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THE 14IHDAL RESOURCES OF THE 'DUNITY J\ IVl!R TRI!UTARY AREA 
IN TUAS AND OKLAHO!&l 

ItmiOOOCTION 
A. E. Weissenborn, Un1 ted States Geolestoal SurveJ 

r.istO~J Of the Project 

!'roposals for the improvement of navigation on the Trinity River 
in Texas have been under consideration for many years. A Federal ,roject 
for the construction of a six-root channel to Dallas, together with the 
necessary locka and da~s was authorized in 1~02. tnder the terns of this 
act and subsequent legislation seven looks and dams and one auxiliary dam 
were constructed b,y the Corps of Engineers, U. s. Armf, but the project 
was never completed. The River and ~~rbor Act or September 22, 1922, direc­
ted the abandonment or the ,roject but provided for a six-foot chanmel tram 
Liberty to the nouth or the Trinity RiverJ the six-root channel was mai~ 

· tained until 1930, when it was abandoned awin~ to lack or traffic. In 
1945 Congress approved the eonstruction by the Corps or Engineers, u. s. 
Army, or a number or reservoirs for flood control along the upper Trinity 
River. Congress also approved the excavation or a nine-foot channel from 
Liberty to the mouth or the Trinity River. It did not authorize the 1~ 
provement of the Trinity River above Liberty, but the Corps of Engiue:r• 
was authorized to investigate further the economic justification or a 
nine-foot chan."l6l from Liberty to Fort WOrth. 

ln J!arch 1945 Colonel George R. Goethels, Chief of the Civil 
17orks Division of the Corps of Engineers, requested the Director of the 
Geolo~ical Surve~.', United States Department of the Interior, to prepare 
a report on the mineral resources of the area that, according to economic 
studies made b:r th~ Cor!ls or Enr;ineers, would be nffected b:~ the canaliza­
tion or the Trinit~· River to Fort \":orth. As a consequence, the starr of 
the Geolor.ical Survey's Rer,ional Office at nolla, ~o., was assigned the 
task of preparing the desired information~ A. E. i~isaenborn, acting Re­
r,ional Geolor:ist, called on lAjor !!. R. EorJ'!l&n, Di viii on Ene;ineer ·or the 
Corps of Engineers, U. s. Army, and discussed with him the :'ur?ose, sco~,e, 
and form of the pro!losed re:t:>ort. Following this discussion, Dr. John T. 
Lonsdale, Director of the Dureau of Economic Geolor,y of the University ,r 
!l'exn"', at rr. ~ieissel')born•s request, ae;reed thnt the Bureau of Economic 
Geoloe;y should participate in the preparation of the report. Mr. r:eisse&'l• 
born also called on Robert H. Dott, Director ot the Oklahoma State Geolo!­
ical Survey at l~orman, Oklahoma. The Oklahoma Geological S.urvey was unable 
to participate in writint the re~ort. but was very helpful in su~plyins 
published and unpublished or out-of-~rint information on the mineral re-
sources of Oklahoma. · 

Definition of Trinity River Tributary Area 

Traffic studies by the u. s. Engineers indicate that, if the 
Trir.ity River were navigable from its mouth to Fort \forth, appreciable 
eavinr,s in freight rates would accrue in an area far beyond the limite ot 
the Trinity Riwr draiuge basin. The araa in wt•i~h &ariJJt:• weould SAC...,. 
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tor the lhitBBDt ot a~, oomt1odit~, owr the ~ro,oled waterwa~'- hal beea · 
termed by the u. s. £ncineera, "the Trinity Rl.-r tributary area". The 
trlbutar.y areal yary tor different commoditie11 the ter.a "tributary area" 
a1 used in thia re~ort, comprises the tributary areal ot all oommoditiea 
oonaidered to be potential tonnare tor the ,ropoeed waterway, aooordi~ 
to the -atudies made b,y the U.s. Engineer•. ~1e Trinity Ri.er tributar.y 
area, which 11 shown on the accom,anyint map (Fig. 1), includes a total 
ot a~prozimately 184,000 aquare miles and coftrs all or parts ot 141 
counties in Tezaa and 68 in Oklahoma. For oonwnience, the Trinity Riwr 
tributaey area will be referred to aa the "Trinity tributal"3' area", or 
more 1ia,ly, ae "the tributar,r area". 

Pur~ose and Scope of the Report 

Pro~on~nts or the canalization ot the Trinity maintain that the 
Bdneral products or the tributary area would ~rovide a conaiderable part 
ot the traffic movinc over the proposed waterway. The~· further argue that 
the opening or the Trinity River to navigation would result in the develop­
ment or resources not now being uaed, or in inoreaaed output tram exiatiac 
nines and mineral-products processing plants, thus creating additioD&l 
tonnage tor the waterway. 

~e mineral resources tound in the Trinity River tributary area 
are many and varied. A great deal is known about the ruels, as woll as 
the non-me-:allie and m~tallic r:1iner.:- ls found in the area, and much hal 
been 'JUblif-i!uld 0 '1 the "ubjectJ but the in!'ormation if! scattered through a 
vast volume of technical literature. The information relative to the 
Trinity River tributn~' area can be obtained only through a laborious and 
time-conauming culling or a great deal or irrelevant material trom numerous 
publicat~ons, some or which are out of print and difficult to obtain. Th~ 
pur~ose or the present report is to summarize all available information in 
a factual·, concise account or the mineral resources of the Trinity River 
tributRry areaa ·thus presenting all the available, pertinent facts in co~ 
venient form, and osaistin~ the u. s. Engineers in a~praiaal of the tounage 
that mineral ~roducts would contribute to the proposed waterway. The report 
discusses each mineral commodity found in the area and gives a briot deacrip. 
tion or its usea in induatr!'• metlaoda or ex~loitation, economic factors in- . 
volved, occurrences in the Trinity River tributar,r are~, reserves, ,roduoi~ 
com,anies, Rnd wborc a.w.ilr.blo, · records of out;?ut. A bibliography liltin& 
tho significant references to tho tochnical literature is included with 
each co!ilmodi ty. 

At the suc~stion of tho u. s. En~ineers, the occurrences or the 
various Dineral COmDodities in the Trinity ni~r tributary .aroa havo been 
classified into throe groups which are: 

(1) . Those in the areas ·subjoct to peri~io flooding by the 
Trini~y River, tor uee ~n connection with econaaic studios or flood control 
projects. 

(2) Those in the remainder or tho Trinity River draina~ baain 
whore mineral COIIIIlOdities WO\ald be moat directly affectod by the Oan&lba­
tiOD or tho Trinity_Ri?er. 
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(3) Thoee in the Trinity River tributaey area, but outside ot 
the dr•iDat,o baain where mineral co~oditiea would bo teaa directlJ atteoted 
bf oanalilation of the TrinitJ, but whore appreciable aaviD&• ill tranaporta­
tion coata would atlll accruo. 

In deeoribin& the mineral reaources of the tr.ibutary area, all 
the mineral commoditioa that are known to occur in the area are ooneidered, 
Whether they are boing succesltully ox~loited at preaent, or DOt. Becauae 
a gi'ftn deposit 11 not now beint workod, doea not moan that it could not 
be profitably worked under chanted economic conditione, or evan UDder prea­
ont conditione. Likewiee, tho tact that the known depoaits of a ~iven 
commodity are of too low ·grade to be worked, does not preclude the possi­
bility that other, higher grade do~oaite might be foUDd. Tho inclusion 
of a ~iven col'!lllodity in tho list of mineral resources of the Trinity River 
tributary does not necoss~ily ~an, howover, that deposita ot theae mate­
rial• that cannot now be worked economically could bo profitably worked it 
tho Trinity woro canalized. The .general lowering of freight rates that is 
anticipated if the Trinity were opened to navigation would doubtleaa have 
a stimulating effect on the mineral industry in the Trinity River trib~ 
tary area, but many other factors besides transportation coats are involved. 
Bulky, low-priced, non-perishable commoditiea such as aand and gravel, 
~ruehed atone for riprap and other purposes, building atone, and s~lar 
materials are the products that would benefit most directly from river 
transportation, and an increase in the ~reduction of theae products in at 
least part of the Trinity River tributary area probably can be expected. 
Part of the crude oil and . other petroleum product• from the tributary area 
might move to markets thro~h a canali&ed Trinity, and over the inter-· 
coastal waterway. with considerable saving in transportation chargess 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 deposita of salt in tho area--enough to take care ot 
the require:nentl Of thiS Country for many years to COJI'l8••bUt Salt can be 
produced just as cheaply in a number of other localities, and the market 
for salt from tho Trinity tributary area, therefore, ia ltmited by the 
location of the other producing centers. Development of aame commoditiea 
may have been retarded by lack of trana'?ortation facilitioa, or by hi~ 
cost of transportation, but transportation, or the lack of it, haa had 
little influence on tho development of . other commoditieaJ for example, 
tho ~otash deposita of Texas, although large, are of too low ~rade to 
comp~te with higher grade deposita in }~ ~xico. Development of a potash 
industry in Toxaa dopeDda on the fiDding of higher grade deposita . than 
those already knOYm, and would be influenced to only a comparatively ali~ht 
degree by, lower tranaport~tion char~ea. An appraiaal of the effect of the 
proposed canalization of the Trinity River on the miDeral industry ~£ the 
tributary area would require thoroU«h atudy of the existing and estimated 
future freight rates, a~d woul~ involvo the consideration ot many tactora 
that are outside the field of the goolor,iat. The present report, 'there- ·· 
fore, attempts to describe adequately the actual and potential mineral 
resources of tho r~~ion, but dooa not attempt to forecaet in any detail 
~he economic effect of t~o ~roposed canaliaation of tb6 TPinity River 
on tho mineral induetry in the area. , . 
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Tbe Fedoral Geoloyical SurYOy waa tortueate in obtaiDimc the 
aaaiatuoe or th~ Bureau or Economic Geolocr or the Ulllnrai ty ot hal 
in !)repariJII tho report. Dr. II. B. Sten&el and Ur. B. c. PoUDtain ot 
thia Bureau wrote tho cba~tera on tho tollowiD~ roaouroea in Texaaa 
~~alta ooal, lignite and peat, buildiD« atonea celcat1tOJ burDin& claya, 
dolomite and magneaian ltmoatonea 11meatone, caliche, aDd ahell depoaitiJ 
and iron. f. : oh or the·ae ohn~tera hr.a been 1\J!I~ler.ented ~:· ci.e3ori,t1ona 
:'l:!"O~~.r~d ~- !"'.nmber:J or the United :Ita tee Geolocical Survey or correapoDdiiiC 
occurrences in the Oklahoma part or the area. The chapter• on oil and p.1 · 
in the entire Trinity River tributary area, and the deecript1ona or the 
occurrence• or asphalt and coal in OklahOI:Ia, were prepared by rr. T. A. 
rrendricka, o.nd ::r.- R. L. l~ller, or tho Fuela Section or the United Statea 
Geolosical Survey. The remainder or the report waa pre~red by I:r. A. L • 
• Tenlce, I·r. D. 1:. !:1nney, and lr. A. E. Ueiaaenborn ot the Rer;io~l 1tatt 
ot the Central Region, United States Geological Survey. 

Jenke, Ian..'l'ley, and 'Heieaenborn spent about two weeki in a reooD­
naiiasance or the Trinity River tributary area, in co~ with i!Jo •. J. L. 
Cotton, engipeor in char~e ot the Fort Worth office ot the u. S. ID&ineera, 
and. tr. Forrest Park, of the Trinity lmprovement A1aociation1 but aside 
from this, ver:· little field work was done specifically tor the report. 
nich or the report is baaed on infonnation contaiDid in the D\IDeroua publi·· 
cations or the Bureau or I:conomic Geology, the Oklaho• State Geological 
Surve~·. e.nd the United States Geological Survey, although -~ other publi• 
cations wer~ o.lao consulted. The report, h01rever, ia by no means baaed 
entirely on ~ublished informations the geologists or the Bureau or Economic 
Geolo~r are thoroughly fNnilier with the geology and mineral de':)oaita or 
the Texas ,art of the area, and l!r. Hendrioks baa done much field work in 
the Oklahoma part or the area over a period or many years. In addition, 
the individual sections of the report have been criticized ~ member• or 
the Geolo~ical Surve~· in l'Tnshington, who are familiar with the different 
commodities discussed. As a final check, the entire part ~rtaining to 
the resources ot the Texas part or the ~rea has been read b,y geolo&ists 
of the Bureau of Economic C~oloCY, and the part dealin~ with the re•ource1 
of the Oklahoma portion or the area ~/ ~eoloGists of the Oklahoma Sto.te 
Geolot:ical ~urve~r· It is believed. therefore, that the report r;ivea an 
accurate aur':l'31lry or the mineral resources of the Trinity River tributary 
area~ insofar aa they r.re knovm at the present time, e-m thnt the informa• 
tion can be used with tome confidence in ~kinG economic studies to o.1siet 
in determining whether the cnnnlization or the Trinity River ia justified. 

Trnna~ortation Facilitiel 

Adequate trana~ortation is essential' to the proper development · 
ot the minere.l resources or any region. The Trinity River tributnry area 
ia provided with excellent fncilities for tranaportetion, but·, o.a the 
present report is ~ supplement to a more compreheneive report b,y the U. s. 
Engineers, only o. brief resume is given here. 

The Trinity River tributary area ia traversed by eight majo~ 
railroad linea: the i:iesouri, Kansas, and Texas, the St. Louie aDd SAlt 
Francisco, the J.assouri PncificJ the Chicago, Burli~on, and Quin<ry& 
the Atchinson• Topeka, r.nd Sartta FeJ the t·exaa and New OrletlDI, the 1· 
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Chioaso, Rook leland and Pacifica ~d the St. Louis Southweatern. Theae 
linea, nDd branch linea rr~ them, to~ a network ~~t reaohel into al~oat 
..ery part ot the tributary area. 

Tho m~in north-south hi~JI in tho Trinity River tributary area 
are u. s. Righwaya 59, 69, 75, 77, 81, ~nd 07. Tho principal eaat-weat 
hir;l'nm~,s are u. s. I!irmmys 64, 66, 80, c.nd 90. In addition to the al»GVe, 
mamy other ~~roved Federal nDd ~t~te highways and a great number ot second­
ary roads reach into almost every part or tho tributa.ry areo.. ITo part or 
the area is very tar tram good railrOad or truck trnnaport~tion. In addi­
tion to the rnilroads c..nd higl'l1m~·a, numerous oil, gasolille, nDi nntural gaa 
pipelines serve the tribut:-.ry c.rea. These exceptionn~· numerous, and con­
vcnientl~·. locnted transp~rtation tncilitiea or the Trinity tributary t'.rea 
would permit the mineral products produced in the area to move cheaply aDd 
quickly to the ~reposed wnterwny. 

GeolOJ;!' of the Trinity River Tribut~.ry Area 
• 

Rocks rnnging in t'.{';e from -pre-Cnmbrian to Recent nrc found within 
the tribut~ry nren. Because of the size of tho area, tho diversity or the 
rocks that occur ~ithin it, nnd the complexities of the r.eologic structures, 
only n brief (l.nd superficial discussion of the ~eolor,~· ·can be included in 
this rc,.,ort. 

The geoloGic structures nnd the strntigra~hy are so diverse in 
different parts of th~ Trinity ~iver tributn~· ~rea thc..t it is convenient 
in this report to divide tho nroa into n number of smaller, more homogen­
eous divisions. Starting in tho northec.st corner of Oklahoma and workin~ 
southward, tho divisions chosen are: the Ozark dome: the Osa£o Plains, 
tho liichita, Arbuckle, and Ouc.chita t:ountain&J the lligh Plo.ins and the 
Permian Bnsin1 and the Gulf Coastal Plain. These will bo described in tho 
order ~iven. 

Tho Ozark Demo 

The southern half or I·issouri and part or northern Arknnsns ia 
goolocioally a atructurnl high known as the Ozark do~e or uplift. ·sand­
atones nnd ~olomites of Cnmbrinn or Ordovician age form the present sur­
face over much or the Oza.rk region and dip gently awo.y from the core or 
pre-Cambrian gr~.ni to which is exposed in the St. Frnncia l:ountaine in 
southeastern l:issouri. On tho southwest flank or tho dome t:ississippinn 
limestone nnd shale, which once covered most or tho Ozark nrea, but have 
boon lar~ely stripped a.way by erosion, atill ere ezposed in tho northwestern 
corner or the tributnry area in Bn~ Cherokee, and Soquoyah Countioa,Okla­
homn. About 550 feet of tassissippian rook is present, most at which ia 
limesto~ belo~~i~ to the Boone formation.. Isolated remnAnts ot a tor;aer 
covering or Pennsylvcnian rocks overlie tho Uiasisslppinn in a few places 
on the lower flanks or tho domo, r.nd Devonian, Silurian, ~ OrdoTlclan 
rocks, which underlie the ~saissippian, are exposed in the deeper atroam 

· valleys. To the west nnd south tho 1H.asiss1ppian diaappeara · UDder a cOYer 
or Ponnayl vanian rocks. 



e. 
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Oea&e Plaiu 

The Olase Plaina region ia here considered to be the larc• area 
exteDdill£ f'rCIIl the Llano uplitt in · Central Texas northward tbrouch Cklah~. 
In Tuaa it 1 iea between the Eich Plains on the west aDd the Oult Coaatal 

· Plain o'n the east, in Clclah~ it lies between the High Pl"iDI aDd the · 
OUachita J.!oUDtaina and Ozark dome. Aa here defined, it does not include 
the Arbuckle aDd Wiohi ta Uountaina in southern Clclah.-, which tor ooDYen­
ienoe are dia~uased UDder a separate heading. 

In the Oeage Plaina area the surface formations are almost en­
tirely of' Pennayln.nian and Perm.iu ar;e. Eltoept in the region borderi~J~: 
the liiohita, Arbuckle, and Ouachita rountaina, they are almost hori&o~ 
tally bedded, but have a gentle regional dip slilbtly west ot north o?er 
moat of' the area. The rer;ional dip ia disturbed tn places by f'lexurl!s 
over buried gran\te ridges. These major flexures, together with looal, 
minor flexures and the local thickening and thinning of' the beds, are 
struotures favorable for the accumulation of oil and gaa. 

The Pennsylvanian rocks vary considerably in different parts of' 
the area, but thro~hout the region consists essentially of' a thick aeries 
of' marine shales, sandstones, limestones, and some oon«lomeratea. Workable 
coal beds are f'o\md in both the Texas and Ol.dahoma parte of' the area. In 
central and northeastern Oklahoma red shales, snndstones, and oontlomerates 
are found near the to~ of' the I'enns~plvanian, and mark the f'irat stages of' 
the change from the marine deposita of the Pennsylvanian to the continental 
deposits of' the Permian. 

The Permian de?osits are radically different in their litholog~o 
character from the underlyin~ Pennsylvanian, but despite this the division 
between the two is transitional. Three distinct facies are recognized in 
the Permian deposits of the Osac,e Plains area. These are: (1) a marine 
facies composed of normal marine limestones, shales, am sandstoneSJ (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 typio~l of the marine ·facies predominate, 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, ola,.-, 
and sandstones with thick r~sum beds in the ur>p4fr part of the system. In 
northern Oklahoma interbedded marine limestones appear. but · the •r&d bed" 
facies is prevalent northward into Kansas and Nebraska where marine sedi­
ments again predominate. To the west the Permian disappears under Triassic 

~ rooks or under the Tertiary deposits of the High Plaine. 

