontinuous areas, one in Atoka, Pittsburg,
and Latimer Counties, and the other in Coal and Johnston Counties. The
Yapanucka is 300 to 500 feet thick and variable in character; near
Bromide it is oolitic and extremely pure but .to the northeast it “ecomes
cherty.

Other limestones which are too thin or too impure for commer-
cial use in the area are the Tiawah, Verdigris, Checkerboard, Dewey
(or Belle City), Avant, Birch Creek, Labadie, Or=ad, Turkey Run, Bird
Creek, Stonebreeker, and Brownville limestones.

The Permiar outcrops which lie west of the Pennsylvanian
exposures, begin in Tom Green County, Texas, on the southern border of
the Trinity tributary area and extend northward to the Oklahoma-Kansas
border. In the southern part of the area, the Permian contains marine
limestone beds which increase in purity and thickness towards the south,
To the north the individual beds thin and pass into nomnmarine "red beds"
Still farther north, in northern Oklahoma, Pottawatomie marine limestone
beds again replace the continental "red beds". The southern transition
is rather abrupt and occurs chiefly in the latitude of Baylor County,
Texas. The most persistent of the limestones is a member of the Lueders
group, which disappears in northern Wichita County, Texas.
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The principal Permian limestones in Texas are:

Sedwick limestone in Coleman, Callahan, Shackelford, and Throck-
morton Counties; 15 to 60 feet thick

Coleman Junction limestone in Coleman, Callahan, Shackelﬁrdandnuncy
morton Counties; 3 to 20 feet thick

Elm Creek limestone in Coleman, Callahan, Shackelford, Throck-
morton, and Baylor Counties; 20 to 50 feet thick

Jagger Bend limestone in Throckmorton and Baylor Counties; 8 feet
thick

Talpa limestone in Coleman, Callahan, Shackelford, Throckmorton,
and Baylor Counties; 6 feet thick

Lueders limestone in Runnels, Coleman, Taylor, Callahan, Shackel=-
ford,Jones, Haskell, Throckmorton, Baylor, Wilbarger, and
Wichita Counties; averaging about 15 feet thick

The northern area of marine Permian rocks in north-central
Orklahoma contain & number of limestone beds. The more important
Permian limestone beds are:

Wreford limestone, central-northern Oklahoma; 25 to 50 feet thick

Fort Riley limestone, central-northern Oklahoma, (magnesian lime=-
stone); 8 to 10 feet thick

Winfield limestone, central-northern Oklahoma; 10 to 11 feet thick

Herington limestone, central-northern Oklahoma; 12 to 15 feet
thick

The Gray Horse, Red Fagle, and Cottonwood limestones are
other thin limestone beds of Permian age in central-northern Oklahoma.

A continuous cover of Cretaceous formations begins in the
south in eastern Brown County, extends northward to Ked River, and
then turns ecastward in southern Oklahoma into Arkansas. To the west
of this continuous cover in Texas there are outliers of the Cretaceous
formations among the high hills of the region, notably along the Calla-
han divide in Callahan, Taeylor, and Nolan Counties. In the High Plains
Cretaceous beds occur also around some filled sinkholes. Some of the
prominent limestones of the Cretaceous are:

Limestones in the Glen Rose formation in Bosque, Comanche, Erath,
Hood, Parker, Somervell, and Wise Counties, Texas; varying in
thickness from a few feet in the west to several hundred feet
in the east

Comanche Peak, Edwards, and Goodland limestones in a great many
counties in the Texas part of thc area; up to 100 feet thick

Georgetown limestone on the salt dome west of Palestine in
Anderson County, Texas.

Duck Creek limestone from McLennan County to Grayson and Cooke
Counties, Texas; 30 to 120 feet thick

Fort Worth limestone from Tarrart County to Grayson and Cooke
Counties, Texas; averaging about 30 feet thick

Main Street limestone from McLennan County to Grayson and Cooke
Counties, Texas; from 8 to 50 feet thick
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Austin, Ictor, and Gober chalk from McLernan County to Lamar
County, Texas; in some counties up to 700 feet thick. Austin
chalk occurs also on the Palestine and Keechi salt domes,
Anderson County, Texas, and Brooks salt dome, Smith Coeunty,
Texas

Pecan Gap and Annona chalk from Marlin in Falls County to Bowie
County, Texas; 10 to 250 feet thick .

The Goodlard limestone, 25 feet thick, is the most important
Cretaceous limestone in southern Oklahoma. Generally it is a pure
white, semi-crystalline rock about 25 feet thick. The Caddo limestone,
150 feet thick, and the Bennington limestone, 10 feet thick, are other
Cretaceous limestones in the Oklahoma part of the area.

Tertiary rocks crop cut east and south of the Cretaceous o' t-
srop area. However, limestone is rare in the Tertiary series and *“hose
limestones that do occur are usually of poor quality. Most noteworthy
is the Tchuacana limestone in Limestone, Navarro, and Kaufman Countics,
Texase It is 4 to 30 feet thick.

Reserves

The wide distribution of the limestones and thc great thick-
ness of some of the beds make it impossible to obtain an accurate esti-
mate of th: tonnage available. However, it is evident that the Trinity
Kiver tributary area contains very large reserves of this important
natural resource. The small outcrop of Georgetown limestone on Palestin
salt dome, Anderson County, Texas, was estimated by McCammon (18) <o -
contain at least 100,000 tons.

Producing Companies

Companics and location of quarries producing limestone or
lime in the Trinity River tributary areca are given beloew. As some of
the cement plants and producers of building stone, riprap, crushed
limestone, and rsilro=nd ballast are also potential or actual producers
of limestone or lime as discussed in this chapter, they are included
in the list.

Location of Quarry, or

Name of Company and Location of Plant Other Source of Supply
Austin Contracting Comvany, Denison, Oklahoma
Texas
Dallas Lime Comwany, Dallas, Texas Dallas County, Texas

_ Fex-Cotton Building and Veneer Stone Jones County, Texas
Compnany, Lueders, Texas



Hall Bros. kock Crusher,
Brownwood, Texas

Kelley Stone Company, Lueders,
Texas

Lone Star Ce—ent Corporation,
Dallas, Texas ‘

R. 7. McKinrey, Nacogdoches,
Texas

Morgan Construction Company,
Dallas, Texas

Southwest Stone Company, Dallas,
Texas

Trinity Portland Cement Company,
Dallas, Texas

Universal Atlas Ccment Company,
Waco, Texas

Hest Texas Cut Stone Company,
Lueders, Texas

Bromide “hite Lime Company,
Bromide, Oklahoma

St. Clair Lime Company, Sallisaw,
Oklahoma

Pedro Simpkins, Ada, Oklahoma

S. L. Underwood & Sons

Updegraff Sand and Stone Company

N¥ittmer Stone Company

119,

Brown County, Texas

Jones County, Texas

Dallas County, Texas

Somervell County, Texas

Erath County, Texas

ise County, Texas

Dallas and Tarrant Counties,
Texas

McLennan County, Texas

Jones and ° fhackelford
Counties, Texas

Johnston County, Oklahoma

Sequoyah County, Oklahoma

Johnston County, Oklahoma

Jones County, Texas

Woods County, Oklahoma
Kay County, Oklahoma

Producers of oyster shells from Galveston Bay are:

The Champion Paner & Fiber Commany, Houston Division, Houston,

Texas
W, D. Haden, Beaumont, Texas

#. L. Jones & Son, Fouston, Texas

John M. Kilgore, Anahuac, Texas
Pa: cer Brothers, Pelacios, Texas
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Production of Lime

(Total Texas Production)

The following data represent production for the entire State

of Texas. Production in the Trinity River tributary area is possibly
about one-half of the total.

S.

Lime, Including Quickline

and Hydrated Lime Hydrated Lime

Year Short Tons Value Short Tons Value

1935 38,863 362,636 20,749 195,969
1936 51,281 470,510 22,968 238,978
1937 49,135 440,069 24,415 226,271
1938 49,352 429,664 24,264 235,445
1939 62,048 524,748 23,735 221,476
1940 4,274 543,130 22,822 231,459
1941 77,783 632,099 27,415 262,349
1942 67,377 559,279 23,355 225,039
1943 132,167 1,034,355 32,308 304,244
1944 94,923 757,141 35,075 332,657

Deta from United Steates Jurecu of L.inese
Statistics for the »roduction of lime in Oklahoma are not availablee.

For statistics on the production of crushed limestone and dolomite,
see Chanter on Building Stone.

Bibliography

Adkins, W. S., Geology and mineral resources of McLennan County,
Texas: Univ. Texas ull. 2340, 202 pp., 1923,

Baker, C. L., Limestonc and dolomite, in The Geology of Texas,
Vol. II, Structural and economic geology: Univ. Texas Rull. 3401,
p. 235, 1934 (1935). .
Beede, J. /., and Bentley, W. P.; Geology of Coke County, Texas:
Jniv. Texas Bull. 1850, 80 pp., 191R.

Beede, J. /., and Waite, V. V.; Geology of Runnels County, Texas:
Univ. Texas Bull. 1816, 64 pp., 1918.

Broman, I. J., Report on road metals investigation as a part of a
mineral resource survey in Limestone County, Texas: Univ. Texas,
Bur. Eco. Geol., Min. Res., Surv, Circ. 7, 4 pp., 1936.



9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Bybee, H. P., and Bullard, F. M.; Geology of Cooke County, Texas:
miv. Texas Bull. 2710, 61 pp., 1927.

Criswell, D. R., Geologic studies in Young County, Texas: Univ,
Texas, Bur. Eco. Ceol., Min. Res. Surv. Circ. 49, 5 pp., 1942,

Dallas Petroleum Geologists, Geology of Dallas County, Texas,
134 pp., 1941.

Drake, N. F., Report on the Colorado coal field of Texas: Univ.
Texas Bull. 1755, 75 pp., 1917.

English, S. G., Dott, R. H., and Beach, J. O.; Limestone analyses,
Okla. Geol. Survey Min. keport 5, 1940.

Evans, G. L., Feport on the mineral resources of Baylor County,
Texas: Univ. Texas, Bur. Eco. Geol., Min. Res. Surv. Cirec. 31,
pPp. 7-11, 1941. )

Gould, C. N., Preliminary report on the structural materials of
Oklahoma, Okla. Geol. Survey, Bull. 5, 19ll.

Green, D. A., Major divisions of Permian in Oklahoma and southern
Kansas, A. A, P. G. Bull, 21, pp. 1515-1533, 1937.

Benderson, G. G., Geology of Tom Green County, Texas: Univ. Texas
Bull. 2807, 102 pp., 1928,

Hopper, The; Wapanucka oolitic limestone, Okla. Min. Ind. Conference,
Okla. Geol. Survey, pp. 46, May 1945.

Lamar, J. E., and Willman, Hs B.; A summary of the uses of limestone
and dolomite: State of Illinois, State Geol. Survey, Report Inves-
tigation 49, 50 pp., 1938.

Lee, Wallace, and others; Stratigraphic and paleontologic studies
of the Pennsylvanian and Permian rocks in north-central Texas:
Univ. Texas Publ. 3801, 252 pp., 9 pls., 1938.

McCammon, J. H., Report on fluxing limestone at Palestine salt dome,
Anderson County, Texas: Univ. Texas, Bur. Eco. Geol., Min. Res.
Surv. Circ. 44, 2 pp., 1942. .

Mineral © Yearbook, U. S. Dept. Interior, Bureau of Mines, 1934-1943,
incl.

Moore, R. C., Correlation of Pennsylvanian formations of Texas and
Oklahoma, A. A. P. G. Bull. 22, 1936.

Nickell, C. 0., Report on mineral resources survey of Erath County,
Texas: Univ. Texas, Bur. Eco. Geol., Min. Kes. Surv. Circ. 26,
3 pp., 1939.



22.

23.

25,

26,

27,

28.

29.

30.

31.

12 .

Patton, L. T., Geology of Potter County, Texas: Univ. Texas Bull.
2330, 180 pp., 1923.

Plummer, F. B., Cenozoic systems in Texas, in The Geology of Texas,
Vol. I, Stratigraphy: Univ. Texas Bull. 3232, p. 539, 1932 (1933).

Plummer, F. B., and Hornberger, Joseph, Jr.; Geology of Palo Pinto
County, Texas: Univ. Texas Bull. 3534, 240 pp., 7 pls., 1935 (1935).

Scott, Gayle, and Armstrong, J. M.; The geology of Wise County,
Texas: Univ, Texas Bull, 3224, 77 pp., 2 pls., 1932,

Sellards, E. H., and Evang, G. L.; Index to mineral resources of
Texas by counties: Univ. Texas, Bur. Eco. Geol., Min. kes. Circ.
29, 22 pp., 1944.

Shuler, E. Y., Geology of Dallas County, Texas: Univ. Texas Bull.
1818, 48 pp., 1918,

Thoenen, J. R., Undergrourd limestone mining: U. S. Bureau of Mines
Bull. 262, pp. 96-97, 1926.

Whitcomb, Bruce, Report on mineral resources of Anderson County,
Texas: Univ, Texas, Bur. Eco. Geol., Min. Kes. Surv. Circ. 22,
5 pp., 1939.

Winton, W. M., Geology of Denton County, Texas: Univ. Texas Bull.
2544, pp. 41-44, 1925,

Winton, %. M., and Scott, Gayle; Geology of Johnson County, Texas:
Univ. Texas Bull. 2229, 68 pp., 1922.

Winton, W. M., and Adkins, W. S., Geology of Tarrant County, Texas:
Univ. Texas Bull. 1913, 122 pp., 1919.



123,
PHOSPUATE ROCK

A. L. Jenke, Urited States Ceolonical Survey

Phos»hate roclk is founc in the Trinity River tributary area
ol Texns and O-lahoma but cue to their low grade, small size, and loca-
tion, no atterints have been made in the past to exnloit the denosits.
Roclkk nhosphate is not a mineral but rather a mixture of cryptocrystal-
line er arorphous nhosnhates of Ca, Al, or Fe in sedimentary rock.
Yormally it contains 25 to 35 percent of P205 and 40 to 50 percent
of CaO.

Phosnhate in .the Tririty River tributary area is found dis-
. seninated threourhout shale beds or as discrete nodules and irregular
corncretions in limestone, chall, and shale beds. The nodules usually
s:ow concentric structure and their shapes may be almost spherical,
ovoid, flat or rcunded (nlate-like). Ther vary . size from a few
millirmeters to 3 or ¢ inches in cdiameter. Yhen nure, the nodules are
vhite to ver:;s li~ht-erey; ther are soft, and fracture readily.

Thoesnhatic rock finds its pgreatest use in agriculture, where
its Tunction is to add »hosnhorus to soil deficient in this important
lile-rivines clenent., Other immortant uses are in the manufacture of
stoc!: and nouliry feeds, elemental nhos»horus , phosnhoric acid, and
& number ol other »hosohorus chemicels., Rock phosnhate is often’
trected witl sulphurie acid to produce suver-phosphate which is much
rere soluble than the untreated material and can be assimilated more
readily by -lerts,

Tl:e »hos-horus content ol rock nhosphate is usually expresse
in teis of -~hos lorus pentoxide (P205), and the grade of the marketec
nroduct is expressed in terms of bone vhos»hate of lime (B.P.L.), whicl
refers to ihe theoretical nercentage of Caz(PO4)2 in the material. To
be accentable as e fertilizer, rocl phosHohate should contain at least
50 percept E.P.L. Coivercial Florida rock nhosnhate averages 78 to
83 nercent C.P,L,.

Occurrence »of IMiosnhate Rock in the Trinity River Tributary Area

Occurrence in the Trinity River Basin

Sr:all amounts of phosphatic material in the form of nodules
in conglorerete becs are found in the basal sections of several Upper
Creteceous formations that crop out in the Trinity River basin. Loecal-
ities in wiiich »hosphatic nodules are found in the basin are: (1) in
Tarrant Courty, one mile northeast of Tarrant Station, where the nod-
ules are in the base of the Eaple Ford shale; (2) in Dallas County,
in the Texas Portland Cement Company quarry 3 miles :st of Dallas
at the base of the Austin chall; (3) in Ellis and Hill Counties,
vhere a nhesphatic conrlomerate at the base of the Taylor marl can be
traced in outcron; (4) in Collin County near Lavon, where nodules are
found in tho basal part of the Pecan Gap chalk member of the Tayvlor
nerl; and (5) in l'aufman Courty near l'aufnan, where phos»hatic nodules



and glauconitic sand are present in the basal portion of the Navarre
group.

In acdition to the occurrences mentioned, there is a persist.
ent, but thin, bed of small phosphatic nodules at and near the base of
the Kincaid formation of the lMidway group of Lower Eocene age, In
the Trinity River basin the contact of this formation with underlying
Unper Cretaceous sediments can be traced from north to south through
Kaufman, Henderson, llavarro, and Limestone Counties and offers a local
potential source of low-grade phosphatic rock. In Bexar County, out-
side the Trinity River tributary area, greensand containing nhosphate
nodules has been produced from the Kincaid formation and used as a
soil conditioner,

The ifeches rrecnsand member of the liount Selman formation
(Socene, Claiborne groun), is found in Anderson, Nouston, and Leon
Counties, It has been su;rested that the greensand might contain
enough phosnhorm* to justify its use as a fertilizer, Texas laws
do not allow greensand to be sold as a fertilizer, but farmers may
mine and use it themselves, Crecnsands also occur in the lower part
of the Reklaw membe:i of the llount Sclman formation and in the basal
Crockett nmomber of the Cook llountain formation. The Reklaw is mapped
in Hlenderson, Anderson, I'reestone, and Loon Counties in the DBasin,
and the Crockett is mapped in Ilouston and Leon Counties.