In · the Oaa~e Plains area ma~ of the interatream divides are 
capped by beds ot sand and g~avel aa much as 50 teet thick. These deposita 
ar.e ~amewhat doubtfully regarded as ot early Pleistocene age. 

. Altho~~h Ciaiiaeippian ro~ke do not crop out in the Oeage Plaina 
area, they underlie the Pennsylvanian rocks throughout ' muoh of' the re~ion 
and· come to the aurtaoe in the Llano uplift, south of' the Trinity River 
tributary area. In Texaa the tlaa1aa1ppian is thin and ~y be missing ~ 
~oloclo higha, auoh aa the Bed Ri~r uplift. 

.· 
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Wichita, Arlnaeklc, and 0\echita l~oUDtaim 

The Arbuckle t:o\DltaiM in south-central Oklahoma consist or a 
oeDtral oore or pre-Cambrian sranite and r,ranite porphyry cut by numerous 
dikes, chiefly or diabase. A thick series or marine sod~DtAry rooka, 
m08tly limestoDes and shales which range in age from Cambrian to Pezmayl­
ftllian, was laid down over the eroded pre-Cambrian surface. Olri~ to sub­
sequent uplift and to toldins and faulting associated with the oroceny, tho 
boda dip steeply and in places are overturned. Pennsylvanian beds were 
involved in the folding, but the oroseny ha~ been ossontlally completed b,y 
Permian time, as the Permian beds that lap ~round the western tlaDk ot the 
Arbuoklcs are undisturbed. 

• In the Wichita Uountains in southwestern Oklahoma tho central 
mass or the mountains consists ot pre-Cambrian granite, rhyolite, cabbro, 
and anorthosite intruded into still older quartzite and sandstone. The 
granite masses have been cut by numerous dikes. The Paleozoic beda that 
were deposited over this oroded pre-Cambrian surface are similar to those 
in the Arbucklos and have been correlated with them, but the ~aaiaaippian 
sediments, which attain a thickness ot 1,500 teet in the u ···ucklea, are 
a·baeDt in the 'Tichitas, and some or the formations that crop out in the 
Arbuckles, thou~h ,robably also present in the Wichita area, are buried 
under yount;er rocks. Folding in the Wichita t!.ountaina was more gentle 
than in the Arbuckles and, except locally, dips do not exceed 25 de~reee. 
The VTichita l!ountaina are entirely surrounded and partly buried by undie­
turbed Permian beds, and no Penneylvanian rooks crop out in the area. 

South of the Arbuckle r:ountaina a section of tightly folded Penn­
sylvanian rocks, about 20,000 feet thick, is exposed in the Ardmore basin. 
These rocks, Tmich rest on the l~ssissip~ian Ca~ey shale, differ in lithol­
ogic chRrac.ter and nomenclature from the Pennsylvanian rocks of the Arbuckle 
I.:o.untains, but have been correlated with them by means of fossils. 

The Ouachita I:otmtains are in southeastern Oklahoma and 8outh­
western· Arkensas. They consist of n tiehtly folded and overthrust, excep­
tionally thick, series of marine strata which include formations of all 
ages from Cambrian to Pennsylvanian. Uo igneous rocks are known except 
for a few dikes that cut the Paleozoic rocks. The eeolor,ic structure ia 
similar to that in the Appalachian Countains and is believed ~ many ceolo­
~iata to be a continuation or the same belt of folding and overthruating. 
The main maaa of the Ouachita t.:ountaina is made up of a thick series of 
shales, sandstones, e.nd novaculite rane;ing . in age from Cambrian to Devonian. 
Overlying the Devonian are &orne l8,&o0 to 20,000 feet of Pennsylvanian 
shales and sandstones, which are distinct from rocks of the same age in 
the Arbuckle l!ountains, Rnd cannot be precisely correlated with them. North 
ant! west of the main maes of the Ouachita l~ountaina, and separated from it 
by overthrust faults of laree l?rO'!')ortiona, is a belt of Pennsylvanian lime· 
atones and shales 8,000 to 9,000 feet thick, resting on the tlssiasippian, 
or on the Devonian where the l!ississippian is absent. These rooks are 
ve~' a imilar to those of the Arbuckle : ·ountaina and have been correlated 
with them. 

To the south the Paleozoic strata of the Ouachita t~ountaina ar• 
covered by Cretaceous de?oaita of the Gulf Coastal Plain, but a belt ot 
similar ~ocka baa been traced in drill holes across Central Texaa, · 
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Tbe HiGh Pl&iDI aDd the Permian Bas in 

OcoupyiD« the part ot the Trinity nlwr tributary area west or 
the Oea~ Plaine, and separated trom this phy.ioeraphio province b7 an 
e&etward-tacinc escarpment known as the "break ot the plaine", is a flat, 
teaturelesst~~ termed the Hi~ Plaine which lies at an altit~e ot 
about 2,500~l"e~ In Texas aDd Dew !.Iexioo thie upland area i1 kDOWil also 
a1 the Llano Eat~cado. The upland awe• ita phenomenal flatnesa, which ia 
broken only b:\' the deep valle:' of the Canadian Ri wr, to a deep Mntle of 
Tertiary cravel and silt derived tram the erosion ot the nocky MQuntaine 
to the northwest. 

During much of the Paleo&oic era the re~ion or the present Gulf 
Coast was occupied by a landma1s known to geologists as Llanori&J durias 
Permian time thil landmass was bordered by a ahallow sea ·that cowred nat 
Texas and eastern New Joiexioo and extended tar to the DOrth. Sedi•nta 
derived from the Llanoria landmass and from uplands to the we~t were depos­
ited in the subsiding basin occupied by this 1ea and ~&dually tilled it. 
Since moat of the sediments so deposited are of Permian ate, the re1ion 
containing them 11 commonly known as the Permian basin. The first depo•­
its within the basin consisted of ~ al~ernating aeries of mariDe 11-­
atonea and shales. As the sea~ became shallCJWer, natural barriers were 
formed obstructing the conne~tion to the open sea. Continued evaporation 
in the partially confined basina or lagoons thus· formed resulted in the 
precipitation or bed~ or a~Jdrite,common salt, potash salta, and other 
evaporites interspaced with beds of clay. Overlying theae, no~marine 
"red beds" of continental origin were deposited. Durinr, the entire period 
deposition was very irregular and marine deposits fins-red out laterally 
into typical "red bed" deposita within short distances. The t.otal. ·<thick• 
ness or the Permian beds in the Permian basin approaches 14,000 feet. 
Drill holes near Ochoa in the center or the basin have penetrated 4,000 
feet of "red beds 11

, salt, and anhydrite before reaching the underlying 
marine beds •• 

Triassic deposits crop out along the eastern ed~e of the Uigh 
Plains south of the Panhandle and are known to underlie the Rich Plains 
at least as far north as the valley of. the Canadian River. They are en­
tirely of non-marine origin and ra~e in thickness from a few hundred feet 
along the eastern edf!e of the nigh Plains to more than 1,200 feet near the 
center of the Llano Estacado. 

In De.llam County, Texas, in the extreme northwest corner of the 
Trinity River tributary area there are a few scattered outcrops of rockl 
that are believed to be of Juraaaic ace and which are correllted with the 
more extensive Jurassic rocka of Colorado and New Mexico. 

Cretaceous beds once covered moat of Texas but in the Bi~h 
P1aina area they h&v~ be~n mostly stripped ... y by eroaion. The Cret a• 
ceoua cover still remains in parts of Uidltad, Glaaaoock, Sterlin~, Toa 
Green, am adjacent countiea in the southwestern part rl the Trinity 
tributary area, aDd isolated patches of cretaoeou .MiJiellt.a ooour in thr 
Ui~ Plains area. 
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The Gulf Coaetal Plain di~ieion of the Trinity Ri~r tributar,y 
area '1e a ~ore or leee gently UDdulatins ~lain borderins the Gult o~ U8x1COJ 
it lie• aouth t?f the Arbuckle and Ouachita !f.ountaine aDd eaet of the Otace 
Plaine. It 11 o~oaed of strata that dip at a eli&}ltly steeper a»sle the 
the preeent land eurface. and ita eentle eeeward elope ie, therefore, inter­
rupted b)r low, liU'ldwarcl-facinc eaca.,..nte which •rk the outcrope of the 
more reeietant becle. 

The formations expoeed in the Gulf Coaetal Plain are entirely ot 
Cretaceo\11, Terti&rJ, and Quaternaey agee. During early .yretaceo\11 time 
the Llanoria landmaes tank below aea leYel an4 Cretaoeoue eeae, whioh ex~ 
tended far to the north, oo~red al~•t all of Texae and part o~ Oklahaaa. 
The Cretaceoue strata of the Gult Coaet were de~eited in these eeas and 
probably oDOe were contin'IIOUI with the Cretaceoue deposita of the Rook)· 
tountain area. Cretaceous rooks of the Gulf Coaetal Plain rest uncollto~­
abl~r on the older rooks and dip UDder Tertiary strata. They extend down 
.clip for an UDknown distance under the yaUD£er beets, and oo• to the surface 
in maD¥ of the ealt domes which are prominent r.eolor.io feature• of the Gulf 
Coastal Plain. 

In the Trinity River tributary area the Lower Cretaceous aeries · 
is cam~osed of calcareous shales, sandstones, thin-bedded limestones, with 
a bed of anhydrite near ita base. The Upper Cretaceous oorwiats mainly ot 
shelea, sandstones, chalk, and marla. In northeast Texas some volcanic 
aah ia interbedded with the shales and marla. 

One of the most complete s~ctions of Tertiary sedimentary root. 
fcund a~ere in the world is exposed alonr, the Texas Gulf Coast. In the 
Trinity Riyer tributary area these Tertiary rocka occupy a belt from 140 
to 225 miles wide. l~rine, shallow water, deltaic, and continental deposit• 
are all present and there is mucb iDterfingcri~ and intergradin« betwe~n 
the eeveral facies. Beds of volcanic ash, now largely altered to fuller•• 
earth and bentonitic clay, are found at seyeral· places in the section, par­
ticularly in the Eocene aDd ~iocene deposits. The Eooe~e deposita cont~in 
beds of li~nite alao. 

Overl~inr, the Tertiary beds and bordering the Gulf Coast is a 
narrow belt of sands and c~aya of Quaternary age which, except tor the 
atream ~ravels, are the yo~est de~oaits of the Coastal Plain. 

Quaternar;r Gravell 

Quaternary stream and terrace gravels are found along moat of the 
major rivera in both the Texas and Oklahoma parte of the Trinity River trib­
utary area. The gravels that cap the interetream divide in the Olase Plaine 
area have already been described. 
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· 1b1• report is baaed larselT on information~ubliibod bf 
the · Bureau of EcoDOJid.o Geolottr, UlliYcraitr of Texas, the Oklahoma 
State GeolQBloal SurYer and the United States Geological SUrYeT, 
but ·~ other technical publication. were also consulted. the 
,arioua publications consulted will be toUD4 ia the bibliosrap~ 
tollowiq ea~h chapter. 

In the preparation of this report tbe information was drawn 
fi'OIIl eo llllQ' sources thrat it is ditticult to aclmowledle them all. 
Dr. John T. Loudale, Director, of the Bureau ot l.ccnolld.c Gcolog, 
UniYersitT of Texcs, arrauged. tor the collaboration of tho Bure.U in 
writiQB the report, supplied unpublished info~tion on the mineral 
resources ot 'hzu, and ftlrnlahed a proof OOPJ ot a map ot the 
mineral resources ot that State in advance ot publication. Dr. 

· H. B. Stenzel ud Mr. H. c. Fountain ot tho sliDe bUreau, not oDlJ 
prepared l'.l anT "t the chapters on the mineral resources ot tho 
Texas part ot the area but Dr. Stenzel also cri ticallJ reviewed all 
parts- ot ·the manuscrint dealiq .wi th the gcolo@J' and resources ot 
Texas. Mr. Robert H. Dott, Director ot the OklahCBa State Geolotical 
Suner, ""pplled a number or out-ot-~int publications ot tho Oklahoma 
State Geological Surver and road the parts or the manuscript dealing 
with, the mineral resources and fcolog ot Oklahou. Mr. John R. J'outa, 
Malla@er ot the Trinity Imporvement Association and Yr. Forrest L. Park, 
Engineer tor the same organization, proYidad tactual Material and 
out-of-print literature on the area. Mr. Park also accompanied 
mambers or the United Stat~s Geolo~ical Survey on a tour or the 
southern part of the Trinity PiYor tributary area and his intimate 
knowle~e or tho area was Ycry vall! able. 

Y.ost or the ?reduction statistics tave been obtained trom 
the Minerals Yearbotks published by the Bureau ot Mlnes, United 
States Du?artment or the Interior. P~blished i~or.mation by tho 
Bureau ot Minos is not broken down into smaller units than states. 
For those minerals in part tram the Trinity tributary area and ia 
part trom outside the area, the Bureau . ot Mines has furnished 'f'ro­
duction statistics tor the tributary area. 

The assistance ot Messrs. R. A. Catte~ H. P. ~eeler 
and H. s. Konncdy ot the Bureau or Mines in prcs>ari~ the chapter 
in Helium, i s gratefully acknowle4ged • 

, . . 
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stJMMARY OJ' • :INIRAt RESOtllCIS OJ' 
'1BE 'JRD.TI'f R~ 'miB'J'l'ARY AREA 

A. 1. Weissenborn, United States Coolocleal SurYeJ 

11. 

The tollowl:ag 1s a ·~ ot the mlneral resources which are 
found in the three area diYiaiona into which the Trini~J trlbuta17 ana 
has been d1 Yidet in this report. \'llere oDe or more ot the tbree 41Y1a1ou 
is 0111ttecl ter IIQ' COIIIIlOditJ·, it is ir.tpllecS that the ooamdltJ ia DOt tanl1 
in the cJi · lsi on omitted. A detailea description ot the Yai'ious mS:neral 
occurrences will be tound in the msin body ot the report. 

Fuels and Other S,drooarbone 

Asphalt and related bitumens 

Trinity RiYer drainage basin -
Found in asphaltic sand stratum or Trinity age (Lower Cretaceous). 
1n Qooke and Montque Counties. Reported trom oil seep in 
Tarrant Clunty. No pres~nt production. · 

Tributary area outside ot Trinity drainase baeln -
In Texas from. oil seeps and i!llprognated sands in i'erm1an roots 
in Coke Co'.JJlty; from PennSJlYanian rocks in Stc.Ycna County; 
trom oil se~ps aad 1~prcgnated Eoe~nc etrata in Anderson aD4 
Nacasdochcs Counties. In OklahCIDil from Permian beds cast ot 
the ~'/ichi ta Mountain& in ComanchG County; in strata r&D8iDI 

~ 1't"om Ordovician to Cretaceous on north, west, and aouth tl.aDks 
ot' the Arbuckle llountains; trom tar sands ot Cretaceous ~~Be in 
Love, Marshal, Johnston, aad McCurtain Counties. Also as 
vein-like depo~its ot grahamite and impsonite in the Ouachita 
Mountain area, in Stephens County and in a tew other places 1n 
the state. Product! on trom Murray County, Oklahoma (Arbuckle 
Mountain area). 

Coal, l1gni te, ·&nd peat 

Area subject to periodic flood -
Lignite - Li81lite in Yegua formati on (Eocene} crops out aloug 
Trinity River in Fouston and Madi:son Counties. Lignite;; btlt in 
Wilcox group (Eocene) crosses river in Henderson, Anderson, 
Navarro, and Freestone Counties. 

• I 

Trinit7 River drainage basin -
Coal - Bl tum1no\1s coal ot Pennsylvanian a&e toun4 in Areher, 
J'ack, Montague, W1ae, and Young Counties. 

Lip1 to - Found in Anderson, Freestone:, Henderson, Houston, Leoa, 
Limc.stono, Neyarro, and Van Zandt Counties in Eocene svata • 

1!.:1 - Enenai ve undevel.opo4 peat bogs in Houftoll ~ al\jfMtct:a* 
Ooun~1ea. 
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Coal, ll@Jllte, and 1)eat (continued) 

'friltutary area ou·i side ot Trinity draintlf<· ~ baaln - · 
Coal - In Teus bl t\mainous eoal is touad in Arcbe~, Broa, 
COi'CIDII!l, iutlu4, Erath, .rack*, Mont~~·. Palo Pinto, Parker, 
Stephena, and YOUDg* Oountiea. AbUDdDt ln PeDniJl•anian 
strata in eaat-central and northeastern Uklahoma where 1 t hu 
-oca miaed trom ten ditfcrent beds. SOlie ot tho beds are ot 
Dd~able thiekncss bene•~ huadreds ot square milea. 

Liei te - !ram l!'.oc()ne strata in Bowie, Camp, Cass, Cherokee, 
PraDklin, fre()stoac*, Gregg, Harrison, Henderson*, Hopkins, 
Houston•, Loon• • Llmeatono*, Merion, Murris, Nacosdochea, 
Panola, Rains, Robertson, Rusk, Sm1 th, T1 tus, Van Zandt*, rm4 
WOods Counties, Texas. 

Peat - Peat bogs occur in Houston• County and in a number ot 
~ localities in the Texas part of th~ tributary area, but 
there is no commercial production from ~d thin the area. 

Natural Gas 

Area subj~ct to periodic flood -
Some natural gas fields are found in the flood plains or the 
lower part of the Trinity River. 

Trinity River drain~e basin-
A number of natural t.as fields arc found withiB the Trinity 
drainage basin, particularly in the lower part. 

~ibutary area outside of Trinity drainage basin-

Petroleum 

Nat•lral gas fields arc found in almost all parts of tributary 
area but arc most abundant in central Oklahana and north-eentral 
and central Texas. Amarillo field is the largest discovered to 
date. 

Area subject to pcriodie flood -
A number of fields in tho lower part ot the ~init7 dratnace 
basin arc in the area subject to periodic flood. 

Trinity Riv~r drainage basia -
Comparatively few in the uppor part or the basin; coasiderablc 
number in tho lower part. 

Tributary area outside or the 'b-ini ty drain88e basin -
From almo3t all parts ot the tr1 b.ut :ry area except extreme 

- eastern Oklahoma. 'tributary area is one ot tho richest petrol-• 
leu. re~ions ot the werld. 

• Also occurs in the same OCAUitJ· in the Trinity drain~o baa1n 
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NOa~tallitcrous deposits 

eraaives 

Area subject to ~criodic tlc(d -
Material suitable tor ,rinding pebbles and sand suitable tor 
abrasiTe usc are tound in sand and ~BTel dcposi ts aloBg tho 
Trinity I<iver. Volcanic ash is '!'ound in tho bolt ot 1ackson 
and Catah0ula strata ot Tertiary ago which crosses tho rt•er in 
Polk, Trinity and Walker Cot~ntics. 'lhe Cataboula also contains 
deposits ot rice sand some ot which may be in the area subject 
to periodic tlood. 

Trinity River drainage basin -
4Ul tho abrasives listed above ar~ tound in thv 'l'rini ty basin 
outside the area subject to tlood. Ia addition, deposits ot 
chalk are round in Up1er Cretaceous rocks in the northern part 
ot the basin, but tho deposits havL not boon developed. 

Tributary area outside of the Trinity lrainago basin -

Barite 

Grindin~ pebbles have not been produced co~reiallJ in the 
tributary area although suitable natorial proba~y occurs •lons 
many or the major streams in the aroa. A small production ot 
abras1Te sand has been recorded trom tho Texas part ot tho area; 
there is no record ot it having b~en produeed in Oklahoma 
al thot,_gh sui tablo material -orobably could bo obtained trca a 
number ot sand deposits in the state. Volcanic ash is tound in 
the Jackson and Catahoula strata in the tribut&r, area east ~ 
tho 'l'rini ty drainage basin. Depo'si ts ot volcanic ash arc 
extensive in Oklahoma, the larger deplsits beiDg concentrated 
in the northwest, north-central ~nd ~ast-central parts or the 
state. Similar deposits ar6 tound in several localities in . 
western Texas. There arc s~veral ~oducers in Oklahoma, and a 
small production has rec.QF.~~Y been recorded tram ~he Texas part 
ot the area. Althoush thore has been no production, deposits 
ot diatomite arc known in several widely scattered looalities 
in the HlP.h Plains area ot Texas, Material suitable tor ~he 
manufacture ot millstones 1 \~l)etstoncs and oilstones is reported 
in Oklahoma but has not been utilized tor this purpose to &DJ 
considerable extent. · 

!ributary area outside ot the Trinity drainage basin -
Occurs in many placos in Permian rocks and western Tex• and 
wostern Oklaaoma but has not been produced cammorioally 1n tho 
tributary area. 

Buildins stone 

'b-ini tr Ri vor drain&@e basin -
L1~stcnos aro abundaat in the Cretaceous dcposi ts in tho uppel' 
part ot the basin, but sonorallJ are scarce er ot poor quali'J 
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BuildtDI stone (continued) 

111 the Tortiary reeks ill the .southern part ot the baaln. 
Sandstones arc abundant in tho . Tertiary rocks ot the basin but 
arc not everywhere sutticiently cobaolidated to bo used tor 
buildiDS stone. '&rt1ary rocks ill the basin also contain bods 
ot slauconit~c rock and s111eit1od wood which have bcon ueod to 
some cx~ent as building stone. 

Tributary area outside ot tho Trinity drainace basin -

Celestite 

Limestones are abundant in the Pennsylvanian, Porm1an1 at 
Cretaceous strata in Oklahnma. Sandstonos are ~)resent in the 
tributary area in beds ranging in age trom Cambrian to Quater­
nary. Granite is quarried in the \;lchi ta and Arbuckle MoUDtalns 
area in Okl8hor.ta. Marble has bcCln quarried in Scquoyah Count7 1 

Oklahoma and silicitied wood in Erath County, Texas. ·BuildiDS 
stcne ot one sort or another can b~ obtained in most parts ot 
the tributary area except the lower ~art ot the Trinity basin 
and in some of tho counties in thG Hi~h ~lains area. 

Tr1 butary area outside or the Tr1n1 tJ drain~o basin -

Clays 

Production centered in Nblan and Brown Cnunties, Texas. 
Reported also from Oklahoma but deposits havo not been devol• 
oped. 

Area subject· to pcr5odic flood -
BleachiDf clava - Belts ot sedimentary rocks cont ainias bon­
toni\C and Iullcrs earth c:oss Trinity Rivor in Houston, Lcon 1 
14adison 1 Polk. San Jacinto, and Walker C~nties. 

Burnine. cla,ys - Found in various places in the 'l'rini ty basin 
and some ot these deposits may extend into the area subject 
to flood. 

Drilli!JI clgs - Some ot benton! tic clays listed under bloaohim& 
Ol&JS probably cruld be used tor drilling clays. 

Trinity River drainage basin -
Bleachigs Cl!f~- Bentonite ~~d fUllers earth tound in Cook 
Mountain, Jackson a Catahoula toimattOils 111 HDuton 1 Looa, 
Madison, Polk, "Ban Jacir.to1 Tr1 n1 t7, &d l'lalker Counties. 

Burni!f clays - AbULdant in Cr~taceous and Eoeene formations in 
the basin. 

R£1tlit'\!P - Most or' proc!uatlon ie trcm outside baain lM1t 
tar o - onlte 0\lt'Put is use4 tor dr1lli~ clay • 
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Cl-r• (oonti~ued) 

~ibUt81'7 area outside of Trin1 ty drainage basin 
Blgachiy clays - Producecl trcm Angelina, Scurr~ and Brlscoe 
Counties, Texas. Fomcrl7 produced in Woodward Count7, 
Oklahoma. 

BurniQS C~!fS - Cl8JS suitable at least tor tho manufacture ot 
common brick and· tile are ~unci in almost ·every part ot the 
tributary aroa. 

Drill1!!1 clgs - Produced in ADgolina, Howard, aDd Torry 
Counties, Texas. Sui table matc.:rial is found also at a number of 
other pl aces in tribut81"J area, chiefly in northwestern Texas 
and western Oklahoma. 

Tributary area outside ot Trinity drainage 'basin-
Best deposits .are found in JC-buckle and Jichita Nountaiu in 
Oklahana, but have not been ut1lizo4 to any sreat extent. 
Elsewhere beds are thin and have bcca•cd only locally es · 
building stone and tor crushed rock. 

Gypsum and anhydrite 

Trinity River drain~e basin -
Report~d in drill holes in Cretaceous beets 1n Freestone, Hill, 
and Parker Counties, but there has been no production traa this 
source. 

Tributary area cutside of Trinity drainage basin -

Helium 

Large reserves in Pemian strata in both Texas ancl Oklahoma 
parts ot area. Operati~ companies in Blaine County, Oklahoma, 
and Fisher, Hare.& and Nolan Counties, Texas. 

1r1nit7 River drainage basin -
Some natural gas fields in extreme upper part of basin contain 
a l!lllall proportion ot helium b·lt there has been 110 produot1on 
tro.m within tho basin. 

Tributary area outside or Trinity drainage basin -
Most· ot world production is o~ained trCIIl HartloJ, Moore, 
Fbtter, and Oldham Co~mties, Texas. Other gas tlelds in 
tributary area which contain a?,reciablo quantities at helium 
arc in central Texas and north-central Oklaboma • 

~mostone, caliche and shell deposits 

Trinit7 River drain&~~ basin -
Limestone - Abundant in Cretaceous ro~ks in up'>er part or ba.atn. 
Gencrall7 s~arce 1n lower part or basin. 
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LS.mostone, caliche ad shell de?()slts (conti:t'led) 

Shell deposits- lrom Galveston bay near mouth ot .Trinit, Rive~. 

Tributary area outside of Trinity drainage basin -
Limestone - Abundant in eastern Oklahoma and ln Texas cast of 
tl'a High -Plains 8D4 west of .the Coastal ?lain. Generall7 scarce. 
em the Coast~ Plain, al.thoqgb some of the older Tel"tiary form­
ations contain limestone beds. Generally scarce in western 
Oklahoma and in the High Plains area of Taxas. , 
Caliche - Fo\md as surficial deposits i~ the Hlp Plaina •. 

Phosphate Rock 

Area subject to periodic flood - . 
P.bosphato•bearing beds in Cretaceous wDd Eocene rocks cross the 
Trinity River ~t several places but phosphate doposits are DOt. 
commercially important. 

Trinity River drainage basin -
In Eocene and Cretaeeous rocks at maDJ places in tho basin, but 
tbe deposits are of no pr~sent commercial ~portaace. 

· ~ibutary area outside or Trinity drainage basin - · 
In Cretaceous and Eooene rocks both within and without basin. 
Also in Pennsylvanian and Permian strata at various places in 
Oklahoma and in Permian rocks in Texas. Depoai ts are of no 
present commercial importance. 

Portland cement materials. 

Trinity River drainage basin -
~w mate:rials for manufacture or Portla1~d cement abundant in 
Trinity Rivet basin. TWo cement plants are at Dallas; a third 
at Fort Worth. A cEDent plant at Houston (outside tributary 
area) uses kaolinitic clay tram Freestone County and oyster 
shells tram Galveston bay. 

Tributary area outside of Trinity drainage basin -
Raw materials for !"lanufacture of Portland c cmont abundant in. 
both Texas and Oklahoma parts ot tributary area. ln addition 
to those mentionqd above, CeMent plants are at Waco, Texas, 
and .1\da, Oklahoma. 

Sand and gravel 

Area subject to periodic flood - . 
Abundant in flood plain of Trinity River. Principal production 
is in Fort Vlo~th - Dallas aro.fh Proportion of sand to grave~ 
is ht8h below Dallas but sand and aravol ia produced frma floo4 
plain noar Romayor in Liberty County. 

'&1z.1 ty R1 ver drainE~Sc basin -
stream and r1 VQr terrace sand and gravel depoai ts arc abundant 
in ~ini t7 basj.n. O~ef prOduction is ftom 'l'arran~, Dell••• 

' I 
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Saad and €ravel (continued) 

Kaufman, Ellis, Henderson, and Liberty Counties. Deposita 
suitable tor producing concrete asgregate are scarce below 
Dallas • 

Tributary aroa outside ot Trinity drainage basin -
Occurs as stream and terraoc gravels alOD8 major r1 vers. Sad 
and gravel deposits cap many ot the 1nterstream divides in 
western Texas and western Oklahoma. 

lass sand and other specialized sands 

Trinity River drainage basin -
From sands in the ~cene Claiborne @rOUP in lower part ot the 
basin anrl from Cretaceous Trinity sand in the u~pcr ~art. Tbese 
formations cross the Trinity River and in .places may crop out 
in thL area subject to periodic flood. 

Tributary area outside of Trinity drainage. area ~ 
Eoc~ne and Cretaceous sands rnen\ioned above occur also outside 
ot the drainage basin. Best glass sands in tributary area, 
h~wevor, ere round in the si~son to~ation and the Arbuckle 
Mountain area and in the Burg0n sand ne P.r Tahlequah. Beth these f • 
formations are of Ordovicien age. · 

Soluble salts 

Trinity River draina@e basin -
Common salt - Found in salt doDlE:s in .rindE:rson, Frecston~, Lc:on, 
Liberty and Chambers Counties. No present pt-oduction trom 
within the Trinity basin. 

Calcium chloride - Probably prosont in oil field brines ~ tbc 
Trinity basin, but no production has be~n recorded. 

Tributary area outside of the Trinity drainage basin -
Potash - Large rcsorvos i_n the Permian basin in west Texas but 
the known do~osi ts arc too low grade to oc:apoto with the 
New kexico deposits. 

Common salt - Abundant in salt domes on tho Coastol Plain, in 
bedded deposits in Po~ian strata in west Texas and Oklahoma, 
and in saline lakes in western Texas and western Oklahoma. 
Principal ~oduct1on is t:rom Van Za.nc!t County, Texas, and trom 
7/oods, Hamon and Bcekhs Counties, Oklahoma. 

Calcium chloride - Some calcium chloride was nroduced noar 
TUlsa, Oklahoma, trom oil t.leld br1nos, but nb production has 
been reported since 1936. Permian salt beds in western Texas 
and Oklahoma also contain calcium chloride but none has been 
protuced ~Dill this source. 
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Soluble salts (co~tinued) 

SUlfur 

Magpesium chloride - Associated with common salt in Permian 
stre.ta in ,.westurn Texas and western Oklohome. Reported in 
brinco in Permian strata in Borden County, Texas. No present 
production. 

Bromine ·· ~zcurs in alkaline lakes in Hi!h Plains area, probably 
as magnesium bromide. ..U so in veri .:>us oi 1 field brines. Snell 
production reported from plant at ·vast Tulsa., Oklahoma, .prior to 
1936. 

Magnesium SUtfnte - Recovered trom shallow well brino in an 
alkaline lake bc.d near 0 'Donnel, Lynn Count7 • Texas. 

Sodium sulfutc - Produced tram alkaline lakes brines in LJtm, 
·: and Terry Counties, Texas, and has been rcpor~ea in 
alkaline lake brines in sevaral other counties ln 1he Hlgb Plai~ 
orca of Toxas. 

1rinity Rive~ drainage basin 
Development of a sulfur deposit in the Moaa Blurt salt dame in 
Liberty encJ Cham,~era CounU.EIIis reported boinr couiderod by a 
nationally·known sultur producer. 

~ibutary area outside of the Trinity drainage bc.sin -

Copper 

Although there oro a number of salt domos in tho tr1 b.l tary eros, 
only the :tlioss Bluff dome is known to contain commercial quanti tioa 
ot sulfur. 

Metalliferous Deposits 

Tributary arcs outside the Trinity arainage basin -

Iron Ore 

FoUnd mostly in Permian "red bods" in western Texas and 
Oklahoma. Several att-ts hevo be-. n medo to mine the 
deposits but all to date havo bo~n unsuecesstul. 

Trinity River drainage besin -
Th~ cast Texas iron ores arc dori vt.d frC>m the weethering of ~~eohos 
strata ot Eocene age. The iron or~ bolt crosses tho Trinity 
basin in Robortson, Leon, Houston, and Anderson Counties; but tho 
prineipal deposits aro east of the drainage basin. 
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Iron Ore J.oonttriued) 

Tl'1wfti7 crea outside ot tho T.ri ni tr draina«e baa a· -

~~m~&aneae 

'ftae principal depoa1 ts ot iron ore8 are in the belt ot Weohee 
strata east' ot the T.rill1 tJ drainase basin. In 19M there were 
three prqduc1111 mines in thE! east Tezaa area. There are iron 
Ol"C deposita in the Wichita and Arblckle Noun~iu areas in 
Oklahoma, but the 4epoai ta aro eit._er too SIDQll ar too low gracle' 
too be an importa:1t source ot trOll ore. 

Tributary area outside ot the T.rinitJ drainage basin -
Found in the .Arbuckle and Ollachi to IIDuntains in <lclahcaa. 'l'horo 
~as been a small production tram tho OUachita area but the 
deposits arc small and aro ot mnrginal grade. 

Zinc and lead 

'&1 butary area outside ot the '&ini ty drainage basin -
Sane zinc Fllld load deposits arc known in 1he W1ch1 ta, ArbUckle 
and ouaeh1 tn Mountains in Oklahana and several atteapts hue 
boc.n made to mine thc:m but to date all have beon unsucceut'Ul. 
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E • n. ltenzel r.nd I:. c. Founte.in, ::Jure~.u of tconoLrl.C OooloiJ , 
~verait~ of Te~aa and T. A. ~eDdrickl, U~ited ~tatea C1olo~ioRl 
Suncy • 

Ditumeu ~ . re sen6rall:' tuai ble aubsta,ncea or variable color, 
bt.rdneiS, and volatilit~, o~oaod }rinci~lly or complex orcr.nic oaa.­
pounda. they ~re naturally-occurri~ saturated h~~rooerbona aubatan­
tially froe of oxyceuated bodiea and include all ~otroleuma, aatural 
~~~hftlts, nrxurnl w~xos, aDd na~baltitoa. Pttroloua 11 diaouaaod in a 
aepnrate chapter. 

~~~halt is a snecies of bitumen or dark color nnd ~riable 
hardness, th;t is com!?f\.rntivoly noD-voletile. It is 001r.!>Osed principally 
or bydrocerbons, is essentially free of ox~genated bodies and oryatalliz­
nblo ~erartins, is fusible, ruBd is l~rgely soluble in carbon disulfide, 
3rieldi.nr, wnter-i.nsoluble sulfurt'.tion ..,roducts. Aaphnl t rMY occur in 
n.nturo in C'. relt-. ti vely ;ure state or mFI!' bo casocintod 'ith miDCral 
mnttcr. lhen tho content or minornl matter is ~oat or the amount ot 
&l?hnlt in a rock mntrix so smnll th~t so~rntion or the asphalt ia 
impracticable the rnntorial is cal kl d rock asphalt .or bi tuminoua rock. l ... 
common type or bituminous rock is tho bituminous snnda or tnr aanda, 
r.hlch r.re sands impre.r.nntcd with bi t\llllOn or tnr. 

Sevor~l relnted substnncoa auch ~• grahnrdto, cl~nco pitch, nnd 
~ilsonite are croupc<l together t.s as?ho.l tlto, whi eh d itters troin aspbc.lt 
in t1aat it b c. ho.rd non-vol:.tile· ooal-like solid, static c.t ordinary 
tom,crnturos and fusible l"rith difficulty. Tho O.l!'ho.ltic pyrobit\D'Dena 
differ from c.s~h~ltito in th~t thoy ~r~ infusible ~~ o.ro lnr~oly insol-· 
ublo in c~rbon disulfide. This r.roup of ~to~iala includes elo.torite, 
wurdlite, ~lbortito, t.Bi i~sonitc. 

!.aphalt, D.l!)haltite, a aphnltic p~obitUII\ODB, and bituminous 
rock occur in n~turnl do~osita • . Thoy ~ro believed to be tho product 
ot met~rphiam ot nsphaltic ?Ctroloum. Cammon aspbo.lt, such c.a that 
conatitutinr; thll or~a.nic !'Ortion or t'-'.r ar.nda, ho.a undergone little 
chnngo from tho orir.innl ~troloum othor th~n the loss or volntilo tro.o-
tioDa. However, pamito, glt>.nco !'itch, r.nd rileonito o.p"lo~r to be . 
products of !'Olymeriz~tion in which simple mol~oulea of t orir,i~l 
p~troloUM havo become reo.rrnnr.od into moro complex moleculoa of higber 
moleculnr weitht, UDder tho intluonco of time, he~t, pressure, r.nd cnt­
o.lytic nr.enta. Thoao ~rocoaaea are believed to havo protrosaod turther 
to form the ~apho.ltic pyrobitumona. 

Lapha.l t is also JMDutr.etured from ros.idual tro.oti ou eDd. clia­
tillntea in the rt:n.nin~ ot' ~troloum. Suohoa!lhalt is odl:ed JIIIUlutact­
ured or 1?<3troleum t'.e~hnlt, About 88 '!")f)roent or tho tottll annual produc­
tion et nanhalt o.Dd elntod bitumens in tho United Sto.tea ia troa 
petroleum rotinoriea. About 2/[) ot one -,e rcont of tho total domestic 

. production 1e of &illonito from Utah, end tho romninin& production 11 
at.on CDti rely ot bi t'UIIlinoua rock, moro thM 2/3 of wt · ch COIIDI troll 
Toxaa ~Dd Oklahoma. 
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The pr1Doip~l uac of ns:halt is in panni, \'Jbich conawnea be- · 
. tweeD 55 r.JI! 75 tJGrcent ot nll as:'halt !'roch.,cd !'.1 well na virtually all 
bituminous rock' ~rOc:luced. ~roea 16 ~:~.!11 30 ~·rceat of tho productioB ot 
aa~h~lt is used for rootin~. Other ueea, in the ~~?roximate. order ot 
their importance, nre tor waterp~ccti~J emulsified asphalt• aDd tluxea, 
moldin~ compoUDdaJ painta, o~~emda, jap:uw c.Jid lnoquorsa uatio r.Bd "! 

~•tic oakOJ' ~ipe oo~tin~IJ ~nd blending with rubber. In additiOD there 
are vory ~ny minor usee which to~ethcr re~resont n ei~itioaat eo~ 
aumption. 