Occurrence of Phosphate Rock Outside the Trinity Rivor Basin

Outside the Trinity River basin nhosphate is found in small
amounts in the VVichita groun of Permian age, in Upper Cretaceous rocks
and in the basal llidway end Claibornc beds mentioned above. In the
vicinity of Sherman, Grayson County, phosphate nodules occur in the
so-called "Fish Bed Conglomcrate", at thc base of the Austin chalk
or the top of the Eagle Ford shale; in the lMcLennan County extension
of thc phosphatic conglomerate in the basc of the Taylor marl; in
Delta County near Pecan Gaps; and in Hunt County near Violfe City,
where phosohate is found in the base of the Pecan Gap member of the
‘Taylor marl.

In the Trinity tributary area of Oklahoma thc more important
occurrences of nhosphate are in threc reneral areas: northeastern
Oklahoma, the Arbuckle lountain area, and easte-central Oklahoma,

In the northeastern part of the state, the Fort Scott lime-
stone of thec Ilenrictta group of Pennsylvanian age has & middle black
shale phase containing phosphate concretions. The outcrep of this
formation crosses Rogers and Tulsa Counties. The Pavmec limestone,
also Pennsylvanian in age, can be traced through Rogers and Tulsa
Countics just west of thc Verdigris River. This formation also has
a middle black shale bed containing black nhosphatic nodules.

The Pennsylvanian Horshootcr limestone of the Drum group,
cropping out in a general north-south direction across Tulsa, Osage,
Creek, and Okfuskee Counties, has a thin basal bed which contuins
phosphatic concretions in all its outcrops.
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3 The Svlamoro sandstone member of the Chattanooga shalo
(Devonian ?) crons out in thc northcrn part of Cherokeoe County and
contains phosrhatic material in thc form of pebbles and grains.

In tho Arbucklc llountain areca, phosphate nodules are found
in the blaclk shales and chorts of thc Devonian Woodford chert. A
persistent bed of grecnish-ycllow clay, 6 to 8 inches thick, and con-
taining phosphate nodules is found at the contact of the Voodford
chert and the overlying Sycemore limestone which is Mississippian in
are. Vhere the Voodford chert is ovcrlain by the Welden limestone
(1"ississippian), t“c phosphetic bed averages about 5 fcet in thick-
ness, The Yoodford chert crons out in Pontotoc, lurrey, Carter,
Conl, rnd Johnston Countics. Some detailcd work has bcen done in the
arca south of Ada in Pontotoc County on the phosphate occurring in the
upncrmost portion of the Woodford chert., There the nhosnhate is found
in & residual band 60 fect wide and 1 foot thick bencath the weathored
edrc of th:» overlying licldon limestone,

Phosnhrtic nodules and plates arc recorded in two outeorops
in what is probebly the Bogzy shale of lPennsylvanian age. The local-
itics mentioned are within 2 miles of one another and are near Brooken
in Faskell Countv in south-central OQOklahoma.

Another occurrence of nhosphate is known in the extreme
southeast corner of Cotton County, where the material is found as nod-
ules in a red shale bed in the Permian Wichita formation,

Other occurrences of nhosnhate rock are found in Jackson,
LeFlore and llcIntosh Counties, These deposits are eithcr of viry low-
grade or arc relatively unknovm,

Economic Aspects and Reserves

I'o nhosnhate rock has been nroduced in the Trinity River
tributery area of Texas or Oklahoma, and it is likely that none will
ever be nroduced excent nerhaps [or local use, as all lmown deposits
are too low in grade to comnete with the Florida, Tennessee, Idaho,
or l'ontana nhosphates. Iowever, it is possible that in the Trinity
River basin the ileches pgreensand or the Iincaid beds might furnish e
locel sunply of rock suitable for use as a fertilizer. liost commer-
cial fertilizers employ a "filler". Clauvconite could be used for
this nurpose, and the lleches ard l'incaid glauconites might find use
in this vy,

In O:lahoma the most pronising occurrence is the Hogshooter
limestone. Althourh the phosphorus content is low, this formation
is revnorted to be & rood source of agricultural lime and any »hos»hatic
materiel which it contains would enhance its value as & soil condi-
tioner. The bed of phosphatic shale at the top of the lioodford chert
south of Ada has been mentioned as a possible future local source of
ohosphate rock, especially where weathering has concentrated the
nhosphate nodules. The tonnapre of weathered material, however,
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probably does not exceed 3,000 tons, averaging ebout 20 percent P20s.
Durinr the sumner of 193€, the Aprricultural IExperiment Station of the
Oklahoma A. and li. College, began testing Olllahoma phosphates under
actual growing conditions. l'either the résults of the tests ror the
source of the phosphate are lnown,

The reserves of low-rrade phosphate deposits in the Trinity
River tributery area are probably very great and some of the deposits
night be exploited for local consumption in future years. The tremen-
dous reserves of high-grade phosnhate rock in Florida, Tennessee, Idahc
and llontana make the large-scale develonment of the Trinity deposits
most unlikely.-
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Portlend Cenment laterials
D. 1., Kinmey, United Statos Geological Survey

Portlend cement is the nost importend and most widely manu-
Tacturcd of the hydraulic cement materials in use tocay, It is an
agpresate of coimlex chemical compounds fornmed by calcining to incip-
icnt fusion a carefully blended rixture of celcareous, siliceous,and
aluminous rocks., Vhen ground to flour-fineness this calcined mixture,
or sinter, is Portland cerient. Thc raw materials that mo into the
rnanulacture of Portland cement ore limestone and shale; both rocks
arc abundent in the Trinity River tributary area of Texas and Oklahome
The tributery erea also nossesscs gynsum, cnhydritc, bentonite, vol-
canic ash (»umicitc), end iron orc, which arc utilized to a minor
ortent in Portland cement manufacture. The Portland cement industry
has assumcd major -ronortions in Tcxas but only one plant is operated
in the Trinity River tributary arca of Oklahoma,

Portland ccment ma;r be manufactured by fusing crushed ceoment
rocl:;, & clevey lirecstone containing betwecn 68 and 72 nercent calcium
carbonate, 1C to 27 percent clay, and less than 5 percent magnesium
corbonate, or by fusin~ a nixture of limestone, shale and minor con-
stitue~ts which have been blended in the correct =»roportions. Cement
rock, elthou~i widely used in the caster:a United States, is rare in
the Trinit; tridutarr area vherc Tortland cerent is made by fusing a
nix+ture of the raw »rocucts,

Limestone used in the ranufacture of Dortland cerment must
contain at least 75 percent Cal0Oz, and less than 7 percent marnesium
carbonate, Other cclcareous materials such as merl, chalk, and shell:
may be substituted for crrstalline limestone in the ranufacture of
Portland cement. Chall: is widel;- used in the Portland cement industr;
in Texas.

The alurinous and siliceous elements required for the manu-
facture of cenent are obtained from clay or shale. Clay or shale
suitable for use in the manufacture of “ortland cement must contain
betwee~ 55 end 65 nercent silica, and the alumina plus iron oxide
should average between 1/3 and 1/2 the silica. The shale must be low
in mernesium carbonate, gimsum or anhydrite, iron sulphides, and alka-
lies. TIree silica in the form of sand or chert is objectionable in
any cevent material because it does not combine vith the lime when
the nixture is colcined,

Ilining l'ethods and Processing

Tortland cerent raterials are usually nrocuced in large,
highly mechanized quarries. The are then crushed, dried, and passed
on to tliec srinding mill where the} are ground, mixed, end pulverized.
The oroportion of limestone to shale or clay in a mix is not fixed
but depends entirely upon the chemical commosition of the constituent:
If the limestone is pure (90 percent CaCO~ or more) and the shale is
essentielly a hydrous alumimum silicate free from impurities, the
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limestone to shale ratio will be rouchly threec to one., Variation in
snecifications cemanded by the consumer also greatly affects the pro-
nortion of the raw rmaterials,

The mixed and nulverized material is then caleined to incip-
ient fusion in 2 rotaryr kiln at a temperature of about 1550° C.
(2822° F.). The kiln may be fired by coal, oil or gas, all of which
are abundent in the Trinity River tributary area. The clinker or
calecined procuct as it comes from the kiln is in small, glassy,
grecenish-black lumns., After cooling it is ground and pulverized.
Gypsun, uscd to retard the setting time of the cerment, is added be-
tween the grinding end »ulverizing. Portland cement is sold in bulk
by the carload, in wooden bearrcls weighing 376 pounds, or in 94-pound
bags,

Uscecs

Portlrnd cerent as an ingrecdient of concrete is second only
to structural stecl in importance as & construction material. The
more important uscs of concretc are in thc construction of hichways,
dans, nicrs, ond foundoations. DNeirnforced with stcel it is uscd in
tiic construction of buildings, tridges, and tunncls., Portland cement
is elso us.d as ¢ mortar, »lastcr, and stucco.

Tlcononic Asnects

aaw nmaterials suitadble .or the manufacture of ceient are
abundant throuchout the countr:. /s cement nlants require a large
initial investment and must operate on o relatively larpge scale to
be successful, the choice of a nlert site is dependent not only on
an adequate source of rawr meterials, but alsc on the accessibility
to centers ol »onulation. A sunply of cheap fuel is another deter-
mininc factor. Cement nlents are usually near large cities and the
nerlet for a2 riven nlant is limitec by the location of other plants,
The construction and repair of hirhways, buildings and dams, following
the restricted building curing the war period, should bring about
creet activity in the Portland cement industry in nostwar vears,

Cccurrence of Cerment l'aterial in the Trinity River Tributary Area

Trinity River Basin

he Tarle Ford shale end the overlying Austin chalk of Upper
Creteceous are ere the most important sources of lortland cement mate-
rials in the Trinity River basin; rar meterial from these {ormations
is be'ng used by the lLone Star Cement Company end the Trinity Portland
Ce:ent Commany, vhich are located just west of Dallas in Dallas County.
In the Trinity basin the contact betiwreen the Dargle Ford siiale and the
Lustin chall: can be traced southward through Crayson, Denton, Collin,
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Dallas, Cllis, rnd ITill Counties. In the Palestine salt dome about

8 miles west of Palestine, Anderson County, the Austin chalk and the
Zarle TFord shale crop out at the surfece., It has bern sugrested that
the Palestine dome micht be & source of Portland cement materials,

A second »nlant of the Trinity lPortland Cement Company,
located just north of the city lirits of Fort ‘Jorth, is using lime-
stone from the Duck Creel formation and shale from the underlying
“iamichi formation, both of which are of Lower Cretaceous age. A
zzolinitic clay from the Simsboro sand member, Rocl:dale formation,
vilrox group of Lower Locene are, is mined in Freestone County and
is shipped to Ilouston wiere it is mixed with oyster shells and manu-
factured irto white cement, '

Occurrences of Cement llaterials Outside Trinity River Basin

Elsewhere in the Trinity tributary area, but outside the
Trinity River basin, the contact of the Austin chalk on the Eagle Ford
shale can be traced northeastward through Grayson and Fannin Counties
and southwestward through I'i11 and lcLennan Counties, Texas, In
IicLennan County the rock is quarried from these beds a few miles south:
west of ''aco for use in the Universal Atlas Cement Company plant there.
Kaolin and !zaoliritic clay in the Simsboro sand member of the Rockdale
formation also is found in Limestone and Robertson Counties, Texas,
Orvster shells, dredped from the coastal bays in Texas are used as a
source of lime by cement nlarts in the louston area, Galveston Bay
is well suonlied with extensive deposits ol oyster shell.

Oklahoma is well sunnlied with limestone and shale suitable
for Portlend cement manufacture. Six main limestone areas are recog-
nized: (1) northeastern, (2) north-central, (3) southern, (4) Yapa-
nucka, (5) Arbuckle lountain, and (G) Wichita lHountain.

The northeastcrn area includes Cherokee County and the east-
ern part of llayes County., Limestone suitable for Portlend cenent manu
facture in this area is the Upner Ordovician Fernvale limestone of the
Richmond group, the St. Clair- limestone of 3ilurian are, the Boone
and Pitkin limestones of liississipnian age, and tho Morrow formation
of Pennsvlvanian are. For the most part, the Boone is too cherty for
use as Portland cement material but the basal member of the Boone, the
St. Joe limcstone and the Short Creek oolite member in the unner part
of the Boone, are high-calcium limestones.

The eastern half of Kay County, the western nart of Osage
County, and almost all of Pawnee County comprise the north-central
area. Roclzs suitable for Portland cement are the Wreford, Florence,
Fort Riley, and Winfield limestones in the Chase group of Permien age,
and the larrington limestone of the Sumner group, also Permian in age.
In Pavmec and Osage Counties suitable limestone beds are found through-
out Cerboniferous end Permian strata, In Pawnee County the Stone-
breeker limestone momber of the Buck Creek formation, the Brownsville
limestone of the ‘aubaunsee group, and the Red Eagle (?) limestone
member of the Elmsdale formetion, all of Pennsylvanian age are high-
calcium limestones,
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The southern area includes an east-west band of Cretaceous
rocks cropnine out south of the Arbucklo and Ouachita liountains. The
most immortant Portland cement rock in this area is the Goodland lime-
stone of the Fredericksburg rroup which is Lower Cretaceous in age,
Its outcron extends from Love Countr through lMarshall, Johnston, Atoka,
Prvan, Choctaw, and lcCurtain Counties. The Goodland limestone is
overlain by the Viamichi formation which contains shale suitablo for
Portland cement menufacture,

The ‘ifapanucl:a area in Atoka, Coal, Johnston, Pittsburg,
Pontctoc, and Latimer Countics includes outcrops of the Pennsylvanian
\’apanucka limestone which is an important source of lime and crushed
roclz, marticularly ncer Dromide in Johnston County. An underlying
shale is suitable for cerent manulactuce,

The Arbuckle !‘ountains occup;” all or part of Carter, Johnsto
Iurray and Pontotoc Counti:s and contein great thicknesses of limeston
suiteblc for the manufacturc of Portland cemcnt. These rocks include
the Arbucl:le lirecstonc of Cambro-Ordovician age, thc Simpson group and
Viola limestonc both Ordovicien in age, the Hunton limestone which is
Silurian ond Devonian (?) in ere, and the ilississipnian Sycamoro lime-
stonc, The Simmson group contains sheale beds well adanted for usc as
rav mnterial in Portland cemcint monufacture. The Ordovician Sylvan
shale crops out in Pontotoc Countyr and is used, together with the
Viola limestone, in the nmanufecturc of Portland cement in the vlant
of the Olahome Portland Cemcnt Comneny at Ada.

In thc Wichita llountain rcgion of Caddo, Comanchc, end
Kiowe Counties, limestone suitable for Portlend cement manufacture is
nrcsent in the Arbucklc and the Viola limestones. The lattcr is con-
fincé to a few isolatud hills,

The Boone and Pitkin lirestones in lluskogee and Sequoyah
Counties, the St. Clair limestone in Sequoyah County, the IFort Scott
limestone in Rogers County, end the Oolarah limestone in Tulsa and
Rogers Counties, are suitable for lortland cement manufacture and
are ac‘acent to cla: or shale deposits,

Neserves

The reserves of rocl: suitable for the manufacture of Portlan
ceirent in the Trinity River tributar;r area are pgreat. These raw mate-
rials, together with a nlentiful supply of gas, o0il and coal for fuel,
make the area one of the greatest notential producers of Portland
cenient in the country. Actual increases in »roduction are thus depend.
ent on, and linited by, increases in local population and demand,
rather than on rew materials,
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Portland Cement Plants in Trinity River Tributary Area

Location of Quarry

Texas
llame of Company Location
Lone Star Cement Corn. _ Cement City.
Trinity Portlend Cement Co, Eagle Ford
Trinity Portlend Cement Co. Fort Worth
Universal Atlas Cement Co. Viaco
Olzlahoma

Olahoma Portland Cement Co, Ada

Dallas County
Dallas County
Tarrant County
licLennan County

Pontotoc County

Production of Portland Cement
in the Trinit:” River Tributary frea

Cement Produced

Year (In bbls, of 376 lbs,)
1935 2,632,283
1036 3,666,078
1037 4,039,132
1938 3,534,351
1939 3,768,781
1940 3,568,939
1941 4,721,985
1942 6,016,117
1943 5,443,278
1944 2,875,770

*Data from United States Dureau of !'ines
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RAW MATZRIALS USED IN THE

Year

1935
1936
1937
1938
1939
19

1941
1942
1943
19LL

Limestone

709,234

946, 780

952, 328
1,254,132
1,608,331
1,502,423

814,371

(In Short Tons)

Shale Gyosum
119,571 17,967

No Information Available
Jo Information Availasble

163,432 23,764
Ho Information Available
169,961 23,923
230,553 30,719
249,785 38,823
226,429 34,038
112,612 19,821

*Data from United States Bureau of Mines

Iren
Ore

3,578

5,368
2,354
1,391
4,932
, 3606

Sand

10,402

6,507
13,980
23,051
29,872
20, 854

MANUFACTURE OF PORTLAND CEMEZNT IN THE TRINITY RIVER TRIBUTARY AREA

Mill Oyster
Scale Shells
735

1,586 1,251

Cinders

273
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32D ATD CRIVIL

D. I's Iinney, United States Geoloricel Survey

Sznc end cravel are reletively abundent throuchout the Trinity

River tributary area end in totel "earlv tonnage excecd all other natural
resources with the coxce-tion of wetroleun ﬂroducts. Ls ingredients of
concrete arrrecate, sand end rravel have nlaved an importent part in the
erection of the larpger buildinrs of the cities and the development of a
fine rocd system; rreact quantitiecs of sand and rravel are also mixed with
asphalt to form nacadar surfaced roads or used without binders on unin-
nroved roads,

Thie terms sand and gravel do not have precise usage in commercia
practice; in one classification sand ranges from 1/16 rm. to 4 mm., in die-
nmeter end crevel from 4 mm, to 64 ru, (apﬂrox1mate1v 2 1/2 inches) in
diameter., Another classification gives the sand range from 200 mesh to
1/4 inch and rravel from 1/4 inch to 3 1/2 inches. By definition, sand
and gravel must be unconsolidated granular material, Sand is formed
chiefly of the rost resistant of the common rock forming minerals, quartz,
but it mar contein significant cuentities of less resistant rocks like
limestone and marl derived from local sources., As a general rule gravel
is composed rostly of quartz and igneous rock pebbles, but in many local-
ities in the Trinity River tributery area the nebbles are dominantly of
limestone derived from formations cropning out in the area. An ironstone
rrevel, used leccally for road metal, is formed from the weathering of
certain Tertiarv formation in Texes,

The »rincipal use of send and gravel is in concrete aggregate
and road mctal; more than €2 wercent ol the total Trianity River tributary
area outnut is usod in this manner for buildinrs and naving. Anﬁroxlnatcl
15 nercent of the total Trinity ..iver tributary erca outHut is used for
railrocsd ballast, The remaining 3 percent includes the outnhut of glass
sand, moldinr sand, grinding °nd polishines sand, engine saad, filter sand,

ard other snecialized uscs of sand and cravel.

Jancd and rravel LC’OSltS arc worlied by a number of methods or
corbination of methods usin~ e ~roet veriety of equinment. The method or
combination of mcthods uscd vary with the size of the cdenosit, thc tonnage
requiraments of the operation, the distence to the nrocessing nlent, the
available wator supnly, the available transportation, the nhysical charac-
teristics of the de-nosit (the actual thickness of the gravel or sand-beari
bed, thc amount of ovorburden, and the presence of large boulders with the
sand end rravcl), and the nersonal cxnerience and equinment available to
the oncrators. Somc of the common equipment used for excavating sand and
gravel arc »ower shovels, draglines, cxcavator cranes, dinnmer dredgos,
ladder drcdges, hVﬂroullc dredges, and hvdraulic giants,

I'lorc than 70 nercent of the sand and gsravel output of the United
Statcs is processed by washing and size sorting beforc it is marketed.
Specificetions for the various grades of sand and gravel are today becomin
more rigid and a greater nrodortion of preparcd sand will probably be used
in the future. Tho only large uscrs of unprocesscd sand and gravel are
the nmunicin»nal, county, and state rovernments for use on secondary roads.
Dquioment required for the pronaretion of sand and pravel for the market
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are crushers, screcns, clocvating machinery, and an adequate supply of
watcr for washing, The nlants mer be located at the site of a large
denosit or in somc cases, thc run-of-pit matcrial may be hauled to a
ccntrally located »nlant from a number of small pits, Small deposits
may also bc worled by small washing nlancs which can be dismantloed and
moved when the deposit is cxhousted.

Sand and gravcl arc bulky, chean comnrodities that can stand
only limited tra=nsnortation charges and, as thc matcrial is present in
abundancc along almost every major stroem, any pit that is not oncrating
at pcak officiency could, or would, be abandoncd in favor of a morc profit
able development, OSincc tlic most imnortant use of sand and gravel is in
the preparation of concrete apgregatc for buildings and pwvoment, the
grecatest demand for this matcrial is ncar centers of nopulation., Near
large cities a sand and grovel pit may be very valuable while a similar
nit in e sparscly scttled arce may be almost worthless,

Occurrence of Jand and Gravel in the Trinity River Tributary Area

Ir the Trinityr River tributary area sand and gravel occur as
recent deposits in the [locd plains of the major streams and their tribu-
teries, as river terrace de-osits of Pleistocene or Pliocene age raised
40 to 100 feet above the nresent stream level, as unconsolidated sand and
gravel denosits carnins interstream divides, and as Tertiary or older
unconsolidated geoloric formations. The orincipal sources of commercial
construction sand and gravel are the flood=nlain. and terrace deposits
along the larger streams, 2lthough large quantities of material for
count) and state roads are nroduced from other types of deposits.

Sand and Gravel in the Trinity River Basin

The most extensively develoned sand and gravel deposits in the
Trinity River Basin are in the flcod plain of the Trinity River between
Fort ‘Jorth and Dallas, The denosits occuny well defined areas, commonly
ellintical in shape, surrouncded by dark clay and loam. The deposits are
variable in thiclmess; most denosits averare 15 feet in thickness and
thicnesses of 35 feet heve been renorted. Overburden removed may range
from 4 to 12 feet. Individual deposits may contain as much as 2,000,000
cubic yards of material. Devosits near TFort l'orth contain a higher pro-
nortion oi gravel to sand than the denosits [urther dovmn stream, but even
in the Tort 'forth-Dallas area, sand is produced in considerable excess of
demands and the material is stock »iled at the gravel nit. Good gravel
denosits in the I'ort Worth-Dallas area are becoming increasingly hard to
find and consequently more valuable,

Gravel and sand denosits above Fort lorth and Dallas are being
vorlzed on Denton Creck in southern Denton County and on the Clear Fork
of the Trinity River southwest of Fort Vorth in Tarrant County. One
denosit near Dowie in I'ontague County is on the interstream divide betweer
Denton Creeck, a tributary of the Trinity River, and the Red River.

Gravel and sand denosits below Dallas on the Trinity River are
beinge worked south of Crandall in Keufman County, east of Ferris in
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Ellis Countr, at Trinidad in 'encderson Count:, and at Romayer and Ravburn
in Liberty County. ['or the most part thé¢se devosits are on old terrace
denosits slizhtl:r above all but the hirhest flood waters. The deposits

in Libert;” Countv are especially valuable as they are located near Hpustor
on the Coastal Plain w!ere coarse gravel denosits are very rare, The
Liberty County denosits nroduce a great excoss of sand over gravel,

Sanrd and Gravel in the Tributary Area Outside the Trinity River Basin

Send and gravel devwosits have becn worked along the Arkansas,
Canadian, Cimarron, lashite, and Red Rivers in Oklahoma and the Colorado,
Brazos, Trinity, and Red Nivers in Texas., Some of the deposits are in
the flo.. vlains of the rivers but the majority are river terrace deposits
of Pleistocene or Pliocene are. Frequently as many as lfour terrace depo-
sits can be recognized. The highest terrace is believed to be Pliocecne
in are and freguently it is very noorly nreserved., The lowest terrace
is just above the level of the flood plain and is believed to be of Pleis-
tocene arc, Thc intermcliate denosits are renerally well preserved and,
ir vart, strirmed of their sedi:entery cover, making them casily developec
The terracc denosits may be »eired on opnositc sides of the strcam, or a
deposit on onc side may have no countermart on the othor,

The terrace devnosits are composcd of clay, silt, sand and grave:
corzonl:r cemented with varring arounts of caliche and may be as much as
60 feet thick, Crawvel ir the terraccs is more abundant ncar thc base of
the denosit, The rravels arc formed of the more resistant rock materials
esnccially quartz and isneous roclis, although limestonc fragionts derived
from thc uncerlving rocl”s arc avundant in placcs,

In many pnlaces uncensolidated sand and pgravel deposits cap
intcrstrcan divides, Thesc denosits »robably are rernants of old fluvi-
atilc devosits spread on the {7ood plain of castward flowins strcams which
wero anccstral to the nresent drainarc, They arc frequently worked by
thc state and countr authoritics and uscd as local sources of sand and
rrevel for bdbuilding roads., Thesc rravels gencrally include clay and merl
1rith the more resistant imncous rocs or rock ferming rminerals and com-
monly are iron staincd by lonr cxmosurc to surfacc waters and the atmos-
nhere.,

ian;r Tertior and older formations of consolidated or scmi-con-
solidatcd mnterial arc nossiblc sources of construction sand and rravel,
In weathcred outcron such consolidated formations may make an oxcellent
source cf construction material., Abundant sand can be had from the Ordo-
vician Simnson froun in the ifichita and Arbucklec l'ountains of Oklahoma,
from sandstones in the Mississippian, Pcnnsylvanian, and Permian rocks,
from the Dockum sandstonc of Triassic age, from Trinity and ‘Joodbine sand-
stones of Crctaccous age, and from many of the Tertiary formations both
within and without the Trinity River Desin, Included in the latter are
ironstonc erravel denosits derivcd from the weathering of Vicches and
Landrum strata.

The High Plains arc underlein by the Ogellala and Arikarce
formations of !liocene and Pliocenc age, Thesc formations arc for the
most nart river dcposits laid down by strcams flowing castward from the
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Rocky lountains and arc made up larpgely of poorly sorted clay, silt,
sand, and rravel. Thoy range from a fcather edge to over 500 fect in
thiclness and arc thc surface formations ovor most of north and west
Toxas, thc arca known as thc Llano Istacado.

For 100 miles cast of tho High Plains escarpmcnt, sand and
gravel deposits of the Seymour and other formations of Pleistocenc ago
occur as isolatcd patchcs overlying Pcrmian and Triassic rocks, These
deposits arc bclicved to havec becn derived from the Ogallala end Arikarce
formations by eolian (rind) action and also may be, in vart, residual
after thesc formations, It is known that the Ogallala and Arikerec forma-
tions cxtended considerebly cast of theoir prescnt locations at one time,
The Scymour is cemented by caliche so that some deposits are not suitable
for usc as construction sand end gravel without nrcliminary crushing.

Rescrves

The overall rcscrves of sand and gravel for construction pur-
pnses are verYy large both in the Trinity River Basin and in the rest of
the tributary area, Locally near the major cities some of the better
devosits have become exhausted., There is no actual shortage, however,
even in the vicinit:;” of Dallas and Fort Vorth as a slightly increased
nrice nermits working those denosits which are smaller, under deeper
overburden, farther {rom the merlret, or which contains a hizher propor-
tion of sanc¢ to gravel. In the lower nart of the coastal nlain the
nroportion of sand to rravel is excessive and in some cases, perticularly
in the Ilouston area, sand and gravel for concrete aggregate cannot be
obtained locally and must Le shipped in from outside sources. The canal-
ization of the Trinity Niver would tend to stimulate nrocduction in the
upper nart of the Trinity Basin to sunnly the Jouston market,

Sand and Gravel in tlie Trinity River Tributary Area

Producing Localities

Cimarron River:
l'ain Drainage ¢
1) Yorth of 'aynoka, i'ocods County, Oklahoma
2) Two plants near Dover, lingfisher County, Oklahoma

Turkey Crecek
1) At Drummond, Carfield County, Oklahoma
2) Three nlants west of Enid, Oklahoma

Arkansas River Tributary:

Salt Fork, Arkansas River
1) UTorth of Alva, lloods County, Oklahoma
2) Tllortheast of Cherokee, Alfalfa County, Ollahoma
3) Last of Coltry, Carfield Countv, Oklahoma
4) 1llest of Pond Creek, Crent County, Oklahoma
5) ‘lest of ;‘edford, Grant County, Oklahoma
6) South of l'edford, Crant County, Oklahoma
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Arkansas River Tributary: (Continued)
Red Rock Croek : Ve
. iwo plants in Red Rock Creek, Garfield County, Oklahoma
/irkrkansas River Proper:
1) On Beaver Creek, Iay County, Oklahoma
2) Ralston, Pawnee County, Oklahoma
3) Osage, Osage County, Oklahoma
4) Six pits near Tulsa, Oklahoma
5) ©Dast of Ilaskell, \lagover County, Oklahoma
6) Yahola, lVagoner County, Oklahoma
7) MNorth of luskogee, Ylagoner County, Oklahora
‘iest Cache Creek
1) At Faxon, Comanche County, Oklahoma

Concho River Drainage:
1) South Concho River near Christoval
2) Soring Creek east ol Tankersley, Tom Green County, Texas
3) At Orient

Colorado River:
1) Scuth of Coahoma, I‘oward County, Texas

Red River Drainare:
Prairie Dog Town Fork
1) 1Indian (reek west of llemphis, Ilall County, Texas
2) UI'orth of Childress, Childress County, Texas
Pease River
1) Yorthern Floyd County, Texas
2) West of Paducah, Cottle County, Texas
""ichita River
1) lYorth of Benjamin, Knox County, Texas
2) VYear lowa Park, Vichita County, Texas
I'"eKinle;r Bayou-
1) lorth of Learv, Bowie Count:, Texas
T'orth Fork
1) Two nlants near Cranite, Creer County, Oklahoma
2) Two plants near Cnyder, Kiowa Countyr, Oklahoma
3 On Clm Fork west of Jester, Greer County, Oklahome
4) On headwaters of Jalt Fork, southwest of Vinson, Ilarmon County,
Oklahoma
Y'ashita River
1) TYear Inuntain View, Kiowa County, Oklahoma
2) Two nlants near Verden
2) ‘liest of Lindsar, Carvin County, Oklahoma
4) East of Paul's Valley, Carvin County, Oklahoma
5) Two nlants near .ynnewood, Garvin County, Oklahoma
6) lorth of Sulphur, l'urray County, Oklehoma
'7) Two nlants near Reagan, Johnston County, Ollahoma
8) Two plants near Tishomingo, Johnston County, Oklahoma
¢) On Caddo Creek, south of 1!'ilo
Vlest Cache Creek
1) South of Cache, Comanche County, Oklahoma
2) At Faxon, Comanche County, Oklahoma
3) Torth of Frederick, north of Slough Creck, Oklahoma
4) VTorth of Indiahoma, Comanche Countv, Oklahoma
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Canadian River Drainage:
1) Yorth of Tescose, Oldhan County, Tcxes
2) Yorth of 2Zoden, ctter County
3) Torthwest of ttratford, thormen County, Toxas
4) South of Comargo, Dowey County, O+lahome
5) lear Taloga, Dewe:” County, Oklahoma
6) Torth of linco, Crnd:r County, Oklahome
7) Vost of Mormen, Clcveleand County, Oklahora
€) Yorth of Stratford, Corvin County, Oklahona
Yorth Canadian
1) l'ear Concho, Cancdian County, Oklahoma
2) Yiest of Okishoma City, Oklahoma County, Oklahona
3) East of T.cumseh, Pottnwatomie County, Ollchomn
4) VYorth of 'eleectka, Okfuskee County, Oklahomo

DPrazos River Drninege:
Double 17%. Forlk
1) IMenr Yollow Lake, Ilockley Cownty, Texas
2) Tkest of Sercrton, Stonewell County, Taxas
Salt Fork
1) Vest of P.ccock, Stonewall County, Texas
t/hite River
1) At Pleinvicw, Falc County, Texes
Clear For!-
1) Swuctwoter Crecck, south of Swectwater, MNolan County, Tuxes
Brazos River Prover
1} Scuth of .owecastle, Younr County, Touxas
2) iear linerel Vclls, Palo lPinto County, Toxas
3) icor Cranbury, llood County, Texas
4) Soutl. of fcorges Cr.clk, Johnson County, Toxos
5) Tortheast of ~tlnut Springs, Tosquc County, Texcs
6) Two its =t ''zcu, IcLonnen County, Toxas
7) Southwest of Icarrnc, lobertson County, Texas

Trinity 2iver Dr-inegce:
1) cllorth of Arlirrcton, Tarrart County, Toxes

2) Tort!. o Grand Prririe, Dalles County, Texas
3) Uruth of Crancall, mufitn County, Tcxas

4) Tast of Furris, Ellis County, Toxas

5) ODIast of Cris»n, Ellis County, Tcxas

6) Trinidad, I’cnderson County, Tcxas

7) Lemb Crcck ac r Rarburn, Liberty County, Texes
8) Romeyor, Liberty County, Tcxas

Sabine Rivor:
1) Big Sorndy, Upshur County, Tcxas

Interstrcom Dividces:
1) Torth of Bowic, i'ontaguc County, Tcxas, botwcen Teinity ard Red
River droinope
2) At roolrs, Bowic County, Toxas, betweon Sulfur River and Red Rive
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Send ~nd Grovol Producers in the Trinity River Tributory Areca

Tcxas

I'"m¢ of Produccr Location of Stnd or Grevel Deposit

Brovn County

Browmwood Send nand Gravel Co.  East side of Pocen Davou, 3 niles south of
(II211 Bros. Rocl Crushcr) Browrnvrood on illiams Ranch road
Brovmwood, Toxes

Dallas County

onst Texnts Grevel Company, On lParson's Slough nenr Countr line, 1 mil
1107 Santa Fe 3uilding, nort!: of southenst coricr of county
Dailes, Texas (Out of Dusiness)

Gifford-Ilill ¢. Compeuy, Inc., (1) ‘iost side of Trinity River, 3 miles

610 rorth Tcxas Building, northcest of Irving
Dalles, Toxas (2) Threc milcs wost-northwest of Dacle R
Logow lotcrials Company- Jast side of Trinity River, 4 miles north-
Scagovillc, Texas wost of southeast corncr of county
C. W. Roberts Sornd & CGrovel (Sarw os Gifford-Iill & Comnery, Inc.)