The ~hysical ohnracteristica thnt deter.miDO the suitability ot 
natthalt for moat uses nre relnted to ita combined function na n binder 
nDd na n ~ter· P.nd wonthor-proofing m~tor1Rl. Principal tactora aro1 
uniforJ!lit~'J viecoaity ~nd eottoning or tua.i~ :t?Ointa aol1difying !'OiBt 
and hnrdDDIS or ~lnaticitya ndhcsivonetBJ nnd reaiatanco to mo1$turo ~Dd 
weathering. Purity is tmportant for moat uao1 excc~t pnvinr,, a~ ~Df 
ohnracteristioa nro or ~1~.ry im~ortnncc to one or ~oro or tho n~ 
orous a~ocial uses. ~londine to ~roduco n ~~tcri~l to moot spocifica•~ 
tiona 1a coDnon practice. Tho hir;h fusinr; point r-.nd lorr pla.cticity ot 
grohamito restrict its suitability for mnny purposes. It is uaod 
princi?nlly in combin~tionwith nsphr.lt nDd other mnt9rinls tn special 
Prod\10 .. ~ · such ns bituminous rubber substitutE:IJ tm=-.11 molded artioloa 
such na !'Ush-buttons, olootricnl fittingJ, hnndlos, otc.a ~utomobilo 
bc.t~cer~· ca.aos, etc. 

l:ost bitwninoua rock is mined · in open cuts by ble-.ating, nDd 
then loading with stenm shovel, drn~-linc. or other mcohrnioal oquip. 
mcnt. Tho ~s~hnltitos nro r,onerr.lly minad in shnfts or tunnels by 
normal stopinr,, room nnd pillcr, or lonr,wnll mining methods doponding 
on tho locnl conditions or occurrence of th£ m~torinle 

Tho discussion of methods of ~roeossing nsph~l~a nnd related 
bitumens will be confined to bituminous rock ~nd grnhnmite, which nrc tho 
onl~r two materiels of sir,nificl"'.nt commercinl possibility in tho Trinity 
River tributary nron. Rock as~hnlte roro generally ~ekon down inn jaw 
crusher, toothed-roller crusher, or n diaintogretor,. sorooMd to tho 
required size, rnd blended to the required nsnhnlt content: tho material 
is then trented in ~ rovolvin~ fire-heated cylinder to e~l moisture, 
uaunlly nt a tom~ornturc ot 260 to 300° F. Pnving nspht'.lt r,onornlly 
1~ processed locnlly ~nd tho ~roduct tr~ns~ortod to tho job whilo still 
hot • . L.sphr.lt h~s boon .extrr.etcd from =-s~ho.ltic rock ~t sovoro.l plnnt• 
by boilinr. the rock in vrr•,tor. In ordor for this mothod to bo auccoaa­
f.ul• tho contnined r.sphr.l t should hr.ve r. fusing "oint not exceeding 
90° F • (".nd tho minornl mo.ttcr should bo unconaolidntod nnd ooarso-grninod 
to permit sc!'::trr.tion or tho r.s!)hnlt r.nd mincrr.l mc.ttor, rnpid aottll~ 
or the mineral mr.ttcr, r.nd rise of tho rclcf.'.aod .naphO.ilt to the surta.oo · 
of the wntor. Tho r.sphalt multto dehydra.tod lntor by honting, tor which 
a number or different proocssoe ~hnvc boon used. A number or other 
proocasca of ac?~rnting nsphnlt from •~nds and ot so~.ra.ting vnrioua 
trnctions from .~s"h~.l t hnve been consi.dcrcd. !.!oat · or thcao proco11oa aro 
baaed on oxtr~cti on .with a ol vente ~.nd •o not in r.onoral . oor:1JOOroi nl use. 

Boor.uso nsph~lt ~.nd tho .rolntod bitumen' nre liquid, selld-eolW, 
· n!ld, aolld, they nro transported in a vnrioty of nya. Tho liquid . 
~nriotioa rnd othora ~th low ~~tin~ ~oint ~rc trr.naportod in tank o~r•, 
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'~* ~ruoka, 4itot"'.l dr\lli\1 1 woodon bc.r r ols, nnd n. bor b~rrcla. Tho r.wro 
aolid nritica arc ahi,.,""''d r.s cn~a or molded blooka. 3ome c.aphalt 11 
mltod ::.nd run into :'r.pcr bt'.(.l · which servo :-.a containers r.nd eo~ 11 
ahi!'?Cd ~• "ahot" .... rtor r:rt'\nulati on b~r run:•inr r. atrcrun or molt(ln ae~hclt , 
into TT'-tcr to chill tho ~ro;s. L!'.rc.:o contni~ors in which semi•li<luid 
asphalt is ahi~~:d, such t. te.nk ce.ra ~ trucks, ~.re ecnornlly equipped 
wlth heAtinr. de~ooa to ~ert~t romo~l or tho materiel nt ita 4oat1~tion. 

Tho naphr.ltic do?oaita or the Trinlt~, River tributc.r:r nroa in 
Tox111 c.ro not boinp.: ox...,loi tl?d nor: but 101M) asphalt ns ~toduced :rlor to 
ltOO in north Texna ~nd east Texaa. It wns ndnad by crude methode in opon 
•uarrioa or d~ wcUa ~.m vr=-.s uaod locnll~' in pi:. vi ng etrecta c.nd aido­
'mlka. Tho oil-im!lr.;rnntod ar.nds or Jarvia Chr.?Ql, ..'.ndoraon County, wore 
uaod tor pr.vct~nt of small nroaa . in Pnloat1no, Tcxna. In tho town or 
St. Jo, J!ontt-.ruo CoUilty, local naphnlt hna nlao be n used tor ~vi~ em 
baa stood U? woll under traffic. -

Tho oommeroi~l vt.luc ot tho aa!>hnlt deposi-ts ot tho St. Jo 
district in Cooke r.nd t:ontnr.ua counties is difficult to oY~lu~tc. Its 
position hirh on the slopes or n~turnl ridges ia idc~l tor mtnln~ wlth 
grnvity methods, lottinr tho filled ccrs pull u~ the oapty onoa. This is 
the ohoapoat form or l~~ding. The chcr~ctor or the rock ~.y ~rceoDt 
ditticultioa. Tho dc~osit is not thick ~ nd tho nsph~lt ia . in ecmc -plncoa 
irregularly distributed around lnr~or mnsscs or bouldora of unimprcgnntod 
rock. Tho overburden t~o is a ?roblcm. · Exploitation should in nny ca.so 
be !>rcoodod b:· c-:-rcful OX:>lor~tion for f~.vornblo locc.l dopoli ts. 

Tho oonr.:creir.l v~l uc or tho oil-imprctnntod annds i rom Jarvie 
Cho.,el is cnht".ncod b~, their r~irl~r uniform chnrc.ctor ~rhich rroul"d insuro 
n u.."1iform :. roduct. 

Tho asphnltie deposits or the Trinit!' tributc.ry r.ron in Oklnhom 
nrc boin~ cx:>loitod. ~ituninous rock is bl0ndcd c. t ~n ns~h~lt pl~nt near 
Dour)l..;rty in : -urrn~r Count:·, Okl:.-.hooo., -".nd is m.nrl::otod for rer.d-aurfa.cinr: 
mntcrinl. Gimil ::. r- mc.tcrinl hcs bc c.. n ':'ro:>r-.rod c.t :>lnnts c.t J.da in 
roato~e Count~· ~ m nc :-.r ~troud in Lincoln Count~. There ~ro no plants 
in Oklahom~ cng~god in ~rocoasing r clctivoly pure a.apha.lt or in tho 
fabricr.tion of o.ny or tho :roduets thr.t utilize nsphnl.t. Tho ,rosonoo 
ot numoroua :lctrolou:n refineries in Oklnhomr. o.nd Tcxns t'.nd tho lr.rge 
petroleum resources of the tributnry nrec insure c. substantinl sourco ot 
aup:"ly of n.".nutncturod as ~hnl t for mo.ny yca.rs. An oxccsa or mnnutr.cttrod 
o.sphr-.lt tor pnving pur'r,losos is now produced in Okl.:-.homc. :-.nd Toina, nnd ia 
shi!>,Cd to other nrcas. 

The post-Yrnr conatrt,otion .;,rorr".m, which is oxpoctt:~d to include 
oxtonsi~ rond construction QDd rcpoir work ns well ns oonatruotion ot 
buildin~s - ahould ~rovido nu ,oxcellont mQrkot for ~~~hnlt ?roducta. Co~ 
aidoring :-.11 to.ctors of supr>lY or row mc.tori".ls ~d :>otontinl mr.rkota tho 
r.ro11 o.!'p<H'.rs to be one in Yrhich an industry ot modcr:-.to ai zo on~.r,od in 
tho :lrc~".r~ion o~ rooting m~.te;rida, 1mter-prootinr, wonthor--prootin,;, 
~nd na~hnlt ~eints ~nd cementa, mirht ~rosper. 
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ASPHALT AND RELATED b: fUMENS 
I 
I ...., ____ _1_ ____ _ 

EXPLANATION 
TEXAS 

KANSAS 

~ Asphaltic sand of St. Jot district, .Montaoue and 
Cooke Counties, Trinity group, Lower Cretaceous 

1 
Petroleum- impregnated sand, Jarvis Chapel district 
Anderson eo., Queen, City formation, Eocene 

o Other occurrences 
1 COke COunty, Double Mountain group, Permian 
2 Stevens County; Cisco group, Pennsylvanian 
3 Tarrant Countv; Washita oroup, Lower Cretaceou. 
4 Nacogdoches COunty; Mt. Selman vroup, Eocene 

OKLAHOMA 

• Bituminous rock 

& Grohomite 
11' £ Impsonite 

• Asphalt plant 
a Petroleum refinery with apholt prod"''-tion 

DISTRIBUTION aF ASPHALT AND RELATED BITUMENS 
IN THE TRINITY RIVER TRIBUTARY AREA 

F'CJ· 2 

(/) 

<[ 
(/) 

z 
<[ 

~ 

It: .. 
<l 



• 

;. . 

,. 

. · 

i 

Toxo.a 

Occurrence of no.tur~.l o.a,ho.lt ~".nd re1rte~. b1 tur!ICna in 
tho Trini t:· ru. vcr tri bUt'-r~· c.rea. 

24. 

Tho bitur.U.noua s r.nd dc:"~osits ~::nov.~ in 1go2 vrcre invoatir;o.tod by 
Yl. D. Philli!)a (13) Y• i.t the ;roao~t time the follor.'inr: dc:>ollita r.ro 
knor:'n: 

Cooke County: (l) Four miloa southwest of liur;,nator~ (2) 1i 
milos v:oat of I.:uonster: (3) &iJ- rnilca aouthor.st of st.JO. · 

Uont~~uo County: (1) northern ~xtromity ot Snmpson Rid~o oaat 
of Devil' ..; Bt.ekbonc, 3 miles north.;.northea.at of St. Jo~ (2) oxtromo 
northern point of Gordon Lount~ n, 4 milo a north-northwest ot St. Jo~ 
(3) southwest aide of Gordon l:ountt.in, 1-i miloa north of st. Jo. 

·Tho de!'oai ts o.. ..)ookc :- !l.d ront~: r:uo countioa o. ppt'.rent1y t~l'rn r.n 
oxtensi vo district in which tho r. aph~ltic a=-..nd str('.t\111 r.vorcgoa 1oco.ll;y 
3 foot in thieknoss. Some of tho exposed de~osits nre ~rneco.b1e for about 
1 mile on tho aurfnco. This str~tum is in the U?pcr ~~rt of tho Trinity 
annd of the Lower Cretnccous. 

Coke County: (1) c.long Pcc:-.n Crock ~. t some diat:-.nco nbove ita 
conf1uonco rrith Srnzos R.ivcr, s~ort:".dic oil soopagoil from tho SIUl Ane;ole 
r!.nd 10\'Tor !::1~ ino (Flower Pot) s :-.nds of the PermillnJ (2) nonr Edith post 
office on Pcc :-.n Crook just .::. o.st of :lobcrt Loe. These soeps o.nd improg­
n~tcd sends hr.vc not boon utilized. 

T~rrc.nt County: a amnll ·sprin!: or socp~co of noo.rl~· :"~Uro 
c.sph~1t is reported from o. smnll bnsin 7 'r.rl.los ~Iouth of ro'ort ·t:orth. Tho 
pool is 10 to 12 rc .. t in di nmctor. 

f.ndcrson Count~·: vici::-:.1 t!• of J~rvis Cho.pcl, ~·. bout 10 to 12t 
r.U.lce oo.st of ?r.lcstinc. Tho do':'losi ts con~iat of S."'.nc!s impro~tcd with 
ho ~w7 :>otrolcum c.nd ~rc in tho Quuon Cit!' form~tion or tho Loccno. Fol1• 
owinr tho origin~l discovery or ~- sou:?c.bc of honvy oil ncc.r Jc.rvie Chnpol 
c. ,·oll wns ~ut down to :-. depth of 300 fc~t, cncountorin~: qu~ntitiea of oil 
c.nd c. srn.."'..ll c.nount or c~. s. This well is about 300 ~.ra.rds north•northoc.st 
of the ,roso.nt J~rvis Chc.pol, end is vd thin C\ r.1ile of most of tho known 
occurrences ~r the ~ sphnltic ~tor1a1. either At tho surfnco or in test 
holes. Tho oil-im~rct;nr'.tod s r..nds m.".ko up thrc.o distinct ~nd neighboring 
deposits ~xtonding over =-.. dist~ncc of 1.8 miles. The onatorn deposit 
occu,ios ~bout 20 acres, th<.. centrc.l one ~.bout 144 ~eros, ".nd ttw woetorn 
one 34 c.eros, mc.kinc c. tot~l of a.bout 200 acres. Tho oil•imprognntod 
s c.nda crop out ~t the surfc.co in tho oc.storn dc,oait, but olaowhoro thoy . 
lie under c. cover of 5 to 40 foot thickness. Their thickness vnrioa 
from o.i to over 10 feet. 

Nc.codr;dochea Countyt oil aocpa hr.vc long bc..c.n knov:n ~.nd utilized 
. nonr Chireno. The ~otroloum occurrence ot thcso so ~pa nnd wolla du~ in 

y Lit• l r~turc rotoroncol o.ro. given in the biblioernphy to th1• P..."1'QI"• 
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the area of the seeps is more in the nature of a shallow oil field than 
ot minable bituminous sands. 

ADalyses 

A B c D 
Asphaltene - - 1.!5 o.45 trace ii.25 
Petrolene- - - - 9.00 5.31 10.10 12.09 
Total bitumen- - 10.35 5.76 10.10 23.34 
Caco3- - - - - trace 0.56 trace o.oo 
s - - - .. ., - - 0~20 o.l4 o.so 0.43 
Si02 - - - 89.65 93.68 09.90 76.71 
Total- - 100.20 100.14 100.50 100.48 

,.,. F ..J 

Toul b1tumen- -- 8.91 a.ss 
Sp. e;r.- - - - ~.06 1.52 
Penetration- - ver~· soft ver~' sort 
Ductility - - 0 0 
Percentar-e through 

,,. 
100 :,,v0--100 

Percenta re through 1~~0..-44. 7 60.3 
Percentage through 1:~100--2. 7 21.5 

(A) Sam?son Ricl r:e, 3-} miles northeast of st. Jo, Uontague County. 
(B) Thomas Uoover's ~lace, Cooke County 
(C) One and one-half miles west of i:uenstor, Cooke CoWlty 
(D) Chapel well, Andersm.1 Comtty 
(:::) St. Jo. district, l.!ontag:ue end Cooke counties, avera~. 
(.F ) Jarvis Cha~el dist'rict, Anderson County, avera~. 
4nalyses (A) to (D) from H. B. Phillips (13); (E) and (F) from 
w. M. Terry (19). 

Oklahoma 

The n'tural asphalt de~osits of Oklahoma fall into two 
general e;rouns, tar sands or bi tQ··inous rock deposits scattered through­
out the east one-half of the extreme southern part of the i ·tate; and 
gr,.hami te de..,o,1 ts in the Ouachita J:ountains. In addition, impsoni te 
occurs in two small de~osits near Pure in LeFlore County ~ithin a few 
miles of the Arkanaas .~ate line and near DouGherty in llurray County 
in the south-central ~art of the state, and grahamite is reported in a 
small deposit neer Alma in Stephens Count~~. 

The bituminous rock deposits are in three ~enernl ~roups. ~ 
group of de, Qsi ts is in sediments of ''., rminn age a short dista~e east of 
tho VIi chi ta llountains in Comanche Co~1cy, Oklahoma. The second group ot 
de?osits occurs in limoston&s, sandstones, ~~d ·shales of Ordovician to 
Cretaceous ar,o on the north, west 1 and south flanka of tho .1'..rbuckle 
l!ountains in south-centro.l Oklahoma. The third ~roup ot depo!'its ere tar 
sands in rocka of Cretaceous a~o in Love, l•rshall, Johnson, and McCurtain 
Countiee;~oar the Texns state line in eastern Oklahoma. Two ot the . 
principal ·!e)"o&its he.vo recently been ·studied in detail by the Goolor;ical 
S~vey, United States Department of tho .Interior (?· and B). One ot the•e, 
the Sulphur deposit in sees. 15, 21, and 22 T. 1 s., n. 3 E., MUrraJ 
County, occ~s principally in faulted a~atone beds ot the Stmpson 
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gi"Ollp . or Ordovicir.n CCC• Tho rock th~.t h~a bo;::n L'linod ht'.a rnn~od between 
6 nDd 12 ,~rcont or bituminoU8 ~~tori~l ~nd baa ~vornrod 7 to 8 poroont. 
Tho second do~oait ia noQr D~ughorty in s~o. 25, T. 1 s., R. 2 E., ~ 
aoo. JO, T. 1 s., R. 3 E., in I:urr11:' County. In this dcpoai t tt.lpht\1 t 
iJ!ll)rcr,no.tes oods in tho Violt'. limoatone or 8rdovici!'.n t\COe Tho naphnlt 
content of th~ rock vnrios but ali~htly from 3 percent by weight. Rook 
from those two do,osits ia mixed tocothor with ~omo ~uro nephalt to mt.ko 
n p~ving mntorinl. Tho ' othor de~osits ~re oithor less oxtonaivo or hnvo 
n lower ~~~hclt content, 

Tho t:rnhnmi to dopoai ta of t he Ou~ohi tn 11ountnin aron occur in 
veins. l:Ost or tho veins ~.ro in shdo ~.nd snndatolloO bods ot Cnrbonlferous 
ego, but n few nre in limosteno, ahnlo, ~nd novnculito of Ordovicinn, 
Silurinn, :-.nd Devonian c.ge, About hnlr of the veins lio pc.rnllol to tho 
bcddin!, of the surrounding rock ~nd tho ram~indcr occur in fault &once, 
_l'ost of the; veins (lrc ·less thnn ono foot thick but thicknossos C'.S ~rent 
na 6 foot hc.vo bc~n obsorvod locnlly. Visible ~purities t'.ro tow. 