Conmany, €15 Yorth Trler Strcct, Dellas, Tcxes

Fred Jo Smith fravel Comnnny, (1) ©Xnirht Pit on Frisco Reilrond, 4.9
1303 Southwestor: Lifce 3ldg., milcs south of Carrollton
Dallc~s, Texas (2) Ord Pit on St, LSV Railrond, 1 mile
west of Cearrollton

(3) Trinity )Mills Pit, 2 milcs north of
Carrollton on !T'T Reilrond ond
Ti~bhvy 77

Vilbig Bros,, (1) 2 rilcs southwcst of Irving
2517 Takin Stroct, Dnlles, Texns (2) 3 1ilcs northcast of Larle Ford

C. C. YWhitc, 4309 P~rk Pl-cc, l'cst sidc of Trinity River, 3 milcs south-

Dallas, Tcxas vrest of Carrollton
:itehell Greawvel Co,, Dalles, South sidc of Tyinity DNiver, 6 milcs
Texas rorthcast of Larcaster
ussec:” Cravel 1it Just cnst of [itchcll Cravel Co. loecnlity
(Opcretor Unlmovm)
i'urdock Cravcel Tit tm small stroear nenr Trinity River, 7 milc
(Oncrator Unlrown) southeast of Dallese
‘re. I, F, Farrcll 7 milcs northeest of LArlington or south
3710 DPotomaec, Nollas, Texas side of Trinity River, and 1 mils south

of Dorothy spur or Rock Islend Reilroad
Floyd County

Cuitaque Sord ¢ Cravel Co,, 10 miles southwest of Muitaque
Lubbock, Texas



R. T. I’¢Elrecth, DBox 344,
liemnhis, Texcos

J. J. licCasland,
Haskell, Texas

Lain Cravel Comnany,
Clcburne, Toxas

Lain Gravel Comnony,
Clcburne, Toxas

East Texas Crovel Company,
1107 Santa Fo 3Building,
Dallas, Texts

Potts-l'ocre Cravel Company,
1610-12 Amicable Building,
Vaco, Texas

Edwin D, Necley,
Box 1313, V/aco, Tecxas

0. Y, liatson,
Dowic, Toxas

Ilillsdalc Gravel Conpany,
Box S06, Swcctweatcr, Texas

Iillsdalc Crovel Company,
Box S06, Swectwatcr, Tcxes

Ylestern Sand and Gravel Company,

Box 168, Amecrillo, Texas

Nall -County 141 .

4 milos wost of llemphis on Sce. 17,
Block 20, E & GH Railrond

llaskell County

Send pit in southwest part of the
town of Haskell

Hood County
Banks of Drazos River near Granbury
Johnson County

Dightcen miles west of Cleburne,
2 milcs south of MNighway 67

Yaufman County
(1) 6% miles south of Seagoville
(2) 1 mile east of Elm Fork
(3) 3% miles west of East Fork of
Trinity River

‘cLecrnan County

-

Three miles north of Waco near lcft
bank of Brazos River on Dripping
Springs road

Loecality Unkrowvm

Montague County

Three milcs north of Bowie and 1/2
nilc cast of EKighway 81

1iitchcll County

Locality unknovm

Yolan County

On Santc Fe Railroad, 3.2 miles wost
of Swccetwater on Swootwater Creek,
cast of reilroad

Oldham County
At Jude, on FDC Railrocd, & miles

south of Charning near Canadian
River
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Polo Pinto County

Lein Gravel Company, Inc,, Six miles southwost of liineral Vells
Clcburne, Texas

Polk County

Texas Silica Sand Compeny, Five miles east of Corrigan, on road
2310 Celhoun Avenuc, to Stryker
Ilouston, Texas

Potter County
Texas Sand ond Gravel Company Onc milc east of Oldham County line,
Box 1532, Amorillo, Tcxas south of Canadian River on east
side of FWDC Railroad

3an Jacinto Ccunty

Urbena Sand and Gravel Comhany, One nilc cast of Iiichwe:- 33, cond
Urbana, Texas 1 nile south of Trinity River

Stoncwnll County

Hamlin Sand and Gravel Comnony, Onc mile south of PBrozos River,
Hamlin, Texas end 10 miles northeast of Hamlin

Tarrant County

Fort Viorth Sand Comnany, Inc., Betwocn Rock Island Reilroad on
700 East Sixth Strect, the north, and Trinity River on
Fort Worth, Texas the south; beginning 2 miles

wost of Hurst Station and coxtend-
ing 4 miles cast

Young County
Ed Tetmever, Two milcs scuthwest of Tewcastle
'ewcastlc, Texas on Throckmorton HEighway
1'isccllnarcous

Thc following have reported nroduction, but the locality of
the denosits {rom which thc material wos obtrined is unknown.

Ccntral Sand and Cravel Compary licLenazn County
lirs, . F. Farrocll, Tarrent County
3710 Potomac Avcnue,

Dallas, Tcxas

Gann Sand and Cravel Compony, Trrrant County
Fort Viorth, Texas



Gifford-Hill and Company, Inc.,
Dallas, Texas

Jeffries 2 Botts,
Box 1742, Fort Viorth, Toxas

Weltor Kelley ond E., W, Tibbots

Joc lMcodows,
Paducah, 7Ycxas

M. A. FeCarty

Y. C. lyers,
Peacock, Tecxas

Folland Puge,
Austin, Texas

F. L. Pcderson,
€07 North Polk Strcct,
Amerillo, Texas

Southwest Construetion Company

Tcxas Construction l'mtcriels
Company

¥eco Itterials Compony

West Texas Send end Gravel Compeny
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Bowio, Ellis, and San Jacinto
Counties

Terrant ond Hood Counties

Floyd County

Cottlo County

Bosquc County

Stonewall County

I'cLennan County

Pottor County

Dallas County

Liberty County

I'eLunnan County
fioviard County

Okzlahoma

Cherokece County

Grand Roads Cravcl County

Greer County
A. S, Coffman
Key County

Blackwcll Scmd nnd Gpnvcel Company
Otac Sond and Gravel Company

Iluskogee Countyr

Pioncer Sand ond Gravel Comnany
Tulsa Send Company

Pavmee County

Oscge Send Compeny



Pottawotomic County
Midwost llntcrials cnd Construction Company
Tulsa County

Arknonsas River Sand Compan
Bagby Illarris Sand Company
Chondl - r letcrials Company
Layman and Company
licMichael Concretc Compeny
Smith Sand Comptny
Standard Paving Company
Tulsa Sand Company

“foods County
Yiaynoka Sand and Gravel Company

-
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Year

1935
1936
1937
1638
1939
19

1941
1942
1943
1944

1535
1936
1937
1938
1939
1940C
1941
1942
1943
1944

PRODUCTION CF ALL TYPES OF SA..D AJD GRAVEL I THD TUILITY RIVIR TRIBUTADY AMZA

Commercial Production

Short tons

2,042,469
2,440,581
2,535,040
2,017,295
2, u13.261
~,265,603
u,-ua 081
6.128.7 6
3, 875,447
3,486,013

442,477
723,357
633,757
433,697
550, 491
h90.817
617,030
1,089,234
1,332,613
735,155

* lhunicinal, county,
1/ Hay be more wroducers than shown.

All dats

Value in
dollars

1.58h,231
2,135,656
1,958,150
1,542,816
1,581, 7“&
l))""l L‘]h
2y 8700383
u.ssu,27o
3,204,435
2,562,070

207,417
226,532
1,397
2Eu,2u5
975,696
250,384
557,200
1,202,940
1,006, 704
534,185

1o, of
Producers

—_——

26
25
30 1/
34
37
32
34 1/

19 1/
13 1/
16

16

and state orgamizations,

from United States Bureau of Mines.,

Texas

iTon-commercisl Production*
Value in

Short tons

581,504
982,064
77¢,711
[ 161 131
ﬁ 090

; N 210.;62
1.181.50&
777,465
5,046

Ozlahoma

734,385
596,505
263,102
375,859
975,696
53E,453
646,070
1,419,461
£08, 345
520,946

dollars

56,140
195,858
11¢,671
351,709
212,017
200, 874
161,234
164,339

¢5,081

G2,231

47,826
96,238
46,737
105,567
212,017
22.610
46,475
743,048
183,113
75,932

Total Production

Short tons

2,623,973
3,422,545
3,313,751
3,179,032
3, 390 957
3,160, E?
59352, 6

Ts 310.3N0
h,652,912
3,901,056

1,176,065
1,320, 162

916,859

810,536
1,526,187
1,029,270
1,463,100
3,108,695
2,140,959

_ 1,256,102

Value in
dollars

1,670,339
2,334,514
2,077,821
1.90L.52)
1,793,701
1,742,348
3,057,617
5,048,609
3,299,517
2,954,301

335,273
523,270
394,395
350,212
516,466
272,94
603,675
1,946,588
1,101,817
610,097

*Syl
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GLASS SAND ~ND OTHER SPECIAL SANDS
by
D. M. Kizney, United States Geological Survey

A very pure silica sand (SiOg) is the major ingredient in the
manufacture of glass. Other special silica sands whieh require sand
similar in some respects to glass sand are filter sand, abrasive sand,
engine sand, and molding sand. Sand for the highest guality optical glass
must contain 99.8 percent SiOp and not more than .O15 percent Fep0z.

Common bottle glass sand may contain as little as 95 percent SiOz but must
contain less than 1 percent FegOz. Iron is very undesirable in glass sand
as it affects t he color. The maximum allowable alumina content of common
glass sand is 4,0 nercent. The presence of lime (Ca0) and magnesia (Mg0)
in small quantities is not highly objectionarle although magnesia raises ti
melting point of the mixture. Glass sand must vass a 20 mesh crreen but
only 2-3 perc.nt may be finer than 80 mesh. The requirements for the other
specialized uses of sand are for the most part physical., Filter sand must
be fairly uniform texture =2nd Che grain size must be within certain limits.
Abrasive sand besides being dominantly of silicg is sold gracded aceording
to size, (Sce discussion cf abre ive sand in chapter on Natural Abrasives)
The only requirements for engine .and is that it must have & minimum of
small particles. Silica sand for liring furnaces and metal molds must have
a range of particle sizes and sufficient clay or added plasti. fire clay

to give the sand bonding properties.

Glass sand in the Trinity River tributary area is mined in open
pits using jets of water under pressure. The material is pumped to the
plant vhere it is washed to remove the clay <nd much of the iron oxide.
The sand is scld as moist sand, or as dry sand after having been dried in
a rotary kiln,

Glass sand produced in the Trinity River tributary area is used
in tre manufacture of most of tre glass produced in south estern United
States. Because of the abundance of cheap fuel, particularly natural gas,
much of the glass is manufactured in the vicinity of thre glass sand
deposits. Glass sand is also produced from the St. Fater sandstone in
nerthern Arkansas ani eastern Missouri; these competing sources severely
limit the northern and castern shipments of glass sands produced in the
Trinity River tributary area. In some instances glass sand from Arkansas
i1s shipped to glass plants located in the Texas part of the Trinity River
tributary area,

Occurrence of Glass Sand in the Trinity River Tributary Area

Sands suitable for the manufacture of glass are found in the
Simpson formation of Ordovicien age in the Arbuckle Mountain area in
Oklahoma, the Burgen sand of Ordovician age neecr Tahlequah in northeastern
Oklahoma, the basal Cretaceous Trinity sand in southeastern Oklahoma and
north central Texas, nnd in the Carrizo, Queen City, and Sparta sands of
Zocene age in the Gulf Coastal Plain of Texas. Thc sands of the Simpson
group and the Burgen formation are suitable for making container glass-
ware and vlate glass. The sands in the basal Cretaceous and Eocene are
seitable for container glass only. (See fig, 18)



140,

The glass sands in the Simpson group occur in the 0il Creek and
kcLish formations in Johnston, Murray, Pontotoc, and Carter Counties.
In the central .rbuckle lMounteins the 011 Creek sand is at the base of
the Simpson grou- and ranges in thickness from 150 to 400 feet. The
McLish sand is about 165 feet thick and overlies the 0il Creek sand,
Three ccmnanies produce sand from the 0il Creek sand and one company's
quarry is in the McLish sand. The Burgen sand is exposed five miles
northeast of Tahlequah in Sequoyah County, Oklchoma and may be present at
shallow depth at other localities in northeastern Oklahoma. Northeast
of Tahlequah at least 50 feet of very pure silica sand are exposad. Both
the 0il Creek and McLish sands of the Simpson group and the Burgen sand
are correlated with the St. Peter sandstone which is mined extensively for
glass sand in the Missiisiponi Valley,.

The basal Cretaceous Trinity sand extends from Parker County,
Texas, west of Ft. ‘Jorth northward and then eastward in southern Oklahoma
north of the Red River to the Arkansas border. The Trinity sand is from
5 to 20 miles in width but deposits of sand suitable for the manufacture
of glzss are rare. Much of the Trinity sand is poorly sorted and contains
clay .nd other impnurities. However, south of the main body of Trinity
.sand in Texas a sand@ devosit in the basal Trinity is being mined at
Santa Anna in Coleman County to supply a local plant manufacturing bottles
amd glass containers.

The Eocene Carrizo, Queen City and Sparta sands of the Gulf
Coastal Plain may heve deposits of sand suitarle for the manufacture of
bottles but for the most nart sand lenses in these formations contain
toc much iron and are too fine-grained.

The basal Cretaceous Trinity ssnd and the Eocene Carrizo, Queen
City, 2:nd Sperta sands cross the Trinity kiver Basin but deposits of
suffici~nt purity for the manufacture of co~on bottle glass are rare.
Glass sand u:ed in this nart of Texas is imported from northern Arkansas
or =soutincmi Oklarora.

Reserves

Reserves of high grade glass sand in the Cil Creek .ad lMcLish
sands of the Simpson group in the arbuckle Mountains are very large.
These sands are of sufficient purity for the manufacture of container
and pl«te glass and with beneficiation they might be made acceptable for
optical quality glass. Reserves of glass sand in the Purgen sand in the
vicinity of Tahlequah, Sequoyah County are 1ifficult to estimate because
of the lack of outcrops but they are of sufficient size to supply large
scale industrial development. Sands in the basal Cretaceous and Kocene
rocks have not been investigated sufficiently to warrant any estimate of
reserves,
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Comnanies Producing Glass Sand

!

Cempary Geologic .Age of Sand Deposit

Mill Creek Sand Company 0il Creek sand, Simpson group
Mill Creek, Oklshoma

Sulphur Silica Company 0il Creek sand, Simpson group
Sul phur, Oklahoma

Mid-Continent Glass Sand Companv McLish sand, Simpson group
Roff, Oklahoma '

Oklahoma Silica 3and Company J0il Creek sand, Simpson group

Eickory, Oklahoma

Glass manufac uring companies in the Tributary area in Texas

are the Knox Glass Company at Palestine and the Owens-Illinois Glass
Company at ‘aco, Texas.

There are several glass manufacturers in Oklahoma,.

Production of Glass Sand

An annreciable amount of gless sand is nroduced in the tributary

area, orincipally in Johnston and Pontotoc Counties, Oklahoma, but the
production figures are not available.

l.

2.

3.

4.
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SOLUBLE SALTS

D. M, Kinncy, Unitcd States Geological Survey

Potash, common salt (or halite), calcium chloride, megnesium
ehloride, bromine, magnesium sulfate, and sodium sulfate are highly
soluble compounds which, because of their s>lubility in water, occur
more or less together in nature. Bromine, althowh not produced as a
salt, is present in brines as soluble bromides and is grouped with the
soluble salts. All of these compounds are present in sea water, in bedded
deposits derived from the evaporation of sea water, in connate waters of
marine sedimentary formations, or in saline lakes in areas underlain by
evaporfte deposits. Through various physical and chemical processes the
different e’ ts ray be concentrated, making fe:sible the commercial
recovery of at least some of the soluble compounds. Gypsum and anhydrite
are commonly of similar origin but because of their lesser solubility,
they are treated in a separate section.