Rosorvoa 

~io nccurC'.t.:- ostir.w.tc of tho tot~.l rc.a t. rvca or tho r.aphnlts in 
the Tcxna ~~rt of tho ~rcn is ~os~ibl~ ~t this time, thoush fr~ tho 
oxtont ~.nd thickness ro;?ortod for the dc,osits in Cooke and l' :ontr.guo 
counties, in :.orth Tcx~.a, tho~' nust bo conaidcrc.blc in t~t region. They 
nrc C'.&sumcd to be present in n moro or loss continuous stratum nbout 3 
feet thick under tho entire o~ont of tho Trinity Crctncoous strntn in 
thnt ~!\rt of Tcxt\s.. The throo do!)osi ts ~.t J!".rvia Chr.pol in i .. ndcrson 
Count~· contnin ~bout 3, 700,000 cubic y~.rds of oil-imprGgn~tvd sr-.nds 
undorlying nbout 200 ~eros, c.ccordine; to "'stimt!to Jl]['.dc b~, tho Duro~~ 
~r :l:conomic Gc..olo~ of The Univcrsit~r of Tvx::ts. t:ow.)v.:.r, it ia not 
knovm how ouch of the; deposits is rocovc.rnblo. 

Tho tonnc.t;o of rvsorvos of bituminous rock in Okl~hos onnnot 
be computed boc~uso or lnck or dr.tn Qn their thickness in some do:>osita 
-:-.nd lt~. tcrc.l extent in othors, rov.-cvcr, it n1ay bo stntcd th~-~ tho 
n~e;rogt'.te tonncgo is l~rr.o in rclntion to ~st production. Tho to~.gc 
of grch~mitc reserves catL~ot be computod bCc~usc thoy h~vc not boon 
l'roapcctcd or n~ined suf'ficicntl~r to SU!>!>lY d!:'.t::t on their extent. Tho 
total to~~~r,o thnt could bo considorvd proved on the. br.sis of the sonnt 
nvnilt~.blo dt~.tn lb>uld not exceed 1000 tons, but shou» :-.n l".ttrnctivc mnrkct 
exist for r.r~h::tmitc from these. dc~osits, it is boli~vod thnt ndoqur.to 
proapocting of knOTm. dc,-,osits muld rcvc!".l ~ny times this rmount, Tho 
au~nly of n~nufacturcd c.sph~lt to bo expected from ~otrolcum rofinoriea 
in the future is dependent on the oil rosorvoa ~nd is l~req, but c::tnnot 
bo cstimr.tod ~.ccur~tcl~, boc::usc of l'O&siblc rnodific~tiona of refinery 
prnct~co, ~hich ~ght ch~ngc th~ asph~lt out~ut m:-.torially. 

Producin£ co~.nios c~d ?reduction 

The onl~, corn!>nny r.:ining :-.s!'h-~lt or bituminous mr.torinl in tho · 
Trinity Riv.:.r tributnr~· r.r, o. nt -:?rca()nt is tho ~outhorn f.ack Aaphnlt Co., 
Sul:>hur, Okl~hor:l:l, vrhich o,ort~.toa the -minoa in tho Sulphur nDd Dou~orty 
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deposita in : :urro.y Count~'• ~-nd . producoa bi tuminoua rock tor rond nnd 
stroot aurracin~. Production or· bituminous rock in Ok1nhomt. e.Dl 
Toxa.e from 1934 through 1943 is ~ivo~ in tho to11owin~ tn~1e. Tho 
ticuroa include ~rod.uction in Tox~s outside of tho Trinity Ri~r 
~ributnry nron. 

Tons V~1uo Tons Vn1uo 
1934• - - 290,946 et,tsz,sst 1939 - - 221,491 · t 684,1ro8 
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 - - 89S,572 2,018,022 
1939• - - 206,443 727,032 1943 - - 600,545 1,673,689 

• Includes ninor :'roduetion .from l!ow Ucxico. 
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COAL, LICiliTE. i.BD P&:.T · 

H. B. Stenzel and H. c. Fountain, Bureau of EconCDic Geolog, 
University of Texas, and T. ; •• llendricks and Ralph ~.ller, 
United States ~eological Survey. 

. . 
Conl is a type of combustible rock formed from vogett.1 -.tw 

by boat and prossure operatinG over a long period of timo. It contains 
varying amounts ef mineral matter 1 but whc the content of mineral matter 
becomes so sreat that the material is not useable as a fuel the rook is 
called bono, carbonaceous shale, or some similar term, rather th~ coal. 
Coal supplies more than half of the totnl ener01 requirements of the 
world. .i.s the principal souroo of heat end powe~ it plays f1 dominant 
part in induatrial development or all countries. 

• Coals aro formed by uoolo~ic processes nctin$ an the romaine 
or plants. The nature ~cl composition of a coal ia dependent on the 
composition of tho ori~innl rawmaterial, that is, the pl~t romeina, and 
the duration nnd charf1cter of tho £;;eolo£;;ic processes l'lhich ttho.ped the 
plo.nt ramnins into those sedimentary rock bodies that are called cof11 
sec.ms. 

· using the durntion and intensity of the goolo~ic processes as 
a ~uide, tho oo~ls arc classified into n continuous series Which boctn• 
vdth coals that uore &ffocted by geologic processes of short duration 1111d 
low in tonsi ty only, and ends ,·tith thoso that•were affected for a long 
time and vdth high intensity. ~1nt series is roughly reprosentod by the 
followin~ classes of coals 

Peat---~ Li~ite (or Brown Coal)---~ Bituminous Coal···-~ 
.i.nthraci to-··~ Grnphi to 

i~ng those the pent is least affected by goolo&io processes. 
In it tho plant ramnins can be sep~rnted ro&dily into individual strond1 
and identified as their botanical nf1turee Pe~t is of very low specific 
grnvity. nnd has high pr~mnry porosity. On the other end of t ho series• 
gr&phite is a ·mntorial so thoroughly alterod that it does not contain any 
plant structures; it is rather & minor&lobic~l material composed of crys­
tals of carbon. end its orsonic origin can bo surmisod only fro~ dctn 
other than organic plant structures. 

Pont is composod of partly decayed and disinteGrated brown to 
blc.ck vegetal matter, the docomposi ton of vlhich ha.s bean groa. tly retFcled 
by immersion in water. Romc.ina of numoroua plant spocios aro iclont1fi• 
able in peat, but its chief component is usually ano plant specios only, 
tho natura of '~ich differs from doposit to deposit. Peat freshly romoYed 
from its ~og usua.lly conta.ins 85 to 90 porcant moisture, hf1s an apparant 
specific gravity of up to 1.06, and weighs about 7 to 65 pounds per . cubio 
foot. varyinb t~ith the moisture content. 

Lignite i,a near the beginning of this series or the claues ot 
coal. It contains more or less clearly separable pieces of plant material 
identifiable as lignitized roots. leaYea, twibs• and tree trunks1 but 
besides this material there is a conaidercble amount of earthy _to danae, 
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more or leas friable, material that cannot be identified as a botanical 
entity vnthout the aid of a ~oroscope. The color of lignite is usually 
a very dark broun, and the color of the very. finely divided material, 
obtainable on a miner$logioal streak plate, is characteristically dark • 
ohocolate-broTm• For that reason it is perhaps better to call this kind 
of coal "brova coal", e.s the uord "lignite" implies deri vaticm from wood 
(JiQaum)--a derivation vmioh is only p~rtially consistent ~th the nature 

. of the plant remains the.t \lent into 'the moking of li~i te. l.ioat li&ni te_s 
are soft, frir.ble or cr'1.1111bly~ have low specific ~rnvity, rmd comparatively 
high primary porosity • . The large amount · of moisture present in mine-fresh 
lignite is due to its hi~h primary porosity. The specific srcvity of 
lignites is variable and rnn~es from 1.16 to le46; the averabe ia about 
1.33. . . 

Bituminous coal fa usually bro,miah-black to black, and the 
mineralogic atret.lc is bro•;.nish to urayiah b·lack. Plrmt structures are 
onl~ re.rely visible to the n~ed eye but can bo detected under the micro• 
scope after preparation. The bituminous coals have a glassy or gr.~aey 
luster on fresh crossbrcru~s. Th~ are considernbly harder than libDitea 
and more coherent. The naturd porosity is low end they c.verage o.bout 
1.40 in spe~if'ic grnvity. 

The principal use of' conl is o.s a domestic fuel and for ate~ 
generation, both in stntionary en~inea such as power plants, and in mobile 
engines such as railroad locomotives. The by-products resulting from 
special treatment are very many and have manifold uses. Coke is a residue 
obtained by distillation ~f certain types of' bituminous coals whereby 
most of the volatile materials are driven off as gases and the fixed car­
bon, or coke, left behind• This residue is then used directly as a fuel, 
in the manufacture of water gas, in blast furnaces in the making of steels. 
and in a great variety of metallurgical processes. The volatile fractions 
obtained by the distillation of' coals contain many valuable hydrocarbons 
and other substances ·that can be recovered and used. .i.mona; the me.ny by• 
products are volatile fuels and tars ~hich can be further processed and 
made to yield dyes, solvents, drugs, and other chemicals. Only the coals 
~~th a high fixed carbon ratio are suitable for makinb coke. 

Lignite can be burned as it comes from the mine, but its eff'i• 
ciency is much less than thnt of' the harder coals. Special types of 
~re.tes and methods of stokint e.re necessary to achieve the complete bur.n• 
inG of' li91i te • HovTe\rer, when fashioned into briquettes, lignite can be 
made to approach some of' the other coals ~ utility and efficiency. Both 
lignite and coal have been used in the finely ground or · po~mered f'or.m for 
injection into f'urn~ces or boilers somewhat after the manner of a gaseou1 

• or liquid fuel. 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 countries, and its principal employment is tD 
soil improvement. ~bout 93 percent of the peat sold in the United Statee 
in 1940 wa~ used for soil conditioning, the remainder beinc used ·in mixed 
·fertilizers, litter for bar.ns and poultry yards, and as packing material 
for e&gs, shrubs, fruits, vecetablea, and f'raa;ile articles. None wae · 
reported a1 ueed for fuel. 
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Coal is mined in open pits by strippint; . orr the overburdc end 
in underground mines • Underp-.o\Zld l"'ining in t;enernl ia by the room and 
pillt.r rnethod or the lont;;m.ll me.thod, ~i t~1er or \1hich ru.y be used in a 
shd't mine or a drift or slope mine. The coal may btt \m~ercut by maohine 
and brol:<:r. do·.:n by e;~pl~sivos, or may be sho'..; do~·n froa a·oli~ fo.ces. ~e 
mined coal is hauled to the mine tipple vlhere it i .s loaded directly to 
cars for trensnortntion if it is to be used o.s "run-of-mine" coal. Host 
coal, ho-r!ev"'r, · is classified ir1to s!.ze src.des by screcming. If the coc:.l 
has o. hi~h as~ content the fu1er sizes are clenned by T~shinge For oak­
in~, co"\l ·11th suite.ille cokint; properti es !'rom t~·,o or more mines are oom• 
monly blended in definite proportion~ to supply e raw materi~l with the 
best possible ooldnt:, properties. 

Aiost coel is tr<:nsported by rc.ilroo.d but some coc.l for local 
me.rkets is hauled by truck. i..iuch cof".l is ship·ped by br.r~e in Europe ond 
in some parts of the enstern United States • Bituminous coal is generally 
shipped in open cers and may be stored in the open. n~e tendenCy or lig­
nite to sl~ck cJld to burn by spon·cancous combustion requires that it be 
protected from the v~eo.th er 1 both in shipping and in storo.t;e• 

Coal, Lic;ni·te, and Peat in Texns 

~tensive ooal-bearin5 str~tn occur in the Trinity River tribu• 
tc:.ry nrec:. of Texns and contain deposits both of bituminous coc:.l end lig• 
nite; the former is the belt of Pennsylvanian rock3 that crop out near 
the hendTiators or the Trinity River &nd the lt.tter in the ~ccme beds in 
the southonstorn pLrt or the erea. In eddition to coal and lignite, 
deposits of the relnted subst~nce, po~t, are present in areas ~dj~cent to 
the lov1er ret.chos of tho T.rinity River. How~er, the introduction o£ 
more desir~blo or choo.p ()r f'uols, l "-rgely products of the petroleum and 
GC.S industry, h~s mnde serious inroads in the production ~d utilization 
of the oonl rosources of tho Trinity River aren. Lnr&o soalo production 
qf the bituminous coo.ls hns oec.sed, r.loh{; rrith n severo doclino in th~t 
of lignite. 

In Toxo.s, precessinb of tha ooo.ls, ·especially lignite, for 
enhalJ~in~ tho fuol valuo, hns met with Ut·Ue success. Tho nc.turc.l 
adnp~on of cortnin Europom1 bro\'4'1 coc.ls to the manu~acturo er briquette• 
lod to tho oc.rly inference that tho Texc.s mntorio.l &lso ~ght bo troc.ted 
nith simil~r succoss, but experimentation h~.s 30 rr:r not bo~JD succossful, 
nlthou~ tho fcnsibility of ~uracturing certc.in dohydrntod ~roduota 
is indiontede 

.i .. smnll amount of li{)li·co is novr being · usod in ·\;ho .manufacture 
of a.ctivr.tod· or.rbon (8) y, chiefly for use r.s n filtering mntoric.l. · 

Tests ~d annlysos ho.ve shown that some of the bituminous coals 
lTould me.ka fc.irl.y t;ood coko but thc.t their aulf1._.1r . . ocmtent is too hi£)1 to 
~e them deairable for blast furn~co use (19). Tho Thurber coc.l, accord• 
tng· to B~or ' (22), v~ll coke. Its B.T.u. vc:.lue ranbos from ll~SOO . to 
l3J760J tho fixed cnrbon from 40.8 to 52 percent. 

--------------------------
];/ Literature referc,ncoa o.ro '"'iven in tho bibliography. 
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1'he annual report of the mining indu1try of Texas t·or the year 
1928• some ten years after t !1e ·oegilming of the sharp decline in coal 
mining operations, summarizes the mining methods as follo .. , 

11 The majority of .the bituminoul mines of Texas are operated 
by the lcog-wall method e.nd ain{;jle ctry plane The lignite mines 
are all room and pillar uith double entries. .1.11 bituminoul mines 
are she.ft mines. Of th~ lie;;nite, about tYft»•thirda are shaft ' mines, 
th·e other third us in~ a lopes • 

11Stemn hoists are used at practically all of the mines. The 
majority use mule he.ula~e. a few use electric and gasoline motors 
Md rope hc.ula£,e• 

11The majority of the mines are ventilated by f:!lls 1 11 few 
are ventilated by furnc.ce. or Texas' output, npproximately 74% 
is mined by hr..nd• 1% by machines, llnd ~5% is shot off solid. 
None of the li&ni ·i;e tonnr.r;e is mined by ~chines except the· strip 
mining, which is mined by steam shovels • There r.re tvro different 
companies of this l:ind opere. tin~ in the state c.t this time." 

Le.ter stt.tistic.:. l reports of the United States Bureau of llinea 
indicate a probressive incr~ase in strippin~ operations, the details of 
which are concealed by includin0 the Texas data \.ith those of other states 

Underground mininG by hand had always obtained in the bit~oua 
fielda untilin 1940, vmen a small tonna~e was reported as cu~ by mach~es. 

l•'uture. production of Texas coals depends on very m8ny economic 
factors. Coal as a fuel for home use has probably only a very limited 
future. ;.t present this field is served by natural gas '1herever the mar­
ket is a concentrated one; such as in the moat populo~• settlements. 
These s et'clements ..-:ill probably conti:.1ue to be served by natural ge.s aa 
lon& as this i'uel is so abundllnt. This condition would tend to restrict 
the l!omo fuel market cons i derably. 

The most promisinb outlet for the coals as fuel is in the 
industrial field e.nd in the fuel supply of poner plants in such areas 
~1ers natural 0as is not e~sily available, but ~ere the coals are oon• 
veniantly located. The successful operation of the University of Texas 
povrer plant in A-ustin t ,'i th lit;ni te is en example of this sort·. l.nother 
possible future use of t he coals is in conjunction vdth chemical extrac­
tion ple.nts \'There ·che coc.ls could be used not merely as i'uel but as a raw 
materi<:.l for chemica~ ex·ioraction • 

. Hovrever, should in the future the production of petroleum and 
natural gas not keep pace vri th the continuously risini;; demand for these 
products, then conditions for production of ooo.ls mi~ht change so much 
that a new era .ot economic exploitation of' the coals mi~t arise. Under 
auch conditions· ooals mijht be produced atain in quantities equal to• ~r 
greater than, were teken from the bround in the years 1917 to 1920. 

( 

the outlook for future uses of some of the PennaylTanian coala 
of . Texaa ie not bri~ht. Seaiu that are cmly 20 to 24 inches thick and 



have a hir;h sulfur content ccnnot be mined oh•ply, nor CQll they 1'ind 
many uses. 

Peat produced in the Trinity River area mibht find USYS as 
soil conditioner in nearby situated plant nuraerie~ t.nd f'or coJIIDercial 
florists. Such uaea v~uld by their nature have to be small 1nd locally 
restricted so that the peet vmuld not have to be shipped tor lang dis­
tonoes • In nonnal times hiS}\ quality peat from European COI.Ultriea can 
be delivered cheaply by ship to the soa coast of the Unitod States and 
is in competition tdth locally produced peat. 

Occurrcmoos Viithin the Trinity River Tributary ~·.roe. in Toxaa .. 
Bituminous Coals·-·.iorkablo deposits of bituminoue coals in the 

Trinity tributary &roa are found in strnto of Pennsylvanian age in a 
riUJI)ber of north-central Texas counties: 4 .. rcher, Brovm, ColeJD11111 Eastlr.nd, 
Erath, Jc.ck, }ioCulloch, lion·iinGue, Pe.lo Pinto, Parker 1 Stephens, i';lse, 
and Youn&• (Fi~· 3) Tho various bods ran6e from Lower to Uppor Pennayl~ 
vr.nian in &go, end tho t hree most important of them represent all three 
divisiana of Pennaylvanit.n strc.te. outcropping in tho aren, n~ely, the 
Strnvm, Canyon, c.nd Cisco divisions. 

The Thurber coe.l, of Str~\ln age, occurs in tho bcs o of the 
Minerd ";iells fonnotion rutd has bean mined at Thurber in Erath County, 
nt Gordon end S trc.~n in Pnlo Pinto County, ~d at Rock Crook in Parker 
County. Tho c.vornge thiclmcss of the Thurber soam ia c.bout 2 fot~t• 

The Bridgeport coal, at Bridgeport1
1 ·~ iiao County 1 averaging 

about 20 inches in thicl::ness, is in the upper part of the Palo Pinto 
fornation, Canyon f)roup. llininG operations in this bed '''ere the last 
to close down in t .1e state. 

The Chaffin coal, in the Thrifty forJilt!.tion of the Cisco @.roup, 
occurs. only in the Chaffin mine near \'ialdrip in LoCulloch County, and . 
is about the same ·i;hickness as the Brid{;eport see.m e.nd, lil:e t he latter, 
is associated l':ith limes t one. 

In ad<li tion to the e.bove \'Tell-lmom seruna, which have been more 
or less accurately traced over considerable areas, other beds of less 
certain relationships are Jmow e.nd others continue to be discovered 
from time to time. Several thin coals in the stratigraphic vicinity of 
the Chaff"in seam are ordinarily enco\mtered over a wide aroc. in bore 
holes • These center about Youn{., County e.nd cnn be traced dom dip to 
the wes t"' Trhere they are replaced by oil san:da occupying a siridlar strati• 
&rnphic position. One or more of' these ooall has been mined in the pnst 
at Newcastle, YoWlg County# and near Jerrn.yn, in Jaclo:: County. 