Potash

Potash, 2 term originally apilied to impure potassium carbonate
(KoCOz) extracted from wood ashes, but now applied more loosely to
various other potassium-bearing salts, is e.sential to agriculture as a
plant food and has ~any uses in industry. S ince notash is produced
commercially as any one of several potassium salts, for purposes of
comparison the potash content is customarily 2xpressed as "eguivelent"
potassium oxide (K,C) although potassium oxide is neither found in nature
nor produced commercizlly. Potentially great potash reserves are present
in the Permian rocks of the western part of the Trinity River tributary
area but the only commercial development has been near Carlsbad, New Mexioo
to the west of the tributary area.

The »-incipal potassium bearing minerels in the rocks of the
Permian Basin are sylvite (KCl), langbeinite (2MgS0O4.K2S04), cernallite
(KC1 MgCl .Hzo), and polyhalite (K,S04.MgS04.2CaS04). The sylvite eccurs
with varying amounts of halite (NaCl), the mixture being known as
"sylvinite". Sylvinite is the source of most of the potash output in
New Mexico although lsangbeinite is a2lso mined. Polyhalite, although the
most abundant of all the potassium minerals in the Permian basin, con=-
tains only 15.6 nercent equivalent potash and is not at present used as
a commercial source of potash,

Ne«rly 90 pe:xcent of the Uni® ed States annual consumption of
potash is used in the preparation of commercial fertilizers; without
potash-bearing fertilizers, the cotton, tobacco, potato, citrus fruit and
truck crops would be greatly reducede In industry potash or its deriva-
tives are used in the manufacture of glass, pottery, soap, und matches.
In the form of potassium nitrate (KNOs) or saltpeter it is an essential
ingredient in the manufacture of black powder and other explosives and
1s used for the preservation of meat. As potassium cyanide (KCN) it is
. used in the extraction of gold and silver from their ores and in photo-

graphy and electroplatinge.
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In New Mexico, potash salts are mined from depths of 800 to
1,000 feet by the room=-and-piller method. The cruce sylvinite ore is
either crushed and then purified by a system of solution and fractional
crystallization, or ground and then concentrated by floating either the
halite or the sylvite.

Prior to Jorld War I, the United Stat 5 was dependent upon
imports of potash, the bulk of which came frcm the great Stassfurt salt
deposits of Germany. Cessation of imports caused a serious situation;
the price of votash as potassium chloride or sulfcte rose to over w900
a ton of available K20, During the war, various saline lakes, kelp, and
industrial wastes were used as sources of »otash. Starting in 1911, the
United States Geological Survey and the Texas Bureau of Economic Geology
collected information and »nublicized the possibility of finding potash in
the thick salt-bearing Permian rocks of the Permian Basin in Texas and
New Mexico. This resulted in a nu~ber of government and »nrivate drill
tests and the Jiscovery bv a private (ompany in 1925 of the potash deposits
in Eddy County, New Mexico. Commercial production in New Mexico begam in
1931 and since that time the United States has been virtually independent
of foreign sources.

Occurrence of notash in the Trinity River tributary area

Potash brine or notash mirerals in well cores have been reported
from Borden, Dawson, Dickens, Glasscock, Midland, Potter, rnd Randall
Counties ~nd are probably nresent at places in the intervening counties of
the Permian Basin in the Trinity kiver tributary erea. (See accompanying
map for reported nccurrences #nd ~rea showing potash possibilities). Very
little is known of the thickness, extent 2nd comnosition of the potash
beds, the only data being from oil wells scattered over a great area and
= few test holes drilled specifically for potash. Practically all of the
pot: sh so far discovered is in the feorm cf polyhalite, an exception being
the Jones area in southwestern Midlané County where 5 feet of polyhalite
and 6 feet of soluble potash salts--perhaps sylvite--were penetrated in
drill holes at ‘enths ranging fror 1,900 to 2,000 feet. From mine de-
velopment and core drill holes in the Eddy County, New Mexico erea, it is
known that the potash minerals are concentrated in small subsidiary
basins within the main Permian Basin and are concentrated near points of
structural deformation. Because of the relatively small amount of drilling
that hes been done to date in the Trinity kiver tributary area, it is
probable that the best deposits mey yet remain to be found.

Reserxves

From the grezt area over which polyhalite has been found in the
Trinity hiver tributary area of westcrn Texas =nd the thickness of the
polyhalite beds in wells, it is apparent th.t the potash reserves of the
Trinity River tributary arees are very lurge. Reserves in the New Mexico
potash field were estimated by the Geologicel Survey in 1940 at 75,000,000
tons of equivalent Kp0. Because the New Mexico potash deposits are
shellower 2nd can produce quantities far in excess of present domestic
and export demands; it is improbable thot the Texas polyhalite deposits
will be developed until the New Mexican deposits heve been seriously
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depleted. The Texas area.is further handicapved because with one ex-
cention the deposits discovered to dete consist orincipally of polyhalite,
an unsatisfactory source of potash under present conditions. A future
market for polyhalite micht develop, however. For example, agricultural
experiments indicate that for certain uses, polyhalite can be employed
directly as c fertilizer. furthermore, polyhalite cortains mognesium as
well as potassium. The use of light-weight mognesium alloys hes incre:nsel
greatly during the war and this may stimulate research into new sources
of the metal. Should a method bc devised to extract both magnasium ond
potassium from polyhalite at a sufficiently low cost, the polyhalite beds
may become of v-lue. It should be pointed out, however, ‘hat the Carlsbad,
New Mexico arec contains tremendous reserves of polyhelite which could be
obtcined from existing mines and with existing equipment. The opening up
of the deeper -nd still undeveloped Texas deposits is therefore likely

to be long del~ycd.
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Cemnon Salt

Common salt, "he mineral halite, (NaCl), is fcund at a number
of places within the Trinity River tributary area, It occurs as silt
domes or plugs intruded into Cretaceous and Tertiary sedimerts, as bedded
deposits of rock selt in rocks of Permian ege, as surface encrustations
and brines in salines, and as brines recovered incidental to petroleum
production,

Halite is soft (Mohs scale of hardness, 2.5) and light in
weigit (sp. er., 2.1 to 2.6)s 'Yhen pure it is colorless wt in its
natural state it is vsua'ly stained by s-all cuantities of included
impurities, In nature it 1s closely associated with gypsum or anhydrite
and with small quantities cf the soluble sulphetes and chlorides of
calcium, magnesiur:, end potassium.

Salt, althcugh common 'nd cheap, i< escential to life and the
industrial growth of a nation. It is used in laree quantities in the
preservation of mcat snd other foods and in the prcparation of foodstuffs
for market. Livestock also require considerable s:1t in their diet.
However, the greatest use of salt, over 50 percent of the total United
States output of 15,214,152 short tons in 1943, was in the chemical
industry. Salt is one of the basic raw materials in the manufacture of
the alkaliecs, NapCOs,Nafi0,, 8 8d.  NaOH, hydrochloric acid (HC1),
metallic sodium, nd chlorine. Increasing amounts of salt are being used
in the manufacturc of metallic magnesium, svnthetic rubber, and plasticse.
Other industrial uses are in soap manufacturing, textile processing,
curing of *ides nd leather, refrigeration, and in the regeneration of
zeolites in softcning water,

Salt may be recovercd by underground mining methods from
bedded deposits or salt plugs. The rock salt is then crushed and screened
to the desired commercial sizes. Salt is also produced by injecting water
into the salt bearing formation and pumping the brine into pans where it
is evaporated to dryness using natural gas, lignite, or solar evaporation.
For the chemical industry concentrated brine as pumped from the ground
needs no further treatment.

In 1943, Texas produced about 7 percent of the total United
States output of salt and ranked fifth among the states in total pro= n
duction. Oklahoma's annual output is less than 10,000 short tons a year.
Tre demand for salt is almost constant except for the development of new
industry. The present demand for ccmmon salt in the Trinity River
tributary area is easily met by established ope ations and any probable
increased demand could also be satisfied. No great expansion in the area
using salt proc ~ed in the Trinity River tributary area is possible because
of competition from established salt producers along the Gulf Coast of
Texas and Louisiana on the south and Kansas on the north.



155,

Occurrence of commion salt in the Trinity River tributary area

Salt pf&gs = ithin the Trinity River basin salt was produced
for many years fram brine pumped from the salt dome near Palestine, Anderson
County, Texas., The top of the salt was 140 feet beneath the surface and
the wells extended about 250 feet into salt. This operation was abandoned
in the early 1930's, Salt plugs are roughly circuler in outline, vary
from 1,000 feet to £ miles in diasmeter, and extend to unknown but con-
siderable depth; the top of the salt mey occur at any depth beneath the
surface. Jther known salt plugs within the basin are the Bethel and
Keechi domes in sanderscn Courty, the Butler dome in Freestone County, the
Oakwood dome in Freestonc and Leon Counties, the Moss Bluff dome in
Liberty and Chambers Counties, the Lost Lake dome in Chambers County, and
the Davis Hill, Hull, South Liberty, and North Dayton domes in Liberty
County. The depth to salt of many of these domes may make the production
of brine more feasible than the production of rock salt especially as
many of the salt domes are close to abundant sources of lignite and natural
gas, fuels for the evaporation of the brine.

At the Grznd Saline domc, Van Zandt County, T=xas in the Trinity
River tributary area but outside thc drainage basin the Morton Salt Co,.
mines rock salt from its Kleer salt mine at a depth of about 1,000 feet,
The rock sclt is topped at 238 feet but active mining has been below
7C0 feete Prine wac formerly produced from wells in the northwestern part
of the dome. Other knoun salt domes in the Trinity River tributary area
are the Hainesville dome in Wood Covnty; the Steen, Mt. Sylvan, East Tyler,
“hitehouse, Bullard :nd Brooks domes in Smith County; the Brushy Creek and
Boggy Creek domes in snderson County; the LaRue dome in Henderson County;
and the Marquez dome in Lecon County.

Bedded salt deposits - In Kansas and western Oklahoma the salt
hearing beds are in the Pcrmian /ellington formationj;but over most of
Texas west of a line drawn between Sterling County and western Hardeman
County,rock s:1t nrobably occurs in slightly youngcr beds, the Clear
Fork and Double lountain groups of the Permicun., The salt beds usually do
not cron out at the surface because they either are covered by younger
rocks, were not deposited on the eastern edce of the Permian basin, or have
been removed by solution. The rock salt beds of the Permian basin in the
Tririty Kiver tribtuiary area vary ‘n combined thickness from nothing to
more than 1,000 feet, at Colorado City, Mitchell County, Texas, salt brine
was produced from a depth of 850 feet; the discovery well for this feposit
rcportedl4C foct of rock salt between 850 and 1,000 feet, In many lo-
calities in the tributary arca salt beds are within 750 feet of the surface
and rarely are they deeper than 1500 feet.

Saline lakes, springs and flood Elains - In the early gdays salt-
was recovered from saline lakes, springs, and river flood plains of wester.
Oklehoma and northern Texas in the Trinity River tributary area. Saline
lek.s are still the source for most of Oklahoma's small output of salt,

0il field waters - Salt water is frequcntly oumped with pctro-
leuam in the ~il fiélds of the arca. The disposal of this waste water is
a constant expense since it canrot be dumped into surfacc drainage channels
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Comnanies Producing Glass Sand

CQmpaEﬁ Geologic age of Sand Deposit

Mill Creek Sand Company 0il Creek sand, Simpson group
Mill Creek, Oklshoma

Sulphur Silica Company 0il Creek sand, Simpson group
Sulphur, Oklahoma

Vid-Continent Glass Sand Companv MeLish sand, Simpson group
Roff, Oklahoma '

Oklahoma Silica Sand Company 0il Creek sand, Simpson group

Eickory, Oklahoma
Glass manufac uring companies in the Tributary area in Texas
are the Knox Glass Company at Palestine and the Owens-Illinois Glass
Company at 'aco, Texase.

There are several glass manufacturers in Oklahoma,

Production of Glass Sand
An annreciable amount of glass sand is nroduced in the tributary
area, orincipally in Johnston and Pontotoc Counties, Oklahoma, but the
production figures are not available,
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Oklahoma
Year Shert Tons Value
1934 y 1/
1935 by 1/
1936 1/ 1/
1937 1 Lf
1928 1/ 1/
1939 1/ 1/
1940 y _1_/
1941 10,743 $42,737
1942 8,305 35,132
1943 7,716 30,496

1/ Ircluded w th "other states" or undistributed,

Texas

Year Short Tons Value

1934 *208,979 » 612,586
1935 268,809 563,514
1936 316,006 615,815
1937 364,780 623,037
1938 324,449 624,096
1939 352,008 604,663
1940 402,165 ’ 792,214
1941 656,569 1,713,508
1942 821,111 2,202,527
1943 1,127,854 3,610,532

Data from ™mited States Bureau of Mines.,
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Calcium Chloride

Calciuw chloride, CaClp, is one of the principal dissolved salts
contained in brine aftier th. ~xtraction of common salt. In its anhydrous
form it is a white, highly aeliquescent substance .hose commcccial utility
depends upon its hygroscopic propcrties or the low freczing pnint of its
solutions. Large quanitites of calcium chloride are known ir oii field
brines and alkali lake brines of the Trinity RKiver tributary area but,
for the most part, the material is not recevered.

Over 50 oercont of thi. total Unitcd .. tat 5 caleium chloride
output is used by stat- -nd local governments for layins dust on highways
and in making stabiliz.d roads. Largc quantitics =are also uscd
for ic- control on sidewaslks and highways, for curing and hardcning concrete,
for dust proofing coal, coke :nd other materials, for circulating brines in
refrigerating plants,and for an antifrceze in certain types of cutdoor
mcehanical equipment. OJther minor uses of calcium chloride are as a
laboratory desiccant in drying gas in gas works, as a de-humidificr for
air-conditioning rooms holding dclicate precision instruments, for meking
calelum soao lubricants, and for the extraction of lithium from spodumene.

Beine numpcd from wells is first evavorated until the sodium
chloridc has crystalliz.d out, and then by fractional crystallization under
controlled composition and temperature conditions, cclcium chloride is
separated from magnesium chloride and magncsium sulfatce For some purposes
calcium chloride with magnesium chloride and sulfate is acceptable, and
for this purpose the recidual liquor follo.ing preeipitation cf common salt
is thus merely cvaporatcd to drynesse



152,

Natural calcium chloride constitutes only a small pcreentage of
the total output, as grezt quantities are formed as a bynroduet in the
chemical industry, especially the Solvay proeess for manufacturing sodium
carbonate. Byproduct Solvay-process caleium chloride is formeéd by the
reaction of limestone and sodium chloride. Most of the byproduct ealcium
chloride is not recovered; the amount recovered depends upon the current
demardi for the refined product. It has been cstimated that 90 percent of
the cal~”ium chloride derived from chemical plants and sodium chloride
brines is wasted,

The dcmand for calcium chloridc immediately following the war
should be good because of postponed road devclopm2nts by state and local
sovernments., Natural calcium chloride produced from btrinc in the Trinity
River tributary area can competc with the artificial byproduct material
only by reason of disparity in freight rates. Manufactured calcium chlo-
ride is preduced at a number of localitics along the Gulf Coast.

Occurrcnce of culcium chloride im the Tripity River tributary areca

In the Trinity River tributary area calcium chloride is found
in varying quantities in all brines rccovered fer the production of eommon
salt, or may be recovered from oil well trines. Analysecs of oil field
watcers from different sources show that the concentration of calcium
chloride varies within considerable limits. The high calcium chloride
waters may offecr opnortunities for profitable extraction if other dissolved
materials (sodium chloride, brominc, potash, and magnesium chloride) are
recovercd in the samc operatio... T.e Texas Salt Products Co., & subsidiary
of The Texas Co., produccd cvaporated salt, bromine, and calcium ehloride
from oil field brines at :est Tulsa, Oklahoma prior to 1936 but abandoned
the operation in that year. The best source within th¢ tributary arca for
calcium chloride from natural sources is probably wastc bitterns from salt
retining.
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Magnesium Chloride

Magnesium chloride, MgCl,, is a uhite, bitter, deliquescent
salt which bccause of its hygroscopic charactcristics does not occur as
a solid under normal cornditions but may be found in bedded deposits
under covere It is generally found with other highly soluble salts of
potassium, calcium, and magncsium in sea water, the brines of salt lakes,
and the bitterns remaining after the crystallization of common salte.

Magnesium chloride as brine in the electrolytic separation of
magnesium metal supplies 85 percent of thc United States potential
output. In the past the vrincipal sources of —~agnesium chloride brines
in the United States were wells in Michigan and sca watcr in North
Carolina, but since 1941 sea water taken from the Gulf of Mexico near
Frecport, Texas has become an important source. Because of its hygro-
scopic propertics, magnesium chloride like calcium chloride can be used
to lay dust on roadse. Much of the calcium chloride marketed in the
United States for tris purposc contains both calcium and magnesium
chlorides. IlMagncsium chlrride !{s also used in magnesite stueeo and Screl
czment tut thc- "ses arc in dccline.

The producing cepacity of metallic magncsium manufacturing
plants in thc United Stet. s ¢xpanded 90 times during the war, far beyond
the peacetimc roquircments of thc nation. Early ir 1944 the magnesium
ocutput was curtailed ic 60 percent of total capacity. Fstablished
plants using seawatcr cr magnesium-rich well brines avpcar adequatc to
supply the United Statcs demands for many years.,

Occurrence of magnesium chlo:}de within the Trinitz River tributarx area

#ithin thc Trinity kiver tributary area magnesium chloride-rich
brincs arc known from Upoer Pcrmian horizons near Gail in Bordcn County,
Texase " This occurrcnce was drillzd by tho Ozark Chcmical Co. of Tulsa,
Oklahoma, in 1942 who also investigated methods ¢ recovering commercial
products from the brine. High magnesium chlorid *rines in many other
localities underlain by thec salt beds of the Permisn Basin of north and
wist Texas arc very possible, Magnesium chloride is also found in the
brincs of shallow wells underlying the alkali lakes of thc High Plainse
During thc war the Urion Potash and Chemical Cos at Carlsbad, New Mexico,
recovercd magnesium chloride in the scparation of potassium sulfate from
langbeinite, Thc megncsium chloride recovercd in this operation was
shipped to Austin, Texas, for conversion to thc metals

Brincs rccovorced incidental to petrolcum production offer

another sourcc of magncsium chloride; the brincs of certain oil fields
carry a much highcr conccntration of magnesium chloride than de othcrse

Reserves

Rcserves of magnesium chloride in thc brines of surfacc and
subsurfacc waters of the Trinity River tributary arca arc very large but
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with the perfection of the larec scale plants for the extraction of
magnesium chloride from scawater or subsurface brines from Michigan, it

is imprcbablc that these reserves will be developed. However, considerable
magnesium chloride may be produced from thc brines as a byproduct in the
extraction of other valuable salts,
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Bromine

Bromine is a dark reddish brown, highly corrosive volatile
liquid, It is found in seawater and other brines probably as bromiées
of megnesium and sodium. Scawater containsg about 1 pound of bromine in
2,080 gallons of watcr,.

The principal use of bdrominc is in the manufacturc of ethylene
dibremide, a colorlcss, volatile, cmulsifiable, poisonous liquid prepared
by the ection of bromine on cthylcne gas. KEthylene dibromide is used in
the manufacture of tetraethyl lead for addition to gasoline to improve
antiknock qualitiese Large quantities are used in the manufacturc of
war gascs (esvccially tcar gas), aniline dyes, and some synthetic rubber.
Bromine 1s also used in photographic reagents, disinfcctants, medicine,
fumigation, and chemicéI\Bynghcsis.

Bromine is separated from dbrimne in a number of ways. In the
Et-yl-Dow Corporation process sea water is acidificd, oxidized with
chlorinc, and blown out with co~prcsscd air in towers. The bromine is
recovered as sodium bromide-bromate using NapCOm; acidification yiclds
bromine. Another continuous nrocess uses an electric current for ox-
idation of thc¢ bromidess A batch procrss of making bromine uses sulfuric
acid end an oxidizing agent (sodium chloratc or mangamcse dioxide).

The usc of tetraesthyl lead te improve antiknock qualities of
gasolinc has inercascd cach yesr. '“Wth the rcsumption of civilian
travel following the war, the demand for leaded gasoline should continue
to improve. The large plants to extract bromine from seawater on the
Atlantic and Gulf Coasts appear adcquate to supnly all demands c¢f the
immediate futurce

Occurrcnce of brominc in the Tririty River tributary area

s the Trinity River tributary area brominc, prcbably as
magncsium bromide, is present in the alkeli lakes of north and west
Texas and in oil field brines. Some of the lakes in the High Plains
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contain relatively high percentages of bromine. Drill cores from some of
the salt domes in southeastern Tcxas have a strong odor of bromine or
iodine. The only output rcported from the tributary arca was by the
Texas' Salt Products Company at Jest Tulsa, Oklahoma, prior to 1936.

Reserves

Bromine rcserves in thc alkali lakes, oil field brincs, and salt
domes are nrobably vcry large but it is doubtful that they can compets
with the efficient large-scale rlants using seawater which are located on
the Gulf Coast of Texas and Louisiana. It is possible that bromine can be
produced in relatively small amounts frcm brines other than seawaier whickt
have becn trcated for the extraction of other dissolved salts.
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Magnesium Sulfate

Magnesium sulfatc, MgSO4, occurs in nature as kicscrite,
MgS04 «H20, or cpsomitc, MgSO4.7Hg0e Kicscrite occurs in bcdded salt
deposits with other selinc minerals; cpsomitc occurs as an cfflorescence
on rocks end is cspecially common on mine walls. Magnesium sulfate
¢ommonly occurs in solution in subsurfacc brines of thc Pcrmian Basin of
Texes and in thc¢ surface waters of the larger alkali lakes of the High
Flaias.

Magncsium sulfatc in aqueous solution is uscd in coagulating
rayomn, in tanning hides, in thc orcperation of pharmaccuticals, and in the
precparation of commercial fortilizers. The United States uses between
20 and 30 thousand tons of magnesium sulfatc 2 yeear,

Magnesium sulf«tc may be madc by neutralizing causticecalcincd
magncsia with sulfuric aicid solution,and this menufacturcd product
competes with the natural magnesium sulfate.

Occurrences in the Trinity River q:sgggg;l;gggg

In thc Trinity River tributary ar.a magnesium sulfate is re-
covercd from shallow well brines in en a2lkali leke becd near O'Donnell,
Texas, by thc Arizona Chcmical Company, a subsidiary of the American
Cyanemid and Chcmieal Corporation. Brines from other alkell lakes, waste
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water frem petrolcum production, snd subsurface waters recovered from
wells drillcd in the Pcrmian Basis of north and west Texas all contain
magnesium sulfate to some cxtent. Rcccontly 44 percent of the eissolved
salts of a brine from a well in thc Permian rocks of Eddy County,

New Mcxico,was recported as magnesium sulfate,

Reserves

Undoubtecdly large recserves of mapnesium sulfate are present in
the surface and subsurface watcrs of north and west Texas and the oil
ficld brincs of thc rcmaining parts of the Trinity Rivcer tributary area.
Howcver, thesc brines cculd not bc processcd for the magnesium sulfate
content =lonc but if sodium sulfatc, magnesium chloride, crlcium chloride,
brominc, ~nd other dissclved selts were rccevered, the liquor might be
trcated 2t a prefit,

Bibliography
le Min. rals Yeartook: U. S, Bureau of Mincs, 1935-1944 inclusivc.

2, Sellards, k. li. and Evans, G. L., Texas Looks ahsad: Univ. Texas,
Vol. I, The Resources of Texcs, p. 108, 1944.

Sodium Sulfate

Sodium sulfate, N32304, is onc of the basic compounds in the
chemical industry. In the Unitcd States it occurs as brines of alkali
lakes im many of the westcrn stetese Although some sodium sulfate has
always bcen recovercd from this sourczc, until reccntly most of the eom-
merclial sodium sulfate was salt cake, 2 byproduct in manufacturing
hydrochloric acid from common szlt ~nd sulfuric acid. In the Trinity
River tributary arca natural sodium sulfete occurs in most of the alkall
lekes of north 2nd west Texas.

A number of sodium sulf=tec minerals occur in ~lka2li lakes; the
more important are thenardite (Na2504), glaubcritc (NepSO04.0eSC,), and
mirrbilite (NapSC4.10H50). Except thenardite which is white, cll of the
minerals crc transparent, colorless crystals that erc bitter or salty to
the tastc. Much of the sodium sulfate is in thc brine which saturates
the sand and silt of thc "2ke fille In o fcw alk=lil lake beds, sodium
sulfatc mincrcls, principally mirebilite, occur beneath a few fect of
clastic scdiment,

The greatest industricl usc of sodium sulfate is in the man-
ufacturc of kraft papcr by the sulfatc proccss of making wocd pulpe. Other
uscs are in the manufacture of heavy chemieesls, reyon and textiles, glass,
the standardization of dyes, and as a flux in metallurgy.
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Natural sodium sulfatc is »nroduced by pumpiag the dbrinc from -
shallow lakcs and cvanorating to dryncss or precipitating the eontained
solids under carcfully controlicd tempcrature conditions.

A recent trcnd to abandon the sulfuric acid method of manufaeturc
of hydrochloric ~cid for thc gaseous combination of hydrogen nné chlorinc
has rcsulted in 2 shortagc of sslt eake. The deficicney has been made up
by imports of largc quantities of sodium sulfatec from Germeny ~nd imports
of naturnal sodium sulfete from Fasxatchcwan, Canada. The domestic cutput of
r.wural sodium sulfatc from alkelil lzke brincs rnas increcsed markedly but
the total qucontity from this source is only o smill perccntege of the
United States consumption. The development of < larec kraft paper
industry using thc pinc ferests of the South hns creatcd an important marke
for sodium sulfatc produced in 2lk~li lakes of the Trinity River tributary

“TCl.

Occurrences of sodium sulfate in the Trinity River tributary ~rca

In twe Trinity Rivir tributnry ercn sodium sulf:tc is rcported
from nlk~ll l~kes in B-ilcy, Cochr:in, Gnincs, Hockleoy, Howard, Lamb,
Lynn ~nd Terry Jountics. Sodium sulf:te 1is 2lso known from underground
watcrs of the Cr.otncecous rocks of ccntral Texas nnd the Pennsylvanian
rocks 2t Mincral »lls, Prlo Pinto County, Tixnse The probnblce source ot
the sodium sulf-.tc In the zik-1li lakes is the underlying Perminn
gypsiferous rocks of the fermizn Busin,

Sodium sulf~t: is being rroduccd in . he Trinity River tributary
~r¢~ by the arizon~ Chimicnl Comp-rny, <~ subsidi-ry of thc samerican
Cyonamid ond Chuemic~l Corporntion, in plants 2t O'Donncll, Lynn County,
=znd Brownficld, Tcrry County, Tcx2s. The product goes ~lmost cntirely
to the kraft »apcer industry., The first output ef th~ plnonte was In 1938,

Rescrves

Grcnt cuontities of sodium sulf-t c¢xist in thc btrines of
21kn1i 1nkes ~nd well woters in the western nort of the Trinity kiver
tributary -rens A rel tively new -nd rapidly cxponding market for sodium
sulf-te exists in the kr~ft noper industry which uses the pine forests
of E.st Texns, Ark~ns~s, :=nd Louisi~nn. Howcver, to compete with forelgn
sodium sulf-te which c¢-n be 1 norted t Gulf ports ~t -~ compcrntively
low price or s~1t cnke which c¢an be manufacturcd from sulfur -nd srlt
prcduced clong tho Gulf co-.st, thc cost of nroduction of the nttural
sodium sulf-t. ~ust hc kcpt -t 2 minimum,
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SULFUR

D. M. Kinney, United States Geological Survey

Sulfur is a non-metallic yellow mineral which has a hardness
of 1.5 to 2.5, a specific gravity of 2.05, and melts between 234° and
2480 F. Solfur is . pour conductor of heut wnd electricity ard is insol
uble in water.

Over 70 percert of the Uiitud Stites consumption is made into
sulfuric acid and an additional 16 percent is converted to calcium bisul
fite and sulfurous acid for the sulfite conversion of wood pulp to paper
Principal uses of sulfuric acid are in the manufacture o super-phosphat
fe *ilizer, refining of petroleum products, manufacture of chemicals,
the pickling of metals prior to galvanizing and tin plating, and in
storage batteries. Native sulfur is used in the manufacture of syntheti
‘rubber, the vulcanizing of rubber, and the preparation of insecticides
and fungicides.

The Gulf Coast of Texas produces more than 80 percent of the
world's sulfur output and has sufficient reserves to maintain such pro-
duction for many years. The sulfur is associated with limestone, anhy-
drite, and gypsum in the cap rock of salt domes, structures which have
great importance in the localization of o0il in the Gulf Coast area. No
sulfur is ;roduced at the present time in the Trinity River tributary
area, but the planned development of the Mosc Bluff dome almost on the
banks of the Trinity Fiver in Chambers and Liberty Counties, should
make the area a substantial prcducer.

Irn the typical sulfur-bearing salt dome the cap reck is made
up of a layer of porous limestone resting on a thicker layer of anhy-
drite, in part altered to gypsum. The anhydrite in turn rests cn the
salt. Sulfur impregnates tre porous limestone as seams and cavity fill-
ings; a barren can rock limestone which varies from 5 or 10 feet to 200
feet in thickness overlies the sulfur-bearing rock. The sulfur-impreg-
nated limestone may vary from 25 to 300 feet in thickness and must sver-
age 100 feet in thickness to be workable. The actual sulfur content of
the porous limestone in commercial deposits ranges between 20 and 40
percent.

The sulfur in the porous limestone cap rock is extracted by
the Frasch process in which superheated water (300° F., plus) is pumped
into the sulfur-bearing rocks and the molten sulfur is blown to the
surface by compressed air. The molten sulfur is then pumped into woode:
storage bins where it hardens. Sulfur which also occurs to some extent
in the anhydrite layer near the limestone cap rock contact cannot be
extracted 'y the Frasch process because the anhydrite lacks porosity
for the circulation of the superheated water. One well is capable of
removing the sulfur from one-half acre.

Gulf Coast sulfur controls the world markets. The native
sulfur deposits of Sicily have great reserves and are favorably located
to supply the industrialized European market, but because of the cost
of mining, inefficienci»s of extraction, a high tariff, and the impurity
of th: final product, th2y do not present serious competition even in
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the European market. Pyrite (FaSs) is the greatest competitor of sulfur
in the manufacture of sulfuric acid as it is freguently a byproduct of
metal and coal mining. Sulfur is also obtained as a byproduct from
gases of industrial plants and considerable sulfuric acid is made from
flue gases of smelters treating sulfide minerals. The development of
the Trinity Eiver north of Liberty would make cheap barge transportation
available for sulfur produced from the Moss Bluff dome, thus stimulating
the development of the dome and enhancing the value of the deposit.

Occurrence of Sulfur in the Trinity River Tributary Area

Sulfur is known to occur in commercial quantities in only 8
of the more than 200 known salt domes of the Gulf Coast area. In Texas
the developed sulfur-bearing salt domes are ccncentrated between the
mouths of the Brazos and Colorado kivers in Matagorda, Brazoria, Fort
Berd, and Wharton Counties, southw=2st of the mouth of the Trinity River.
These domes are limited to a band extending 70 miles inland from the
Gulf of Mexico.

In the Trinity Fiver basin the Moss Bluff salt dome in Liberty
and Chambers Counties is kxnewn to contain sulfur in the limestone cap
rock. The Moss Bluff dome is elliptical in ground plan with dimensions
of 13 by 2 miles at a depth of 900 feet. The cap rock extends io within
650 feet of the surface and salt is penetrated at a depth of 1,170 feet.
The Moss Fluff dore has proved to be only a small petrcleum producer and
the arza is reported to have been leased and extensively drilled by =a
ma jor sulfur-producing company. The company is said to be planning
development As soon as equiprment is available. The great majority of
the salt domes in the Trinity River tributary area arc more than 15C
miles from the Gulf of Mexico and on an empirical basis the sulfur possi
bilities of these domes are slirht,

KReserves

Sulfur reserves at the Moss Bluff salt dome have nct becn
published. However, if a major sulfur-producing company is planning
developrent of the dome, the reserves must be large inasmuch as the
capital investment in a Frasch process plant is considerable.
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COPPER

A. E. Weissenborn, United States Geological Survey

The uses of copper are too well known to require discussion
here; the importance of this metal in the national econc..iy has been all
too ~learly demonstrated during the war period. This country has for
mary years led the world in the production of copper, but despite
greatly increased domestic pi1oduction and large imports from foreign
sources, supplies were insufficient to meet wartime de—ands and the
use of copper had to be restricted to the inost essential military and
civilian needs.

Arizona, Utah, ard Montara are the principal copper-producing
states. Together with New Mexico, Nevada, and Michigan they account
for approximately 97 percert of the copper produced in this country.
Texas contributes only about 7.0l percent to the total domestic produc=-
tion, and there has been no production of significance from Cklahona.
None of tre Texas nroduction comes from the Trinity River tributary
Arcdae.

Although the Trinity kiver tributary area has never produced
apprrciatle amounts of copper, it should not be inferred that deposits
of copper are unknown in the region. Or the contrary, deposits of dis-
seminated copper minerals are widely distributed in the sedimentary
rocks of Fermian age throughout west Texas and Oklahoma. These deposits
are known as the "ked Bed" tyve of deposits because of their close asso-
ciation with sedimentary rocks predominantly red in color. Other exam-
ples of this type are found in New Mexico, Arizona, Colorado, Wyoming,
Jtah, and Ideho as well as in various places in Ekurope, Central Asia,
Turkestan, Scouth America, and other parts of the world.