In the report on Palo Pinto County, PlUD111er tllld llomber&er (20) 
name three coals in addition to the Thurber and bive information as to 
their extent, thickness, and possibilities of commercial development. 
These are thea (1) Dalton coal, betl·reen 9 and 10 feet thick, occurring 
in the Graford formationJ (2) i.bbott coal, 2i feet ·thick ond occurring 
in the Brazos River SL"'ldstone, l.lineral Wells formation of the Stram 
~~oUpJ and (3) Sunday Creek coal, 65 teet below the Ypper Santo ltmeetODe 



EXPLANATION 

~~ Outline of area in Oklahoma underlain by cool 

4 Outcrop of Hartshorne coal 

..r, Outcrop of Henryetta coal 

~ Outcrop of Broken ArrO'M coal 

-"6" Outcrop of Dawson coal 

(? Areas in Oklahoma in which coal has been mined 

- Outcrop area of Pems~lvonian strata contoini"9 bituminous cools in Texas 

~ Outcrop area of Eocene- Wilcox stroto containino lignites in Texas 

m Outcrop area of .Eocene- Veguo stroto containing lignites in Texas 

DISTRIBUTION OF 
COAL AND LIGNITE IN THE TRINITY RIVER TRIBUTARY AREA 



of the liillsap Lake f'ormaticn, Stra,·n :;;roup. This seam 11 aaicl to be 
like the Thurber coal but somewhat thinner• It 1• e. little leaa then · 
2 feet thick. The Dnlton se~, it tdll be noted, is much thicker than 
other knom coals in the area. 

Lipites - ueposits of li&nite are widespread in Eocene atrata 
in the aouthee.stern part of the Trinity tributary area, puticularly in 
the Wilcox group of sediment~ (Fig. 3). Some deposits of leas extent 
nnd importance occur hi,..!~er in the section in the Yegue. f'ormaticm ot 
Claiborne age. Counties in the area crossed by the li&nitio belts are 
e.s follows: (•Indicates past or present commercial production.) 

~:nderson • Franklin hopkins• Yorris Robertson• 
Bowie l"'reestone Houston• N aoogdoches * Husk 
Camp Gregr:; Leon• Navarro Smith 
Cass Harrison• Limestone Panola Titus '• 
Cherokee Henderson* Larion Rains• Van Zandt• 

·:1ood• 

The Rockdale member of the ' .. ilcox formation contains lr.r&e 
deposits of lignite in the uc:s ·tE:rn part of .underson County a.nu has been 
Dined .nt the Palestine snlt dome. 

In BoVIie, Camp, Cess, C~1erokee, t~nd li·ra.nlclin Counties, the 
l:nov111 lit}lite deposits· have receiv .~d little or no development. The same 
is true of I··reestone County. \/here l'· 25-foot sorun occurs n .:JE\r Turlingto11e 
Umy lignite exposures in the cotmty shou ev1denoe of having burned in 
ple.ce throuGh nt.ture.l causes (;1.4 ), after Jche manner of the porcellt.ni tea 
of Trinidad o.nd the burned roc!=s of nor·i;\ ,ern-centrr.l United States • The 
Gregg Cotmty lit;ni te resources r.lso lack development. 

Harrison County has been t.n importent · procluc~r of lignite in 
the past from mines noc.r l ~ars ;lall, end there is some production at pres­
ent. Lignite from mines about 12 miles to the sout:nvest are utilized 
by e. plant in that city in ;:;he nanufe.cture of e.ctive.ted carbon. 

L.~ost of' the central end uastern parts of Henderson County are 
tmderlairi by lignitu, \:hich crops out in places near ..-.thens • The county 
he.s bean a large produc~:r 1 :.nd mines are now in operation at lkle.kotf • 

Li&ni te minos noar Como in Hopkins County l"rere in operation 
from sometime before 1909 to about 1928, according to e.nnual reports ot 
state mine inspectors, ~moso duties t.nd functions expired nc~r the le.tte~ 
dc.te. 

Yegua Honi te crops out in southern r.nd southl'!:::stern liouston 
County r.nd nlont;, Trinity River. ~. 6-f'oot bed nenr Lovelady ,·tas mined 
from 1907 to 1930. During t he same period a so£'.m e.0out 9 feet thick in 
the i ~ilcc.x v:P.s norked near Boar Grc.ss nnd Ev<.nsville in Leon County. 
Information about thes.J mines is gi-ven by lie Be Stenzel (25)• 

liilcox lignites also occur in the southeast pc.rt of Limestone 
Co\.Ulty nnd e.lon0 Sulphur J.;·orl: in Lorris County. Similc.r beds of loss 



35. 

than commercial thickness nr~ found in Uarian County on Big Cypress 
Creek ud on the north sido of Cnddo Lake. No d,evelopment of ony of 
t1\eao oacurronces hu bean rcportod. 

No.cogdoohea County vro.s listed UlOD6 the producers in tho report 
of the state inspector for 1928, ,.:i th ttinos near GnrriaODJ c.nd a mine 
at Ginger, in Raina County, W&a listed in the report of 1909. Dumble(6) 
mantioned outcrops nenr Emory in tho some county, in ·what is now oallt.3u 
the ·;.1loox groupe 

KennodyQ3), in 1893, reported on the li&nite oocurronooa in 
Robortson County, particul&rly at Calvert Bluff, vmich deposita were 
boin~ developed in 1909. 

Non-commercial deposits are Tlidesprend in tho Yot;;u& of Rusk 
County. Smith and Vnn Zondt Countioa hnvo numerous o:tposuros of :·.ncox 
lignites • 

Importont ···ilcox lic;ni te beds not.r .i.lbn, in wostom r~ood County 1 
hnvo boon in intermittent production since 1090 to tho prosant. 

Poo.t·'- Peat bo[:;s are found in the Trinity River tributary area 
in the outcrop are& of the Carrizo snnd ~d the Spartn s~d of the Clai­
borne groupe C.x·i;Eilsive bo 0 s occur in eastern Houston County. These 
bot:,s have not ueEI'l investit;e.ted from the point of vieu of' commercial 
~reduction of peat, .Fnd peat is not produced in the aree., ~lthough there 
has been o. sme.ll production from Lee County, outs.ide the tributc.ry r..rea. 

He serves 

.;;.stima·tes on reserves of ·rexu; coal c.nc1 li.:;nite, most of which 
are locnted in the Trinity River tributary area, h~ve long ~ointed to a 
prodibious supply. The north ·.L'exas bituminous coal beds underlie an nrea 
in excess of 81 000 square miles, rrith a totr.l reserve estimatec1 at 3 
billion tons. Texas lii}lite ~rec:. s cover an estimc.ted extent of 601 000 
square miles, of lmich about 63 percent are in the Trinity River tribu­
tary aren. The ·cotal Texo.s lig.ni te reserve has been plnced nt 30 billion 
tons. 

i.ccumulated totnl production to the end of 1943 for the entire 
atnte of Texas vms 601 499 1 000 tons, o. tot~l less than 2/100 of 1 percent 

· of the estim&te~ reserves o1· coal ~d 1it71ite. "Mum it is considered 
the.t it baa .required more tluul 60 years to reduce the reserves by this 
small ~oJnt, their enormity is at once evident. 
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Production 

Bituminous Coal in 'l'exaa_Portion o£ rr!,n!,ty River Tr!.b_!tary AI-_!! 

Producticm 
Year· _ (!e,t Tcm.a) 

1934 

1935 

1936 

1937 

15,502·!/ 

17,112 !I 
21,507 !I 

44,060 El 

1938 33,781 (!) 

1939 8,000 

1940 14,137 y 

1941 

1942 13,210 

1943 9,097 

Totnl l9l,8i38 

Per Producing 
Value Ton Counties Ylnes Remark• .. -------------.... .__.._._ ..... ._.. ~ 

--

DreWiter•, Palo .'~. 
.Pinto 

Brewster• Palo 
Pinto, .1ise, 
Young 

Pc.le Pinto, 
':"iebb•, 'l. iiae, 
Young 

3 

26,000 3.23 Palo Pinto, ·.:iae 4 

48,000 ,!V 3e 1.i.2 Pa lo Pinto~ 11lae, 3 
"iiebb• 

55,000 4.17 Same 

39,000 4e32 P&lo Pinto 

.aJ Include~t 
Brel'llter 
County• 

EJ Include• 
·. :ebb• 
County 

•Indicates counties not in Trinity tribut~ry area. 
~11 dnta from publications of United States Bureau of hlinea 
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Lipite in Texas Por_t~on of, Trinity River tributary .i..rea 

Production Producing 
Year (Net Tons) Vo.lue Tea. Col.llties Mines Remarb 

I ~--:--• .._ --- -
1934 561,566 t939,000 "1.69 J.nderson, Barri .. 9 

son, Henderson, 
Ti tue 1 "';iood 

1935 562,129 460,000 1.22 Same 9 

1936 651,952 509,000 o.78 Iinrrilon, Uender• 8 
son, Titus, ~.iood 

1937 707,788 559,000 Oe79 Same 8 

1938 846,219 679,000 o.co Same 8 

1939 727,5~7 309,000 1.11 Henderson, Titus, 8 
Y·iood 

1940 532,471 589,000 1.11 Same 8 

1941 258,135 245,000 0.95 henderson, Titus 6 

1942 290,969 !I 246,000 -" o.ss Hendel' son, l!ilam•, 5 !/Includes 
\iood l.tila.m• 

County 

1943 144,144 ~ 127 ,~oo y o.aa Sc.me 3 

Totals 5,282,920 5,162,000 

--
•Indicates county not in Trinity River tributory area. 
~-11 do.ta from public&tions of United States Bureau of Mines. 

Coe.l in Oklahoma 

Bituminous cot.l is abun~ant in ee.st-centrc.l end northeestern 
Oklc.homa (.lo'tg. 3). It hc..s been mined in considerable quantities from 
ten .different coal bed::;, Y.'hich ::.re from oldest ~o younGest: Lower 
Hc.rtshorne, Upper lir.rtshorne, llc.o'.lester, Stisler, Ce.vanal,· Lower Witte­
ville., Upper .. i tteville., 1 enryettn, Broken ;.rrovr, end Dawson. Some of 
the beds, such e.s the Lower Hartshorne c.nd i.:ic..-.lester coals., &re lmown to 
be of mineable thickness bcnee..th hundreds of square miles. Others, such 
as the Henryet~o. and Ce.vanal coo.ls, are somev1!1at less e;~tensivo, e:nd 
still otl':ers, such c.s the Broken • .rro:·: e-nd Dawson coo.ls 1 are ~enerally 
thin but o.re mineable near the surfc.ce in limited arec.s. :Uost of the 
ooc.l produced from the Broken .;.rrow c.nd Do.rrson bods hc.s been mi.zled from 
open cuts, wherec.s most of' that produced from other beds l1o.s come from 
undor ._.round mines • .-.11 of these coal beds occur in rocks of Carboniterou• 
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(Permaylnnian) age. In the southern end atreme eastern part ot the 
Oklahoma ooal field, the strata have been folded rather intenaelyJ ao · 
that at moat placea coal n~a.r the surt'o.oe dips 20 decrees or more, and 
Gently dipping coal generally lies A thousand teet or more beneath the 
aurf~ce. In the northern part ot' Oklahoma the rook~ are leu folded ancl 
the Henryetta, Broken Arrow, and Dauacn (\l'),al becls are nearly horizontal. 

' 
liuch of the coal produced in the Trinity tributary regi011 of 

Oklahoma is used in steam power plants, for minor industrio.l purposes, 
~d tor the heating of buildings. The majority of the railroeds now use 
diesol engines tor major hauls, with the reault ~~at coal-burning enginea 
are used only for s\'li.tching and 011 branoh lines. Coal from the eastern 
part of the Oklahoma field ~• coked in considerable quantities about 
1900, but the only recent use ot' these coo.la for coking hns bean in 
steel plants in Texas that ho.ve been operated principally as war lnduatrie. 
liost of the coal of ecstern Okl~homa is suitable t'or coking, particularly 
if the various coals are properly blended. Both fuel oil and natural gas 
are abundant in this nroa end have supplcnted conl in places. In moat 
industries, except such specialized ones ns glnss monutncture1 oonl il 
a satisfactory i\lel end ·Che existence of adequate coc.l resourcea c.ssurea 
a supply ot' fuels in case petroleum nnd natural gns resources diminish 
greatly. 

The reserves of bituminous conl in Oklahoma were estimated at 
54 1 755 1 8531 000 net tons, ~s of 1937. Production and minin~ losses since 
thnt time, rutd deduction of the amount of oocl in nrens outside the 
Trinity tributary nrea vrould still lenvo more tho.n 50 billion tons of 
\mmined bituminous ooc.l ,·rithin the \rinity tributc.ry area in Oklahoma. 

'there were 98 mines in Oklnhor.tn, from ec.oh ot' \"lhich more than 
1,000 tons ot conl was produced in 1942, and there wore 66 ~.Gon mines 
uith o. production of less thr.n 11 000 tons er.ch. Eleven of the mines with 
more then 1,000-ton production ,·rero strip mines thr.t produced 1,1001 800 
tons of coal, employed 423 men, nnd ,·rorl::ed o.n t,vero.ge of 231 d~ys during 
the yenre Tho production of bituminous coc.l in Oklahorao. from 1934 through 
1943 is given in the follo\"dng tr.ble. The production from CrcJ.g County 
Tmich is outside the tributnry are~ is · included. 

1;.11 do.tc. from publioctiona of the United Stc.tes Burecu ot liines 

Yea.r • Net Tons V11lue 

1935 1,229,000 2,879,000 
1936 1,540,000 
1937 1,600,000 
1938 1,245,000 ---1939 1,180,000 2,507,000 
1940 1,646,000 4,016,000 
1941 1,711,000 4:,693,000 
1942 2,307,000 6,779,000 
1943 2,638,000 8,968,000 
1944 3,209,000 -._..._....._._ 

Xotal ·17 ,653,000 
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ttATURALGAS 

R. L. ~ller, United States Geological Survey 

Natural gas in the broad sense is aey naturally oocurriDg gaa 
that is present beneath the surface of the groWld. In normal uaate. how­
ever, natural gae is restricted to naturally occurring inflammable gases 
conaiiting principally or hydrocarbons and occurring beneath the surface 
ot the ground. !!oat natural gai is made up of a mixt~e of pure gases, 
principally methane (CB4). ethane (C2~). propane (C3He). and butaue 
(C4H1o). with minor amounts of nitrogen, carbon dioxide, an~ oxy!ln• Heliua 
occurs as a minor constituent of natural gae in some areas. 

Nr.tural gas 1e inflammable, 'is uauall~ lif:}lter than air. ie color 
lees, generally has a alight, sweet odor, and ~nerally ia under conaide~­
able pressure underground. When 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 
tor many uses unless the hydrogen sulfide is removed. Gases containing a 
relatively small proportion of ~asoline vapors are termed dry gases and 
those with relativelJ' lar~ amounts are wet gases. Wet gases at:e coDDOnl)' 
associated wi~h oil underground, though the two may not be produced from 
the same well. Gas Which is collected and utilized tram a producing oil 
well is known aa "casing-head" gas. The extraction of natural gasoline 
and other liquid hydrocarbons by coilecting the wpors from "casing-head" 
gas is an imnortant by-product of the oil production in some oil fields. 

In rnany parts of the country vast quantities of natural gas 
have been allawed to escape into the atmosphere because oil was the only 
product sout;ht by well drillers. The gas accompanyint· the oil in the 
reservoir was only considered desirable insofar as it assisted in bringing 
the oil to the surface. Some gns wells haTe been allowed to blow free 
for years, not only wasting a highl~ valuable fuel, but also lowering the 
reservoir pressure and the ultin:ate recovery of oil from the reservoir. 
Laws have been passed in many states. however, forbidding or restricting · 
this practice. In addition many ~ipelines have been built in recent years 
to convey natural gas from the ~reducing fields to the markets. The 
search for sources of natural gas now ,roceeds hand in hand with the 
search for oil, and annual production and conaumpti~n of natural gas is 
still on the increase. 

Natural 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 cleaDDeas, efficiency and convenience of ita 
use, and it is superior to manufactured gas because of ita higher ·heating 
value. Natural gas is becoming more and more popular in the heating of 
homes with the result that consumption of gas ahowa 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 or carbon black. The tlame from a gas jet is thra.n 
a~inet a chilled surface on which the carbon collects and from which it · 
is remoTed at ~riocUo internle. Natural gas ·is also used in the manu­
taoture of same organic chemicals such as plastics, and creat ·expan.ion , 
:~J.' .be ezpeoted in this iDdustry as additional methods of breaking down 
'd.C!~~JllaK the constituents of the ~sea are developed. So• natural 
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gas contains sutticient' percentar;ea ot helium to be valuable in the pro­
duction ot that rare aDd stratesic element. Carbon-dioxide gas tromwell1 
baa been used in the manufacture ot dry ice, but no important carbon­
dioxide wells are present in the Trinity Ri~r area. 

, Natural gas is trana,orted almost entirely by pipeline. although 
butane· gas tor use in isolated homea is transported in presaure cyliDderl 
by truck. It may be used directly as it comes trerm the :>ipea, or it may 
be stored tor short periods ot time in large cyliDdrical tanka trom whi.ch 
it is distributed by numerous small pipes to local consumers. The usual 
practice is to control the tlaw ot gas from the wells to confor.m to the 
demand. V~ere gas is collected as a ~~product or ·oil production, this 
cannot be done, however, and gas in excess or the immediate demand must 
either be stored or wasted. Storage above gro~ in large quantitiea ' 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 •1n­
tain reservoir pressure, and is also available for ruture use as needed. 
In places gas has also been stored underground in exhaus~ed reservoirs, 
to be withdrawn at a later date. Thus the seasonal variations in natural 
gas consumption can be met, by storing. excess gas produced during the 
summer months and withdrawing it during the winter months when demand 
exceeds supply. 

P.ntural gasoline and other liquid hydrocarbons are normally 
collected from "casing-head gas" or wet gas near the si tea of the wells. 
Trans~ortation of these liquids to markets ~~ then by pipeline, tank car 
or tank ship. l','here the haulage to waterwa~rs connecting w1 th the ocean 
is not excessively lone;, ocean-going tankers normally afford the cheapest 
~~~~ of transportation to distant coastal markets. 

Nearness to markets vms for many years the chief factor in 
determining whether natural gas would be utilized when found. In recent 
years, h~ever, lonr.cr and lonr,er pipelines have been built to carry 
natural gas to larger cities and to other industrial areas. A network of 
gas ~ipelines naw crisscrosses the southwest, midwest and northeast parts 
of the country and some ~ipelines have been built in other sections. 1~ 
En~land, the south Atlantic coastal region, the Pacific llorthweat. am 
Nevada are the only large areas of the .country which as yet have no. natural 
gas pipelines. 

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

. The Amarillo gas field in the PanheDdle 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 or the Artan.ae Vallev or east-central Okla­
homa, . where the gas occurs 'in Pennsyl Wllian rocks: In the Carthage fiel~ 



the gaa ie of the wet type; whereas in the Arkansas Valley fiel~a the 
, e;ae 1a dr!", and no oil is found vi th it, nor does oil occur in other 
etratigraphic horizons· in the rer;ion. rumerous other r;as fields are 
found in almost all parts of the Trinit!.r River tributfr:-" area, but they 
are most abundnnt in central Oklaho~ and north-central and central Texae. 
Some ot the gas has oil aasociat~d w1 th it end some ia of the dr~r type. 

The reserves of natural e;as in the Trinity River area are larr;e, 
but f.ieures for gas reserves are not as meaninr;ful as t:i th !'Otroleum 
because so~ of the ~a~ which is ~reduced in the future will continue to 
be wasted, and much of it will be used in repressurin~ oil reservoirs to 
increase the pro~uction of oil rather ~han being utilized directl!'• The 
Petroleum Administration for War estimates the ~roved reserves of natural 
r;as in Texas on Jan1:1ary 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 Pa~ 
handle ree;ion accountinr; for the major share. Almost all of the proved 
Oklahoma reserves arc within the Trinity tributa~: araa. 

\'lith natural t;;ns, as "ith oil, the !)roduoing companies are 
extremely numerous and include most of the major oil and r;as companies of 
the country and mo.ny of the smaller ones. Production figures of marketed 
ens for the stPttOI of OklnhoJt& and Texas for 1934 to 1943 are given below. 
Almost all of the Oklahoma production comes from the Trinity River tribu ... 
tcry area, but only about halt of the Texas ~roduction is within the · 
Trinity area.. Fir,urcs are ~iven in millions of cubic feet. 

Oklahoma Texas 

1934 254,457 602,976 
1935 274,313 642,366 
1936 200,481 734,561 
1937 296,260 854,561 
1938 263,164 882,473 
1939 250,875 979,427 
1940 257,626 1,063,538 
1941 234,054 1,086,312 
1942 269,704 1,170,345 
1943 265,045 1,323,885 

The table shows that production nnd JMrketing of gas in· Oklaho• 
has been re1o.ti vely stnble over the 10-ycnr period, v:hereas the production 
from Texas has shown a steady increase with the volume marketed in 1943, 
being slieht1y more than twice that of the 1934 volume. This has been due 
in pert to the buildin~ of ~ny new pipelines in Texas to tap older fielda 
whos~· t;as had not previousl~· been utilized, and pnrtly to the diaco'ntry 
of more new fields with lnrr;er gaa production in Texas than in Oklahoma. 

Production of rasoline and other associated liquid hydrocarbons 
from natural gas nleo increased steadily in Texas .over the 10-ye~~ period 
1934-1943, but in Oklahona a peak wns reached in 1937, nnd there has been 
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· a me.i'ked decline .since thnt time. Tho production t.igures in thoueanda 
ot gallons· tor the trro at~toa ere given belou. 

Oklahoma Texas 

1934 355 .. 438 466 .. 570 · 
1935 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 399,36_9 932,040 
1941 362.247 1 .. 180,.221 
1942 336,707 1 .. 2o7 .. 901 
1943 307 .. 384 1,192,526 

A list of the companies produci~ carbon blac~ in the Trinity 
River tri butar:• area is ~i ven in the foll017i~~ table. I.:oat of the plants 
are located in the Panhandle district of Texas: 

!!ame of Company 

Cabot Carbon Co. 
General Atlas Carbon Div. of 

General Properties Co., Inc. 
Charles Eneu Johnson & Co. 
United Carbon Co. 
Cabot Carbon Co. 

Carbon Blacks, Inc. 
Coltexo Cor?oration 
Columbian Carbon Co. 

Columb"ian-Phillips Co. 
Combined Carbon Co. 
Continental Carbon Co. 
Crescent Carbon Co. 
Crown Carbon Co. 
General A~las Carbon Div. of 

General Pro~erties .. Co., Inc. 
J. l~. Huber Cor,oration 
t:oore County Carbon Co. 
~1andle Carbon Co. 
Peerless Carbon Black Co. 
Texas ~lr Carbon Co. 
United Carbon Co. 

County 

Texas 

Texas 
Pontotoc 
Beckham 
Carson, Gray, 
and I:utchinson 

Gray 
Gray 
Carson. Gray. 

State 

Oklahoma 

II 

It 

II 

Texas 

" It 

" 
I!utohinson, Jloore 

l ~oore 
It 

Rutchinson II 

1:oore tt 

Hutchinson " 
ltoore II 

Gra, .. tt .. 
nutchinson II 

l!oore II 

~:utohinson " 
Gra,, " .. 
Gra~·.. Stephens It 

Hutchinson .. J.!oore It 

t~st of the carbon black produced from natur~l gas in the Trinity 
River tributary area comes from the Amarillo eas· 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 Panhamdle. The ~reduction 



or carbon black tram natrual gas in Oklahoma and Texas, 1934-1943, is 
shown in the following table. Fir,ures are in thousands or pounds. 

1934 
1935· 
1936 
1937 
1938 
1939 
1940 
1941 
1942 
1943 

10,238 2/ 
23,157 "!/ 
20,401 ""!/ 
20,258 4/ 
33,287 y 
24,318 
31,411 

Includes Oklahoma and r;~·oming production. 
Includes T~yoming production. 
Includes Hyoming: and Kansas production. 
Inel udes l~ansas production. 

Bi bl i o~raphy. 

Texas 

262,290 1/ 
287,847 y 
333,906 
421,068 

-417,104 
453,174 
479,895 
480,212 
434,809 
407,345 

1. Geoloe;;• of natural gas, a s:1]Tl:>osium: Al ;:eriean Association or Petro­
leum Geolor,ists, 1935. 

2. Oil and gas field development in the United Stetes: l~tional Oil 
Scouts a·:d Landrnen Association, Yearboo!:s 1934-1943. 

3. Oil and c,as fields of the United St9;tes (I:ap): U. s. Geological 
Survey, 1943. 

4. l:ineral location map of Texas: Bur. !::co. Geol. Univ. ot Texas, Publi· 
cation 4301, 19~5 (In press). 

5. I:inerals of Oklahoma (l!ap): Okle .• Geol. Survey, 1944. 

6. Petroleum development and technolo~y: American Institute of taning 
and I'etallurr,ical Engineers (P~troleum Division), 1944. 

7. vrarner, c. A., Texas oil and t:as since 1543: Gulf Publishing Co., 
1939. 

8. Diehl, J. c., natural eas handbook: lfetric Uetal V/orks • 1927. 

9. ~lements of the petroleum industry: American Institute of liining · 
and z.:etall urgical Engineers, 1940. 



' 

t&. 

PBTROLEWI 

T. A. Hedrick•• United Ste.tos Geoloe;ical Survey 

Petroleum i& an inflammable oily mixture of nature.l hydrooarbont 
In genert.l petroleum is eli vide~ into ti'TO types: those with r. hi&h ratio 
of hydro~en to carbon uhich c.re classed as he.ving a paraffin base, and 
·i;hose ui th a lower ratio of :1yclrot;en ·co c~rbon w~•ich are classed as hav­
i ;.1G an aap!1t.l tic base. 

Petroleum varies r;raatly in exact composi·tion from dark !1ecvy 
oils ui·~h fev! vole.tile coHsti"l:ue~rcs to green c~nd amber light oila consist· 
ing mainly of easily volatile consti·;.ue;;;ts • The density of petro~eum 
is ....,enere.lly e;:pressod c,s i .ts Denune or .. · •• p.I. (,re.vity. As petroleum 
occurs underbround it is almost L"1v2..rie.:.>ly r.ssocia·ced uith hydrocarbon 
gr:.ses. ··:.hen the petroleum is brou)tt ·i::;o the surface the baseous constit­
uents lec.ve the liquid end cr:.rry some of ·l:;he li 0 hter liquid conati tuenta 
with them. The liquid frac·cion ·i::;ha·i; can be recovered from ·the ~&.ses il 
generally called "casinbhee.d 0asoline"• 

Films or iron oxide e.nd o·ther inorganic material& on v~r.ter e.re 
often confused \"lith petroleum, put are er.sily C.istin~uishable because 
they are insoluble i.n chlorofonn, carbon tetrachloride and o·cher standard 
solvents for or~anic compounds. 

Petroleum is usecl principally as a ra·:1 material for the pro­
duction of t,asoline, !:erose·1e, diesol oil, lubricating oil, fuel oil, 
asphalt, c.nd ort;n;:ii~ cbEb-niC<.ls for mec!icnl use, use in pain'.;s t.nd v~.r­

nisllos, EUld in ~ _synthetic rubber. J~sphe.l tic crude oils ~enerally 
yielcl ~asoline with a hi;)1 octcme rr.tin.:; e.nd low volatility on distilla­
tion, -..;ith the reverse being ·i;rue of gasolines from po.rcfii.nic crude oils. 
Refinery practice can, hovrever, ;Je c.djustcd to control the nature of the 
ge.soline from most crude oi ls. Highly !_)are.fi.inic oils yidld kerosene of 
hit:.h quality 1 wheree.s the reverce is true of J..:erosene fractions from 
asphaltic crude oils. i)i os el oil fre.ctions from the more pe.raffinic 
crude oile t as they becoJae hit,her iu boiling ran.;e, are ua~<:-conte.inb;;, 
so that '.;heir inclusion into diesel oil is limi·ced bece.use they reduce 
·i;~1e ·i;ende:r.cy of 'c!1e oil to flovr. Paraf'i i llic crude oils benerally yield 
.;,ood lubricating oils but t;enerally require de>.raxins or solvent extractior. 
to remove napthenic fr ~.ctions. Improver.1ents in process in;_, htwe g,reeo.tly 
increased the re.ni;;e of crude oUs suHto.ble for the production of hi&h 
quality lubrice.n·i;s. Fluidity is ·i;;he most ess entie.l quality of fuel oil, 
which i.s e. residue or mix·;;ure of rssidues from distilla'cion or cr<.'.cking 
or" crude oil. The stre,igh·t rtln residues of asphe.l'cic crudes e.re generall~ 
more fluid than those of pnrr.ff i>l ic crudes. J.sphalt 1 as vrould be expectec 
is produced from the crude oils \dth nn asphalt base. 

Petroleum is produced almost st·cirely from wderground reser­
voirs by drilling. ·;.hen oil-bearing stra.te. ere penetrr.ted by a drill 
hole t:te oil flovrs to the surfo.ce if it is under considerable pressure 
underground or requires pm,~inG if the pressure ·is low. l~ter a field 
has been in · production for some time the pressure benerally declines and 



wella that flowed originally may roquire pumpin&• ift\c an oil field 
nears its final production much oil il atlll underground. Repreaauring 
of oil fields by pumpin~ excess ~as or water baok underground serves 
to Jilllintain preuure end to increase the total recovery of oil from the 
field. Some petroleum is produced from oil•aaturated rocks and from oil 
sh~le, particularly in Europe where domestic supplies of liquid petroleum 
are small. 

Petroleum is refined after it is brought to the surface. Dia­
tillatian constitutes the pl."incipal part of refining, md the principal 
equipment is & "pipe still" or "tubular still"• These are stills in 
vmich the heating of the oil is done in tubes inate~d of tanks. The 
tubes are arran()ed in a furnace in a manner to provide maximum efficiency 
of heatinG and heat transfer betueen crude oil bein& heated . end distilla• 
tion products bein& cooled and also to provide proper ratio of rise in 
temperature. The principles are the same for (1) a_imple distillation, 
usually called "skimming" or "topping"; (2) vacuum distillation at sub­
normal distillinG te eratures to e.void de.ma~in& the diatilh.tes, as for 
lubricating oils; and (3) distillation under hibh temperatures an~ pres· 
sures to accomplish des'\iructive distillation or "cracking" in the me.kin& 
of ~asoline from heavier by-products of crude oil. Catalysts, substances 
that promote and accelerate chemical rec.otions between other substances 
vri thout bein~ affected themselves, are used extensively in refining 
processes. This is particularly true in hydrogenation and polymerization. 
Hyclro~enation is a combination of cracking vd th the introduction of 
hydro;en to be added to the compounds produced. Polymerization is a 
process combinin~ molecules of one or more compounds to produce e. cam­
pound th~t is more desired. In ~;;eneral it is used to produce liquids 
from simple hydrocarbon gases. Excess of sulfur in crude oil is trouble· 
some e.nd requires special technique in the refining process. r;axes are 
also removed in the ~repnre:cion of lubricating oils by one of several 
methods such as: (l) passing ·che oil through filter presses, (2) chill• 
ing a solution of the oil in naphtha to 20° to 400 F. belon the desired 
conbealin~ temperature of the finished oil end separatinG the wax in high 
speed centrifu~eSJ (3) processes similar to solution in naphtha but using 
other solvents. 

Petroleum and petroleum products. are transported by three ben~ 
eral methods: pipS.lnes, t<:~nk ears and tnnkers or tank ships • In 19411 

t l.ere were in service in the United S ta tea more than 12 51 000 mi 1 es of 
petroleum pipe lines; over 2,000 tank ships i-dth a uross tonne.6e of more 
than 3-} million tons e.nd c. ec,rgo cc.paei ty of more than 42 million barrels; 
more than 165,000 railroad tank cars; and a sufficient number of tank 
trucks to transport more tlmn half as much petroleum as the pipe lines, 
with trensportation computed on a ·ton-miile basis. · .artime condi tiona 
have nat•Jrally chan~;jed the condi tiona of petroleum trr.nsportaJ . on materi· 
ally and further chan"'es cen be expected in the post-war period. ,imere 
the 6eo~r&phy permits, transportation by tank ships is generally the 
lowoat cost methode 

There are numorous petroleum refineries in the Trinity tribu­
tary area and the Trinity clrainabe basin, as most petroleum is refined 
comparatively close to the places of production and the refined products 
shipped. Somo crude oil is, however, transported outsida the area for 
refining. The rtifineries in_ this re6ion ran~e from simple oastnghead 



Gasoline plants to complete rofinerioJ cnp~ble of preparing Qny type of 
petroleum products • In adcli tion there o.re innumerable \molear.le and 
retail distribution ~boncios for petroleum products. In all phases of 
th ~ petroleum industry, includin~ production, refininb, transportation, 
Emd distribution, thor·e nrc opportunities for fto\·r business oovelopments 
ui. th capi to.l requirements ru1:_;ins from e fo\·r thouse.nd dollars to several 
million dollars • 

Geo zraphicnlly 1 petroleum occurs in c.lraost nll parts of ·ch~ 
Trini. ty Rivor bc.sin and tributr.ry aror. except extreme oesJ11orn Oklllhoma 
(fig. 4). Goolowically, it occurs under n vdcle ranbe of conditions. It 
is produced from tocl::s of' all ngos from Cc.mbricn to Tertic.ry oxcapt 
Triassic and Jurassic end from avory lmovm type of structur~.l or strati· 
:.:.r~phic trap o.~copt upturned ilods ad j~cont to igneous intrusions. Uow­
ovor, it should be poin·i;oci out thc.t, in spi to of th e;; ••ide googrc.p~ic c.nd 
geologic rcn:.:, o in the occurrence of petroleum in this ro&ion 1 many o.roas 
thc.t e.ro structurally f ~.vorc.blc hc.vo boon drilled ond have fo.ilod to 
yoild potroloum from rocl:s t h:.t ere productive in other a.roc.s. Tho 
set.rch for neH oil fields in this recion is conducted continuously by 
many oil companies with le.rr;e stc.fi' s of technical personnel, and althougl\ 
a number of ne,_; fields or e;ctensions of old fields c.re discovered each 
year, many ot!1er apparently i' EI.vorc.ble arec.s are drilled without success. 
·:~ells are be:i~ g; .drilled to incre; .. sin~ly ~rer.ter depths and the effort 
and cost required to discover r.nd develop new fields is increo.sing. 

'llle {!is t ribution of the principal oil fields of "Ci1e Trinity 
tributary area, the Trini·i:y :aasin, and the areE>. subject to periodic 
flood are shom on fig. 4. In c.:,eneral, it may be stated that compara· 
tively f ew fields are s i tuated in . ~he upper part of the Trinity basin, 
a considerable nw:tber e.re si t ue.ted in the lower pe.rt of the basin, most 
of uhich lie uithin arer.s subject to 'periodic flood, and that the tribu .. 
te.ry aree. is one of the richest petroleum regions of the ''.orld. 

Proved reserves of petroleum in the Trinity River tributary 
are~ were esti~ted on January 11 1945, to bd 51 6181 5191 000 barrels. Of 
this, ne~rly half is conce:..1·;;re.t ad in the :.!.:c.st Texas oil field. Oklahoma 
accoun·t;s f or someYihat over one billion bt~.rrels and the remainder is 
scat·i; -ercd over e lar~;;e aree. of Texas. The reserves of tho Trinity tri• 
butary e.reo. cons·i;i tute 27 percent of the proved reserves of ·che entire 
United States. The discovery of ne''' fields, the extensicn of knom 
fields, t ~1o discovery of neu producin~ horizons in lmo,·.n fields, and 
t he up1.·:r.rd revision of previous estimates of reserves combine to add 
substantial c.unntities of petroleum to the proved reserves annually, but 
in recent years ·:;here has been e. marked decline in the ratio of new 
reserves to annual production. The proved reserves of the state of Texas 
have increesod et an avera~e rate of 1G01 000,000 barrels per year from 
1941 to 1945 but over t he samo period Oklahoma's proved reserves have 