Although the Red Bed copper deposits are scattered throughout
tre world, the copper content is generally so low that devosits have
not been an important source of copper. In a few places the deposits
have been successfully exploited. The best examples of successtul opera-
tion in this country are the Scholle, Nacimiento, and Pastura deposits,
all in New Mexico. The total production to date from these three local=-
ities, however, probably amounts to less than 14,000,000 pounds of
copper. This producticn, althouglh of local importanrnce, is less than a
gsirple month's output of one of the large porphyry copper mines, and
conseguently, is of slight significance in the national ecrnomy.

Over a period of many years numerous attempts have been made
to mine the hed Bed deposits in the Trinity tridbutary area, but so far,
none have been successful. Of recent years ore from the Pastura deposit
in New Mexico has commanded a premium price at the El Paso smelter due
to its high silica content. The Pastura mines are approaching exhaustio:
and should the demand for high silica ore continue, it would tend to
encourage the search for siliceous ores from the similar deposits of the
Trinity tributary area. The demand for this purpose is limited, however
Exploitation of the Red Bed deposits on a large scale would require an
increase in the price of copper which cannot now be foreseen, even taking
into account the serious depletion of this nation's reserves of copper
as the result of wartime demands. Lower freight rates which might result
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from canalization of the Trinity River are not likely to have much
effect on the development of the Ked Bed copper deposits.

Occurrence of Copper in the Trinity River Tributary Are:

General Geology of the Red Bed Deposits

The sedimentary, or ked Bed copper deposits, are with few
exceptions restricted to rocks of Pennsylvanian, Permian, or Triassic
age. There see—s to be some ev.dence that the copper minerals in at
least some instances were deposited in shallow synclinal basins within
trese rocks. nlthough the rocks with which the deposits are associated
are dominantly r~d4 in color, the particular beds in which the copper is
actual.y fcund are more apt to be white or light gray. The copper
ceurs in arkosic sandstones, shales and conglomerat=s and is commonly
associated with plant remains or fossil wood. The mineralogy of the
deposits is =«‘~"kingly similar the world over. Most of the copper was
daposited as chalcocite, commcnly associated with iron sulphides and
is found cemernting sand grains, as replacements of plant remains,fossil
wood ané iron sulphides, or as discrete nodules in sandstone and shale,
Chalcopyrite, covellite, and bornite may also be prssent. In places,
especially on the outcrops, the copper sulphides have t2en more or less
completely oxidized and the sulphide minerals altered to malachite,
azurite and chrysocolla, or more rarely, to cuprite, “ecnorite, atacamite.
and native copper. Vanadium and uranium are found to bhe associated with
the copper in some places, WNickel, chromium, molybdenum, lead, and
silver also occur in varying amounts. Barite, calcite, and gypsum are
found in the copper-bearing oeds, but they are equally abundant in
other beds from which copper is abtsent and appear to have no close
gen¢< :ic relationship to the copper minerals.

“istributicn of the KRed Bed Copper Leposits in the Trinity River Tribu-
tary Area

Copper Teposits_in the Permian kocks - The numerous copper-stained
outcrops in the Trinity tributary early attracted the attention of
trappers arnd prospectors and are meutioned in the report of the Marcy
Ixpedition which explored the Red River irn 1852. Tre green-colored out-
crops of the ked Bed deposits are not only corspicuous but they tend to
five an exagperated impression of the proportion of copper actually con-
taired in the beds; this has lead to numerous unsuccessful attempts to
develop them.

In the Trinity tributary area the sedimentary copper deposits
are almost entirely confined to Permian rocks, although the copper-bear-
ing beds are found at several horizons within these rocks. Permian
rocks do not crop out anywhere in the Trinity River drainage basin;
consequently all the copper deposits of the tributary area lie outside
the Trinity River watershed.
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In the tributary area part of Texas, copper deposits arse
known in the Wichita, Clear Fork, and Double lountain groups of the
Per.ian. The deposits in the Wichita group crop out priacipally along
the Big and Little Wichita Rivers in Archer, Clay, Montague, and Wichita
Counties. The most conspicuocus outcrops are near Archer City and unsuc-
cessful attempts were made to mine them many years ago. Copper deposits
in sandstones and shales of Clear Fork age are reported in Baylor,
Throckmorton, Haskell, Jones, and Taylor Counties, over a distance of
approximately 90 miles. The most extensive prospecting appears to have
been done in the vicinity of Avoca in Jones County where drilling is
said to have cdisclosed the presence of discounected lenticular ore
bodies throughout a length of several thousana feet. Other areas re-
ported to have been prospected at one time or another are in the vicinit)
of Seymow in Baylor County, and Buffalo Ga» in Taylor County. Copper
showings in the Double Mountain group are known in Stonewall, King, Knox.
Foard, and Harderman Counties. Prospecting has been carried on in the
vicinity of Buzzerd Mountain in King County, Knox City in Knox County,
and near the town of Vivian in Foard County.

Copper deposits in Perrian rocks in Oklahoma are found in a
grest many localities, and over a wide area. In Garvin County a few
tons of ore have been shipped from a prospect near Paoli, and a small
production has been reported from the Byurs prospect 4 miles southwest
of Byars in McClaire County. The ore is said to have contained consid=~
erable silver in addition to tre copper, but the operation was not suc-
cessful and there ras been no work done since 1913, Some prospecting
has also been renorted near Lela in Pawnee County and in the vicinity
of Eillsdale in Garficld County. Copper showings have also been ob-
served in Blaine, Caado, Grant, Greer, Kingfisher, Lincoln, Logan,
Major, Noble, Pontotoc, Pottawatomie, Seminole, Washita, and Woods
Counties, and doubtless there has been desultory prospecting in count-
less localities other than those svecified,.

Copper Deposits in Locks Other Than Permian - A copper depcsit
filling a fault in rocks of Fennsylvanian age is fournd in western
Okfuskee County, Oklahoma. Twe unsuccesstul attempts have beern made
to mine this ore, the latest being in 1934 ..hen 30 tons of ore were
shkipped to the El Paso smelter. The deposit is of interest as it is
one of the few in the Trinity River tributary area not assoctated with
Permian rocks. C. A. Merritt of the Oklahoma Geological Survey believes
that the copper was deposited from meteoric waters which circulated
through the fault 2one and whieh presumably obtained the copper from
overlying Permian sediments now eroded away.

From time to time, showings of copper have been discovered in
veins in pre-Cambrian igneous rocks in the Wichita Mountains of Oklahoma
but nothing has been found to date which would indicate that the depo-
sits are of any importance.
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Reserves

Although some of the individual deposits appear to have been
fairly thoroughly tested, there has been no systematic investigation of
tt.e Red Bed deposits of the Trinity River tributary area as a whole,
and specific figures of reserves ot copper in the rermian beds cannot
be given. The statement can be made, however, that the tonnage of
copper contained in these rocks is large, but that except locally the
grade is so low that the deposits cannot be worked under present con=~
ditions, or under any conditions which are likely to exist in the fore-
seeable future. They should not be regarded as a reserve in the ordinar;
sense of the term, but rather as a resource which might be utilized in
some period of national emergency or in the distant future when other,
higher grade deposits in this country are exhausted. This does not
preclude the possibility that small deposits, favorably situated, and
with a higher copper content that the average might not be mined, par-
ticularly if the ore receives a premium for its silica content.
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IRON ORE

H. B. Stenzel and H. C. Fountain, Bureau of Eeonomic
Geology, University of Texas, and D. M. Kinney,
United States Geological Survey

Iron ore deposits are present in east Texas and in the
Arbuckle and Wichita Mountains of southern Oklahoma. The east Texas
iron ores have been known for over a hundred years but were not mined
0. a large scale until the years 1944 ard 1945. In these years spec-
tacular industrial developmernts new to Texas and the great demand for
iorn and steel focused public attention on this natural resource. Only
a few of tre deposits in Oklahoma have been mined and the principal out-
put has been used in the manufacture of special "low heat" Portland
cement.

The iron ores of east Texas are of twe kinds: the brown ores
and the carbonate ore. The brown ores are composed of an intimate nat-
ural mixture of several iron-containing minerals and some impurities.
This mixture is commonly referred to as limonite. Hence the brown ores
are also called limonitic ores. However, according to Galbraith (2) ;/
X-ray examination reveals the limonitic ores to be composed of a fine
mixture of about 80 to 85 percent of the mineral goethite (Fegos.ﬂgo)
arnd 15 to 20 percent of the mineral hematite (FegNq). The impurities
generally consist of sand grains of quartz (SiO2), pleces of clay or
shale, more or less weathered grains cf glauconite, and sorie phosphatic
materials.,

The limonitic ores assume many different shapes and struc-
tures. The nodular or concretionary ores have an endless variety of
form as nodules or concretions or honeycombed, botryoidal, stalactitic,
and mammillary irregular masses. Colors vary frem ocher-yellow to
brown to nearly black. Hardness varies from soft and crumbly to medium-
hard; usually the lighter the color of the ore the softer it is. The
laminated ore usually is in only one horizontal and extensive bed of
solid, medium-hard, brittle, brown, thinly laminated limonitic ore.

Trhe second type of east Texas iron ore is the carbonate ore,
This ore is composed chiefly of the mineral siderite (Fe®0z). The
mineral siderite, if pure, i{s very heavy (sp. gr. 3.7 to 3.9) and
medium-hard (Mohs scale 3} to 43), and contains 62.1 percent FeO and
37.9 percent COp. The carbonate ore contains sand grains of quartz
(Si0p), pieces of lignite, grains of glauconite, and other impurities.
it forms dense, horizontal ledges found usually associated in groups,
in which the individual ledges are discontinuous.

Irun ores,together with coals, are the fundamental geologic
raw materials of heavy industry, which in turn is the backbone of
modern technological civilization and the power of -~-~*ions. Most of
the iron ores mined are used for the making of iro. und steel; only
2 very small amount is used for other purposes such as the manufacture
of paints, cements, ferromagnesite, hydrogen gas, concrete aggregate,
the purifying of gas, as flux et nonferrous smelters, and for heavy

1/ See reference in bibliography.
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drilling mud. Less than 0.15 percent of the total iron ore produced
in the United States in 1934 went to these minor uses (5).

The iron ores of east Texas are mined in open pits. At the
plant of the Lone Star Steel Company the raw cre is taken by dump
trucks to the plant near by. There it is dumped at the top of the
treating plant, which washes the raw are and concentrates it. The
treating plant is constructed along modern technological lines specially
designed for the type of ore handled.

Mining of iron ore and smelting of iron were greatly expended in
the United States during the war years,1941-1945. During these years
the demand for ore and steel was unprecedented by peacetime standards.
It is generally pradicted that during the postwar years steel produc-
tion in the United States will be larger than in the years befare the
war (about 46,500,000 tons), but also considerably smaller than during
the war {about 80,000,000 tons) (5), How much of the increased peace-
time production of iron ore will be shared by the east Texas mines s
not clearly predictable. Such major iron ore producing centers ar .ne
Lake Superior and Birzjincham districts will continue to supply most of
the ore needed for the national economy. In comparison with these
large producers of iron ore, the output of the east Texas region is
very small. Even at the veak of its production, in 1944, the east
Texas region produced 303,682 gross tons of crude ore out of a total
of 111,020,145 gross tons for the entire United State3, or merely 0.27
percent of the total (%&).

Duimand for steel products has accumulated during the war in
every civilian category. Ti:zis .ent-up demand is certain to assure great
production of steel and iron ore for several years to come. In the
region covered by and adjacent to the Trinity River tributary areer the
chief uses of civilian steel products will be in the form of automobiles
and other vehicles, railroad rolling stock and rails, construction mate-
rials for buildings, highways, and bridges, and materials for the petro-
leum industry. It is estimated that the petroleum industry of the Unite
States will consume arnually 2,400,000 tons of steel largely in the form
of drill pipe, line pipe, and casing (5).

East Teaus iron ores were shipped in 1944 to blast furnaces
in the Birmingham district of Alabama and in Houston, Texas. The iron
ores are in an advantage. s position as to shipping distances insofar
as the steel produced in the region can be manufactured locally into
shapes used by consumers in the trade territory in the construction,
oil, and other industries.

Occurrence

The east Texas iron ores are part of, or are derived from,
the Weches ¢reeiwuid l.ember of the Mount Selman formation of the Eocene
Claiborne group g/. This greensand member with its attendant iron ores
- --—-—-«——-_...-—\

2/ ™irches fe;mation" fusteud of "Veches grecusand memer ol the dount
Selmen formetion' is used in some recent o807 a,1c repertse

—



178,

extends through the following counties: Cass, Morris, Marion, Harrison,
Upshur, Wuud, Sxith, Ven Zandt, Henderson, Rusk, Cherokee, Auderson,

N: coruoches, Hcuston, and Leon. The iron ore region may be divided

into two basins. The North Busin is separated from the Suuth Basin
rou-hly uleng a line about 15 miles north of and parallel with the
course of the Sabine River. This line runs approximately through the
town of Gilier in Upshur County.

The North Basin ores are chiefly of the nodular or concre-
tionary type; the South Basin ores are chiefly laminated ore. Carbonate
ore occurs in both basins. The nodular or concretionary ores are dis-
tributed throughout the weathered part of the Weches strata in the
North Basin. The laminated ore of the South Basin forms a nearly con-
tinuous ledge of varying thickness at the top of the weathered 'Weches
formation, where the ~‘eches and the Sparta formations are in contact.
The nodular or concretionary ores and the laminate® ores are products
of the wezthering in place of the Weches strata. These strata in the
fresh, unweathered state contain manv iron-bearing minerals, of which
the most common are glauconite (a complex iron-alumina silicate),
siderite (FeCOz), and pyrite or marcasite (FeS2). Through the pro-
cesses of weathering these minerals have been changed into the limo-
nitic iron cre; at the same time the iron content of the mass has been
concentrated ard partly segrepated so that the resultant ores are
richer in iron ther the unweathered rocks of the lieches. In conform-
ity witht the nature cf the weathering processes, chiefly leaching and
oxidation, the resultant limonitic iron ores are found above the
ground water table, that is, above the zone of continuous saturation
with ground water. Hence the limonitic ores are mined in open pits
above the ground water table, and encroachment of ground water is
not a problem.

In the North Basin and in the northern part of the South
Basin the iron ore is found in more or less isolated hills or larger
plateaus that are erosion remnants of a once continuous cover of
‘leches rocxs. These ercsion remnants are usually the highest hills
of the area and form the divides between major streams and creeks.
The larger of the isolated hills and the plateaus are covered by a
loose, white-gray sand soil that {s derived from the weathering of
the 3narta formation, which caps the Weches strata. In the isolated
hills the ‘‘eches is usually thoroughly weathered; but on the larsger
plateaus the vieathering extends only along the outside frinfe and,
as usual, tre limonitic ores are found only in the weathered portions.
Toward tre south, that is, in the south part of the South Basin, the
“leches strata gracually dip underground and become covered by succes-
sively younger sedinentary rocks. This condition sets a limit to the
southward extent of the “eches and its attendant ores.

The Oklahoma i=on ore deposits are present in the Wichita
lMountains of XKiowa and Comanche Counties and in the Arbuckle Mountains
of Murray, Johnston, and Pontotoc Counties. The deposits of the
Wichita Mountains are preuominantly titaniferous magnetite deposits,
although one deposit of hematite is known from Comanche County. The
deposits in the Arbuckle lountains are principally brown iron ore.
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The deposits of titaniferous magnetite in the Wichita Moun-
tains are irregular masses in anorthosite gabbro, a heavy, dark igneous
rock of pre-Cambrian age. The magnetite has been concentrated to a
limited extent in the residual soil overlying the anorthosite areas
and is frequently coated with limonite and hematite. Run of mine mate-
rial averages about 15 percent iron. The average titanium content is
about 8 percent. As ore with a titanium content of over 1 percent is
not acceptable for use in iron furnaces, the deposits are of no present
value as a source of iron ore. The deposits have been tested by pits,
trenches, and shafts.

The hematite deposit in the Wichita Mountains is a bedded
deposit about 40 feet above the base of the Resgan sandstone of Cambrian
age. The hematite bed varies from a few feet to 21 feet in thickness
and can be traced for at least a mile along the outerop. The hematite
ore averages about 30 percent iron. It was mined for a short time for
paint manufacture in Oklahoma.«

Brown iron ore is found ir the Arbuckle Mountains of Murray,
Johnston, and Pontotoc Counties. The ore is associated principally
with the limestone and dolomite of the Arbuckle group, although some
deposits are found in the Simpson group and the Viola and Hunton lime-
stones. The masses of trown iron ore may adhere to country rock or
occur as loose fragments in residual soil overlying unweathered rock.
The iron deposits commonly have been localized by faults or folds.

Little is known of the size of the brown iron ore deposits,
although some extend over several acres and a shaft 20 feet deep was
still in ore. However, individual deposits are believed to be small.
A few derosits were worked in 1939 and 1940 to supply the Oklahoma
Portland Cement Company with iron ore for the manufacture of special
"low heat" Portland cement. A small amount of the output went to
iron foundries in Oklahoma. Probably less than 5,000 tons of iron
ore were mined from the deposits in Johnston and Pontotoc Counties.

Reserves

The wide distribution of the Weches greensand member of the
Mount Selman formation 3/, and its attendant ores indicates that the
iron ore reserves of east Texas are huge. An estimate of the reserves
was made by the United States Geological Survey in 1938 (1), and is
given in the following table.

59/ The term " erlies sjormction” iasce.d of ".eches greensand member of
the hount Selman formation" is used in somo recent geologic reports.
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Possibly available,
but too thin or low- Total

Area covered
by probably

Area cevered

Probtably available by possibly

now or in near srade for large scale Reserves available ore available or
County future (Long TQiilg, operations (Loaz Tons Long Tons (Acres) (Acresz
North Basin
Cass:
East of 5325 41,679,00C 5,215,000 47,194,c0¢C 8,80C 2,2CJ
West of 93°25! 18,451,000 3,185,CCC 21, v3c, 200 2,00C 1,520
Total: 60,430,000 &,400,00C £8,830,00C 16, 50C 3 700
Morris 28,338,000 560,000 28,838,000 3,0¢C 5C0
Marion 5,313,000 1,R19,0C0 7,132,00¢ 000 1,500
Upshur (3scimated) 4,0CC, 000 1,00C,0C0 _5,0C0,00¢ 80C £00
Total serth 3asin §8,C81,000 11,719,0Ce 109, £00, 000 15,000 5,020
(Continued)
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future (Leng Tons)

(Continued)

Pocsibly available,
but too thin or low-
grade for large scale

overations (Long Tons) (Long Tons)

South Basin

Cherokee:
Near Rusk
Near Dialville
Fassell Mountain
Mount Haven
Near Reese
Other Areas

Total:
Henderscn:
Near Browvnsbore
Other Areas

Total:

Anderson
Other Counties

Total - South Basin:

Grand Total:

16,503,000
12,954,¢0C
2,026,00C
4,376,000
1,9b5,00C

B Y

38, 404,00C

1,634,000

1,034,0(C

.0,038,60C

139,118,00C

1,606G,00C

7,00C,000

6,127,C00

12,64%,0CC

2.C6C, GGG

3C,77C,CCC

42, 489,00C

Area covered

Area covered

Tctal by “robably by nossibly
Reserves available ore available ore
(Acres) (Acres)
— L, ose —
_— 3,60C P
—— o7% _—
- 75C —
o
[ J-/ —
_— - 2,000
ks, ok, coc 9, T7% 2,e0c
4,843,00C 28C s W I
2,918,000 o, 1,70C
7,761,00C 280 2,000
12,643,CCu - 6,50C
5,000, 60C — 20€
(-]
7r,7C3,00C 10,€55 11,500 3
L ]
1€C,5C8, 400 25,6553 17, 60C
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This estimate is regarded at present as essentially correct
except that newer geological findings have disclosed a much greater
amount of carbonate ore present than had been known at the time this
estimate was made. Geologists of the Lone Star Steel Company estimate
that in the tract of land near the company's furnace in Morris County,
total ore reserves contain about as much carbonate ore as limonitic
ore. This discovery in effect doubles provious estimstes of total
reserves in the area surrounding the Lone Star Steel Company plant.

The older estimate gives about 28,000,000 long tons of iron ore probably
available now or in the near future in all of Morris County. However,
on areount of the recent discovery of the extent of the carbonate ore,
it seems that this figure would fit approximately the reserves con-
tained ir southeastern Morris County in the vicinity of the Lone Star
Steel Company mines alone. Additional exploratory work, particularly
for carborate ore, may make it necessary to revise upward the estimates
for some of the other deposits.

The tonnage of titaniferous magnetite available in the Washite
Mountain area is probatly very large, although the tonnage available
for immediate recovery from residual deposits is limited. The anortho-
site gabbro country rock's percentage of magnetite is very low and the
unaltered rock could rnot be mined at a profit even if a market for
titaniferous magnetite existed. Only one deposit of hematite is known
and it is too low-grade for metallurgical use, although some of it
might be mined for paint pigment. The brown iron ore deposits in the
Arbuckle Mountain arca have large reserves but the deposits are low-
grade and are small ard scattered. The best market for the brown iron
ores is probably in the manufacture of special Portland cements.

Producing Companies

Companies producirg iron ores or iron and steel in the Trinity
River tributary area and the location of their plants and mines are
given below:

Lone Star Steel Company, Daingerfield, Mine in southeastern

Texas. Morris County, Texas.
Products: Raw and beneficiated iron Ore washing and beneficia-
ore, coke. tion plant, coke ovens,

and blast furnace in
southern Morris County,
Texas. Blast furnace
not in operation.

Madaras Steel Corporation of Texas, No mines.

Longview, Texas. Fxperimental steel plant
planning to produce steeol
castings near Longivew,
Texas.



MeCrossin Engineering Company, Rusk,

Texas ,

Planned Products:

Charooal, pig

iron, methanol, acetic acid, wood
tars, and other charcoal byproducts.
Construction of plant suspended.

National Lead Company, Baroid Sales
Division, Texarkana, Texas.

Product:

conditioner.

0il well drilling mud

Sheffield Steel of Texas, Houston,

Texas.
Products:

sheet bars, etc.

Irgots, blooms, billets,

Production

169,

Mines near, Rusk, Cherokre
County, Texas.

Mine in Sucratt survey,
near Linden, Cass County.

Mines near Linden, Cass
County, and Jacksonville,
Cherokee County, Texas.
Blast furnace and rolling
mill in Houston, Texas,
in production.

Tre production of iron ore for the six-year period, 1939 to
1944, in the Trinity River tributary area !

siven in the following

table. Iron ore was not mined in the area in the years, 1920 to 1939.
Crude Ore Iron Ore Shipped EBeneficiated
Adined Content From Ore Shipped
{Gross ('n Mires From Mine Active

Year Tons) Percent) {(Gross Tons) (Gross Tons, Mines

1939 10,361 §1.32 5,511

1940 5,453 (a) 51.5C 8,665 (a) 27,879 (b) Linden mine,
Cass County

1941 19,718 (c) 52.50 11,278 (d) Linden mine,
Cass County

1942 46,212 (e) 52.51 19,423 (e) Linden mine,

" Cass County
(18,377 (e) short tons of usable iron ore produced.)

1343 None 17,792 (e) No mine
active in
east Texas

1944 303,682 46,50 275,531 3 mines

All data from United States Bureau of Mines publications (5, 6)

(a)
(b)
(e)
(d)
(e)

Includes Oklahoma.
Includes Tennessce.
Includes Scuth Dakota and Virginia.
Includes Oklahoma, Tennessee, and Virginia.
Includes Virginia.,
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MANGANESE

D. M. Kinney, United States Geological Survey

NManganese is an essential raw material in the manufacture of
steel. ‘he manganese is used in making ferromanganese and spiegeleisen
which are added to the melt to remove oxygen and sulphur and to add the
proper amount of manganese and carbon to the steel. A small amount of
electrolytic manganese is now used in steel manufacture. Even under
the stimulus of high prices during the war, domestic production was
unable to supply more than 13 percent of the United States requirements,
although a larger percentage could have been produced had the need
arisen and had lower grade ore been used. Under ordinary conditions
metallurgical ore must average 48 percent of manganese and contain less
than 0.25 percent of phosphorus. During the war ore averaging only 35
percent of mangarese was utilized and material containing as little as
20 percent of manganese and carrying as high as 1.0 percent of phosphorus
were purchased by the Government and stock-piled.

Manganese commonly occurs in nature as one of the oxides or
as a mixture of the oxides. The oxides of manganese are black minerals
of variable hardness; the common manganese oxide minerals can only be
identified with certainty bv their X-ray patterns. Manganiferous
calcium carbonate (Mn,CaC03), and rhodochrosite (MnCO3), are associated
with the oxides in many places.

In 1942, 95 percent of the manganese ore in the United St tes
was used in the ranufacture of manganese alloys--90 percent of this
quantity was used in making ferromanganes, S percent in spiegeleisen,
and 5 percent in silicomanganese. Other uses of manganese are as a
depolarizer in dry batteries, in the manufacture of hydroquinone, in
the manufacture of mangancse sulphate for fertilizer, as & coloring
agert in paints and ceramics, and as a dryer (oxidizer, in varnish,
Japan, and printing ink. The material for use in dry batteries must
have a high available oxygen content, with minimum iron and be free
from arsenic, copper, nickel, and cobalt.

Steel furnaces which would serve as a market for manganese
produced in the Trinity River tributary area are lccated in Houston,
Texas, Birmingham, Alabama, Kansas City, Mi.souri, and Fast St. Louis,
Illinois. Manganese oxide mined in the Trinity River tribtutary area
might zlso be used locally as a ceramic coloring agent in giving btrick
a gray, black or mottle gray, and black surface.

Occurrence of Manganese in the Trinity River Tributary Area

In the Trinity tributary area manganese deposits are known
at several localities near Bromide in Johnson and Coal Counties, Okle-
homa, at the eastern end of the Arbuckle Mountains, and from the Ouachita
Mountains in northeastern McCurtain County in the southwestern part of
the state. Manganese is reported from Triassic sandstore in Dickens
County, northwest Texas, but the deposits have no commercial possibiles
gtifs. No manganese deposits are known from the Trinity River drainage
85 n.
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Near Brcmide the manganese devosits are small replacement
bodies in the Chimneyhill limestone of Silurian aee. The replacement
deposits have been localized along faults and consist of a mixture of
dark, reddish-brown, manganiferous calcium carbonate and black manganite
with some manganocalcite and rhodochrosite as veins and cavity fillings.
This ore averages more than 35 percent of manganese. Other deposits
consist of manganocalcite, hematite, and hausmannite which average less
than 20 percent of manganecs , and manganiferous ankerite, which contains
between 6 and 18 percent of manganese. In places these low-grade depos-
its have been concentrated to small high-grade ore deposits.

The manganese deposits in the Quachita Mountains are in the
lower part of the Arkansas novaculite, a hard, white, cherty rock of
Devonian or Mississippian age. The manganese occurs as the oxide on
bedding planes, along joints, as thin veins cementing brecciated nova-
culite, or as pockets in the novaculite. The manganese oxide, in small
amounts, is disseminated generally through the lower part of the Arkan-
sas ovaculite, but very infrequently has it been concentrated suffici-
ently to maeke a workable deposit. The ore averages about 0.35 percent
phosphorus and is high in silica.

Reserves

The manganese deposits near Bromide have been estimated by
2. F. Hewett of the Jnited States Geological Survey to contain 5,000
tons of material assaying more than 35 percent of manganess. This
estimats mieht be doutled if material assaying as low as 15 percent
manganese were included in the cre estimate. The quantity ot manganese
oxide in the Arkansas novaculite of the Ouachita Mountains is probably
very large. However, the deposits are believed to be too disseminatzd
to constitute cre as the manganese oxide rarely constitutes as much as
20 percent of the rock.

Production From the Trinity River Tributary Area

1935 No Prod ~tion
193¢ No Product.icn
1937 No Production
1938 No Production
1939 No Prcduction
1940 No Production
1941 40 Short Torns
1942 31 Short Tons
1943 265 Short Tons

1944 No Production
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Zine and lcad arc mincd in the imnortant !'iami-Piehcr arcae of
Oklahoma, northeast of the Tririty ‘ributary arca, Therc has bcen no
~roductior of si mificancc of thesc motals from cither thc Toxas or
Oklehoma »arts of the tributary arce although scattercd low-grade dc-
sosits arc found at verious »laces in Oklahoma, There have beeon
ﬂurcrous etternts to dcvelon thesce denosits since about 1900 but all
have Secon anrof1tablo.

Occurrences of zine ~nd.lcad i+ the Trinity River tributary arca

ihe nost irnmert-nt occu.ience of zinc in the Trinity -diver
tributary °rea is the bavis zinc field in the ..rbuckle liountains of
Clhlahome, about 7 -iiles scuthwest of Drvis, .urray County., The denosits
are found in cryst.l.‘ne limestone ond dolomite in the Artuckle lime-
stecne of Unmer Cenmorain or Lo er Crdovician ape which croo out in a zone
about 15 miles lon~ a2nd 500 e-t to cne helf mile wide, The beds dip
from 40 *o 20 derrees *o *thL: northeast »nd exhibit considerable evidence
of ninor fnlding and faultin-~, Ophaelerite (ZnJ) vith ninor amounts of
rrlena (Pbl) cccurs finely dis:erinated throupghout both the limestone
end dolomite cnd at »lrces forms irre~ul~r renlacerent masses in brittle,
frertured dolcnite, ~he chief workin~ at the llone-vober ovwen nit,
cne of the 10r~er rines, wes cleng a verticel shear zone striking northe-
east, ~lon~ which ‘%e s»hrlerite nncd other inerals Hed becn concens
tratedi, .ithin 6 t¢ 8 fret of the surface the swhalerite has been al-
tered tc srithsorite (inC0;), “he zinc mineralization is elosely
associnted with a band of hematite boulders whieh can be traced the
leurtn o the nutcron; the -ine corntent of the rock decreases away from
the band of hematite Loulders, The zinc ore hos been :'ined from open
=»its and shailow nros»e:ts, only a few of wiich reach 40 feet in denth,

Another cceurrence in the lrbuckle rountairs is near Ravia in
Jorhnston Covnty “here teth lead rnd zinc have bteen found in numerous
nfts, sore of which ctend to Jenths ~s reat as 70 feet, -nis de~
-osit is in sonc resme~t: ~colorically similar to these in the Davis
zinc {leid,

Lead is renorted in the ichita .cuntains in Coman-he County,
Oklancma, In 1202 rumors of devosits of rold, silver and other metals
brousl.t ovn a briel ninin- boon ond considerable “rosnectin~ was dcne but
no veriible denosits were ever found, Crlema and chalcenmyrite with
srall nnounts of silver cccur in the Clark and Jennet nrosnect 8 miles
southrest of lecers ond sorme exploration w~s done, bui the rroperty has
been icdle for many years, The mineralization is associated with basic
dilkes in nre-Cambrian -ranite, In the Lawton area, galena with traces of
zinc, copper and silver minerals is found in fault zones in the nre=
Cambrian granite., A number of unsuccessful sttempts have been made to
develcp these de»osits,

Lead and zinc minerals have been found in a number of =laces
in the Ouachita iountains in IcCurtain County, sculheastern Cklahoma,
Several attemnts hove bsen made to mine these lenosits but all have
ended in feilure due to the low rrade sand small size of the deposits,
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The bost krovm 9rosncets -rc north of L~~lotovm rnd in t° - vieiniiyr of
Watson., /t the Johnson comp-r -rosncct near Eagletorm, chrlconyrite,
ralena, sohalerite and nyrite, torether with their oxidation »roducts are
found in & vein in shattered quartzitic sandstone end shale ol the
Stanley shale of JCennsylvanian ape, The demosits were nrosnected in
1917, lear Watson, sphalerite and ralena are found in brecciated zones
in sandstone and a consideratl: ~roduction is renorted to hove come from
this locality many veors ago, & third locality in the Ouachita liountains
is about 5 miles northeast of Glover where sphalerite-bearing veins are
found in the Cambrien Collior shale,.

Reserves and Production from the Trinity River tributaery area

Except for a few trirl shipments there has been no nroducticn
of either zinc or lead {rom the Trinity River tributary area in either
Texas or Oklahoma, and ro denosits are known to occur in the Texas nart
of the area, The knowvndenosits in the ichita and Ouachita Mountains
in Cklahoma are tco smcll rnd low=frade to be of ruch sipnificance, and
reoloriccl conditions coc such thot it does not on-near likely that larger
or richer cCencsits will be found in the future in thesec nreas, The
~rbuckle ['ountain denosits annecar to be somewhat more »romising. Thoy
heve never been successfully worked and cre unlikoly to be worked under
nresent conditions but night le considered a rescrve {or the future,
They have not boen sufficienmtly ccveloned to -ermit estimates of grade
and tonnare,

™e lirmi=licher field in northenstern Oklahomz, onc of the
most -roductive zinc cnd 1l ad nreas in the United States is ‘ust outside
the Trinity River tribuvtarr crea, /. smnll amount of drilling hes been
done in Cherokee county v:ithin the irinity» Jiver tributery nrea in an
cttompt to »ick up o nossicle southward extension of the I'iami-Picher
field, The drilling tc date hrs not dcmonstrated the extension end no
reserves orn bte as.igmed to this »art of the aren. loever, the area has
been very incomnletely prosvected,
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l.lloness, T, ' ,, Geolory of the southern Quachitn iountains of Cklahome:

Oklre Ceole ~urvey, cull, 32, Part II, np, 3£-42, .oril 1922,

24 llclson, CGaylord, Lerd °nd zinc: Okla, CGeol, “urver, 'ull, Yo, 1,
pp. 40-44, Yov, 19Qf.

3.edfield, J, -«,, liinercl rcsources in Cklrhonn: Okle. Ceols Survey,
PpP. 92-96, Iy 1927,

4,%cds, C, i,, . rcnort on the ~colorienl "nd mincr 1 resources of the
~rbucklc ! ountains, Cklehoma: Okle,s Ccole ~urve:, Dull. o, 3,
”p. 59-60, DCC. 1910.

S.5hannon, C, .., Ilendbook on the matural resources of Oklahoma: Okla,
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