declined_ slightly. The time he.s api;)arently passed ,.rl1en the discovery of 
ne".-; sources of oil in the Trini -ty Ri vor cr eo. can be counted on to far 
e"ceed the depletion of t he lno1·.n supply. 

Lost of the m£\jor oil companies of tho t.hi ted States and num· 
erous smaller ones are iucluded in the list of producers from the Trinity 
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River area. Annual production figures for Okl~1oma and for the part ot 
Texas included in the Trinity Riv6r tributary area are t;iVEil in ~he tabl~ 
bolovr. i.ll of Oklahoma•a production lies vtithin tha Trinity tributa17 
area except a relatively insitpifioaut amount in Nowata, Rogora 1 and 

-;:~·nshin{:;ton Counties in the northee.storn corner of the state. In 1944 
thia . totalled only 3.6 percent of Oklahoma's production• Tho production 
of oil from tho Trinity tributary aroa in 1944 was 17 percent of the 
production for the entiro United St~tea. 

J~1ual Production of Petroleum in Okl~;oma and in tho part of Texaa 
tribut~ry to the Trinity River in thousands of bar1·els, 1934-1943 

Yoar 

1934 
1935 
1936 
1937 
1538 
1939 
1940 
1941 
1942 
1943 

Oklahoma 

178,652 
102,597 
200,88,1 
223,107 
169,307 
152,~00 

149,629 
153,167 
137,792 
120,559 

Biblio~raphy 

Trinity tributary 
area of Texas 

263,040 
261,265 
258,862 
293,109 
262,000 
256,488 
258~492 
250,631 
247,347 
272,571 

1. Potroloum facts o.nd fi~::;uros: .i.meriocn Petroleum Institute, 1941. 

2. Elononts of the Petroleum Industry: i~orican Institut3 of Mining 
r.nd ~let&.llurt;ical M[:;inecrs 1 1940. 

3. Oil end gas fields of the Unit Jd States (map): United States 
Geolo~ic~l S~rvey, 1943. 

4a Lineral location maf> of Texas: Bur. l!:co. Geol. Univ. of Tex.; 
Publication 4301, 1945 (in pross). 

5. Uinorals of Oklahoma (map): Oklahoma Goolot;;ical Survey, 1944. 

6. Llinerals Yearbooks, l9S4-43: Unitod Sto.tvs Departm(;llt of the Intorior 
Buroau of ~ines. 

7. Structure of typical ,·.mericc.n oil fields: i.merican .i-.ssooiation of 
Petroleum uoolo~ists, 1929. 

a. Strc.tit;ro.phic type of oil fiolds: J.moricen ;~ssociation of Potrole~ 
Geolv~ists, 1941 • 

9. Oil c.nd [;t.S .!'iol<! dovelopmont in the United Statos: !lational Oil 
Scouts r.nd Lfl.ndmcn Lssocic.tion, Yearbooks 1934-43. 
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10. Potroleum llovolopmont end 'rochnology, i.morican Institute of liining 
end ~otallurgic&l Enginours (Potrolewm Division), 1944. 

11. ·;:arnur, c. ; .•• Texas oil m1d r;a1 since 1543: Gulf Publishing Co., 
1939. 

12. Hagar. Dorsoy1 P~~9tical oil goology: llcGraw-Hill Book Co •• 1938. 

13. Var ·~ .1abo 1 '7• i •• , Oil fiolds in tho Unitod Statos: llcGrGw-11111 
Book Co., 1930. 
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~. n. Ston&il c~ ~. c. Fount~in, UD1Torsit1 of Tex~~ luran~ ot 
I::oonocio Gc.olOQ' ~ftd A. L. Jcnkc :-.nC. A. E. Vloiasonb~rn. Unitocl 
Stntoe Goolosio~l ~urvoy. 

J~r&·· Jl!t.!lut':.eturin .. .,race•••• are ~t".sed on t !H• usc ei' ~br~.1i Toa iJ1 
cuttin~. ~~~in~, grindinr,; ~ p~liehi~. nonco m~y di~rao nbr~•i~a, 
a~o ~turnl nDd eomo ~rtiticinl, nrc in usc today. ~rto nntural 
nbrt.siYcs rt~.nr;o from dir.mond, tho hardest, clown to such soft and ml• 
~t~ri~ls na ohe.lk, "which is uaod for noliahins. 

l!11tural nbrnai vos c.ro bu:"rn to occur in tho Trinit~· Rivor 
tribut~r~, ~ro~, but thoir yerioty 11 emnll :--nd they comprise mostly 
chonp Jftl'.to~ie.le obtninnblo in 1 -:-rt;c ~ur-.nti tioa :-.nd ·!lot rostrictocl in 
thoir r;coc;r~.~hic distribt1;ion. Grinclir.t ~obbloa,. clir.tomito,.. ar.qi ~nd 
a~nastono, volc ... nio nah, "nd ,ulvt.rulont liDOsto:lo l'nd ch!'.lk,milletono 
nnd noTneulito occur in the nroa. 

Grindint; Pebbles 

Grindint: pcbbloe r-.ro pobbloa of h:-.rd silicooua mntori!~.l, 
uau~llJ flint or chort. Flint or chart is silio~ (Si02) with minor· 
impuritioe, tho s111c~ boins in thv r~ of the r.dnornl ch~locodo~. 
Chnlcodony 11 mC'.do \!!) of nicroscopic !'.nd closely ?Mkod fibor1 thAt 
build up the flint root. This microscopic structure is roaponaiblo 
for tho t our;hnoss of tho flint nnd ~1Tcs it ita atronGth ~nd cohoroncc • 
. :.lthour)l t~ minor~l qu~rtz h~.a thv sr.mc composition (&i02) r.Dd bnrdncll 
(MOha lc~lo, 7) ce chr.loodony it lact. tho ~croscopio~lly fibrous 
structure of ch!'.loodoey.· Tborotoro, qu.':'.rtz -cbbloa do not hcvc the snmo 
toughnoss ~nd coherence ~• flint pebbles. Boc~uac silicn is n oho~ . 
icnlly inert subatr.nco flint ~.kcs dosirnblo r,rindinc ~bbloa, sinco in 
tho r.rindin~ ,roooss the pobbloa do not contnmtnnto tho ~~tcr1nl boins 
sround. 

Grind!~ pebbles ~ro used in porcelain or flint-linocl mills 
for tho crinding of ainornl substnncos. ~tccl bnlls ~r~ used ~lao nnd 
hnvo rcpl~cod tho once widely used flint pobblos in mnny ordinAry 
poinding oporr-.tions. I!owevcr, stcol bnlla ndd ~'l1:'?rociablo qu..'\nti tioe 
of iron to tho g~~Dund mincrnl. IIenco thoy c ... n bo used only whoro iron 
cont~i~n~ion is not objoctionnblc, for instcncc, in ~rindinc orcs r.Dcl 
portlnnd cement a~torinls. Flint ~cbblcs r.ro uaod in ~rcferonoo te steol 
bnlll where iron oont~nation is obj~etion~blc, for inatnnco, in tho. 
p-indi~ of ccrnmc m.'\toril".l& uaod in tho m,.'\king of !'Orcolnin, chiM, n~ 
pottery. In 1941 ~nd 1943 inclusivo, n yonrly nvorago of 13,?56 short 
tona of UindiftC ,obblos, dcmostic or importod1 WCI used in tho Unitod 
Str.toa, tho ~~rago Taluo of this tonnftco ~.s 0218,913• 

In ::?Qt\cotimo m.."'.Jl;r flint !'Obbloa aro imported from DomDnrk nD1 
Frnuco. lD thole countrioa the U~pcr CrotQeooua ch~lk form. hi~ ollf&& 
AlOJSg the son, whore tho oroaivo notion of tho surf bro:-.kll down tho oh4U: 
ro~k nnd .frovs the onoloaod flint concrotiona. Wn•o r.otion rolls ·t~ 
f'll$ &}!Ovt# cJ.&-n!1iQg ~~~S 2t~ ~""ill~ ~ 1'twr 4'loe&tt ~ 
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?8bbles are picked up by hand on ·~ he beach·, Hence no machinery is neeclecJ 
and transporte.tion to coastal shi!lring points is very short, Eaeentially, 
wave action does the minine; and "roces.sinr; of the pebbles, . ; 

. In Texas, wartime dem~nda hQve. resulted in the development ot · 
local flint pebble resources which a~e found in stream ~avel deposita, . 
~oat of these deoosits are ancient and the flints have a weathered aurtao' 
skin. Such flint pebbles if used directly without proceasint would wear~ 
ra~idly at first until the weathered aurfaoe akin is rubbed otf. To · 
produoo r.illed flint ~bblea, that is, ~ebblea without aott surface akin, 
one ,roceaaing plant tumbles the ravr material Yret in a conical tl1n'­
lined "ebble mill until the pebbles are ·clean and rounded, Thia milliag; 
removes the soft surface akin nnd aorta out weak ~ebbles or those that · 
crack under impact. Tbe pebbles pass over a sorting belt where brokeD 
pebbles and foreign material are removed by hand. Raw ~ebbles are 
obtained from larce stock 'ilea of material screened to size. Another 
plant processe~ the pebbles dry in a ~ranite.lined cylinder mill wbich 
holds a charbe of 5 tons. A collector is used to draw off dust. and fine 
fraGffionts, After a run of 3t hours the ~obbles p~as over a scroon de· · 
signed to remove flat ,ebblos and are then hand-sorted on a movini belt. 
Tho raw material is obtained from ovorsito material stook-piled fro.m · 
local rrnvel O"'>erntions by hand-picidn~ on a bolt. 

It will be noted tJ •at those doJ:lOstic operations require con· 
sidorable processir.r by machines. Therefore, they are more expensive 
than the sirn~le European gatherinc methods and f.o.b. prices of domestic 
pebbles are hi r:her the.n for foreign pebbles. l!ovrever, locally produced 
,ebbles do not have to be shi~~ed by rnil from the coast to local inland 
users. 

Occurrence of Grindine ~~s in tho Trinity River tributnry .~r:!-

Grinding ~ebblos · occur in the gravel deposits of the major 
stream valleys. Sot".e of the e:rnvel de~osits are ancient river terraces 
flanking tho stream channel at vnrious elevations above the flood plain, 
Others are eravel bars in the stream channel, The eravel de,osits in 
the stream channels are usually com-,osed of' a mixture of all the types 
of resistant rocks crossed by the streams and e.re not purely flint 
grnvels. In such deposits material found a short distance u,stream pre­
dominates over thut derived from ~renter distances. In the older terrace 
weathering has been in ,rouess for some time nnJ rock types subject to 
weatherine havo been rradunlly eliminated, lenving the more weather­
resistant ~·~es so~errh~t concentrated. In such terrace gravels flint 
prodominatos. ~1e size or the cravol doeronsos downstream in all deposit 
h~nee, only the deposits in the u~per roaches of the streams hnvo a 
gravel size l~ree enough for use ns erindin~ pebbl~s. Gravel de~osits of 
the Trinity River tributary nrea a.re described in tho cha.pter on sand Bnd 
gravel • 

. Reserves 

Due to the number or gravel deposits in the Trinity River 
tributary area the reserves of pebbles of possible use as r,rinding 



pebbloa o.ro vory largo. nowovor, in mney cn8o8 aoloction or auitnblo 
Jnf'.tori~l mr.y be b.::aot YTith dU'ricultioa on nccount of tho admixture ot 
aortor mntorinl in the gra~l. 

rToduct1on 

Thcro is no ilroduction of rrindinr: pobbloa intho Trinity 
tribJ,ltary aroo.. Toxr.s ?roducoDa A..ro located in Sc.n ~".ntonio, Austin, 
and Col~bua, Toxo.a. 

Gri~ly pobblol , produced in tho . United St~toa 

Ycc.r Short tons Vnluo 

1941 13,561 
,, 

221.826 o.; 

1942 15,~:C7 245.794 
1913 9,924 157.770 
1944 6,012 172.410 

Dintomito 

Dintomito, r.lso kn.ov.n r.s di::-.tomc.ccous cnrth, infusorir.1 .. 
o~rth, nnd kicsclr:uhr, is n 1ir,ht, cnrth~•, scdimonto.ry rock composed ot 
th~ ~iorosoo~ic sko1otone of ncq~~tic o.~gno, tho so-cn11od dintome. · 
'l'hosc microscopic s!:-Dlvtons :-. rc highly ornr.mont od fro.gilo, hollow, 
box-liko, ~-nd composed of silicc-. (Si02). Uo less tha.~ {0,0001 000 
skulotons of di:-.toms c..rc ncccssnr~· to form ono cubic ino~ of dietomito. 
Di~.tomi to is hi{':hly porous ,...nd r.bsorbcnt rmd is· o. very lirltt woi~ht 
(15 to 40 1bs. ~cr cubic foot) scdimcnt:"ry rock, usu~lly whitish in 
color. It is n ehomic~lly inort rnd ho.s fineness ~1nd uniformity or 
gr~in size. It cnn bo identified under tho microscope by the chc.rnc­
toristic nlr,nl skcl~ tons. 

Dintomitc h:-.s .n v .. ry rro:-.t nllT.lbcr of usos, most of which r.ro 
nonnbrnsi~~ro. .Tho :?rinc ipr.l nonc.brnsi vc uses c.rc ns filler in s~mthotic 
?lnatios, rubber oon~otmds, in insulnting ~.tcrinls, in filterinG, 
in lijlt ,-;;.; isht concreto r. r.~rcgntcs, :..nd r.s chicken litter. l'hc uso 
of dintomitv in s7Rthotie pl~stics is compnrntivoly naw ~nd n~ponrs · 
to be incrc~sin~. Tho rn.::.t ... ri~l mi:r...:s rc~dily ,.,i th plc-.stic compos• 
itions, ~nd the ndxturo c~n be molded s~tisfnctorily. Its high rctis­
tnncc to hp~t~ 1 cp~~o~l inortnoss, low moisture nbsorption, excellent 
..:.lcctri~¥0!>\;rft!blf'~.nd surf~co finish ohnrnctoristics nr.ko · it suit­
~:~.blo ns !'. filler for mr.ny products, includint, bt'.ttory boxos, olcct­
ricn1 p~.rts, ~nd phonot,ra.ph r.:.cords., which rc.quiro t'. durable surra.co 
finish. Inaula.tL.'lg m~.tcrir.ls coLlposvd in pnrt of dintomito c.ro used 
for ho·:t nnd sound insul~tion. Filters cont:-.ining · dio.tomito nrc uaod 
in ?npor pulp ~nufc.cturo, for cyr.nido prcoipitr.te, C'.nd othor pro­
cossos. Di~tomito is used to minor· oxtont :-.s c. mild nbra.sivo in motnl, 
tla.ss, furniture., cnnmcl, ~nd oth~ r polish~s, in scouring :".nd clonna­
ing sonps, in dentifrices, rnd in nnil polishing ~owdors. Approxi~ 
mntol~,. ono-hnlf of th•; dintomite production is used for filtrr.tion, 
onc-qur.rtcr for insul~tion. ~nd one-sixth for fillers, ~nd tho ro­
~~indor for other uaos including nbrnsivos. 



Diatomite prioea ,er ton in 1943 were (on r.o.b. mill, Nevada, 
basis): crude in bulk, dried ~7.00 no~inal: 90 to 100 mesh, 120.001 
10\'• tem..,erature insul,tion, 019.00J high temnernture insulation, 130.00: 
dit.tomite for fine abrasives was quoted et 2 cents ~r ~ound. 

£:.c_?rrence_.2.~<!.~_a_t_o;o:i.t~. __ 1!1_ the Tr..i_n_i~;: :a}.!!~...!.r~~!:Z ~~.":. 

'Diatomite occurs ln several widely se.,arated localities in the 
l:ir.h ?lains in J.rntstronr, Crosb:t, Dickens, am I:artloy Counties, Texas. 

In Armstronr: County de-,osi ts are knovm in Uul1,erry Canyon, 
7.4 ~les southwest of Goodnight. The de?csits extend tcr at least 2 
miles, are fror.l less than 2 to 7 fe.,t thicl:, and averar;.e about 4 teet-;, 
The diatomite lUrs between or bel ow sort sands and fresh-wat t• lime~ 
stones. 

In Crosby County de'}osits occur in two horizons about 25 and 
42 feet above the base of the Blanco beds, 10 miles north of Crosbyton. 
The dio.tomite beds are u;> to 6 feet thi.ok nnd lenticular. Overburden 
is· ur> tl) 20 feet thick fer the U'"'~per bed and up to 40 feet for the loWel' 
bed. Associated beds consi~t of calc~reous sands and clays. 

In Dickens County diatomite, in tv1o beds. occurs about 4 miles 
north of old Dockum. The beds ere reported to be 3 to 4 feet thick and 
the overburden 6 to 12 feet res~ectively. 

In Hartley County diC~tomi te is found ~{· r.dles southeast of 
Ch~nninr. The diatomite is 3 to 3.8 feet thick ~nd has et least 1~ 
feet overburden. It contains about 20 percent Cao. 

No diatonite de.,osits of im~ortance are kncvm in Oklahoma. 

nes~rves of diatomite 

Detailed estimntes of ;the reserves e. vai lable in the Eir.h !"lains 
nre not r:h•en by ~vans (7). iioVTever, it is a:>.,nrent the..t only· sr.1ell 
quantities are recoverable from the de.,osits so far discovered. 

Production 

Diatomite i~ not being ~roduced in Texas. 

Diatomite ~reduction in the United States ---------------------.;..;;....-. __ ....;..;;.;. 
Period Short tons · Value 
1933-35 24-4;342 $ 3.618,428 
1936-3C 279,645 4,377,353 
1939-41 360.502 5,746,216 
1942-44 52~,872 9,094,534 
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AbtQat~ ~aDd and Sendstone 

Sand and sandstone used for abrasives are composed or nearly 
pure quartz sand, and their abrasive qualities are derived from the · 
mineral quart&. This mineral is hard (~ohs scale, T), fractures . irreg- _ 
ularly with a nearly conchoidal or uneven S?1ntery fracture ~reducing 
shar? edr,ea and ~oints, nnd is ~on~oaed of silica (Si02), which ia che~ 
ieally inert. 

Sand and sandstone are used in two forms far abrasive pur~oaesi 
as crushed sand and sandstone and as uncruahed sand. The latter is used 
e:xtensi vel~.' in saWing ~:~.m rubbine of such bu.ildin~ stones as ~ronlte, 
limestone, marble, slate, and soapstone, in removine 1mrface irrec;ular- ·. 
i ties in crude-rolled :late r:lnss before r rindinc, and for s-.nd blasting~ 
The demand for this t~·:?e of c.rinding or -,olis~inr. sand de~ends l ·arr;ely : 
on activity in the dimension-stone and plate-glass industries. Thus in : 
1929, 1,636.464 short tons were used in the United States; in 193~ only . 
419,691 tons, in 1935,816,540 short tons• in 1936,only 502,326 short to~, 
in 1941 1,001,814, and in 1943 only 837,662 short tons. The average 
value in 1943 T.·as ~1. 71 per sl~ort ton. This value compares as follows 
with evera~e values of sand used in other industries: glass, $1.86a · 
molding, 01.36; buildin~ eo.so; paving, ~0.61; fire or furnace, 11.37; 
engine, ~0.69; filter, tl.63; and railroad ballast, so.31. 

Occurrence of abrasive sand _end san_d_!l~!'~ in the_.!:._ini.El., _ ~..!_ ~.!.....!_ri butary 
nrea 

The mai~ occurrences of s~n~ and· sandstone in the Trinity River 
tributary area have been taken up in other cha:>ters. 1-Iovrever, a ,ar­
ticular varlet~, known as "rice aand" has received some development and 
may have future ~ossibili~es. Rice sand de~osits are coarse-grained 
quartz sands occurring in lenticular bodies near the base or the Catahoula 
formation. Several of the::.e de~osits ?rere clescri bed Pnd studied by 
Shafer (20). Amon~ them ere the following: 

(1) Chita Ge~osit, 12 miles south of Groveton, Trinity County 
(~) Chester dc~osit1 10 miles north of Cheater, Tyler County 
(S) IIarmon Creek deposit. 2 niles southnest of Riverside, 

Walker Count~r 
{1) Texas Silion Sand Company de:?osit, S r..iles east of Corri~an 

Polk County 

The last de;?osit has been worked -fer several ~r£ars and the 
product used as a water filter and as blast sand. The sarr:ls are also 
suited for mo1dinr, sands. 

There is no record of abrasive sand havinr been produced in 
Oklahoma in the last 10 years, although possibly saue of the river sand 
de~osi ts mirht be sui tnble for th.is purpose. 
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Reserves of abrasive.aand and sandstone 

Althoudh accurate figures for the reserves of such sand bodies · 
as the rice sands are not available, it seoms evid.ent from their geologic 
o~currenoc that the su~~ly is largo. 

Companies rroduoinu sand used as abrasive 

Texas Silica Sand Company, F-ouston, Texas. Pits in Polk 
County, Texas • 

Volcanic Ash 

Volcanic ash or ryumici te is a sedimentar~r rock derived from 
the ej<;cte.menta of volcano~s of the oxplosi ve t~•pe: The finer material, 
or ash, is often carried lon~ distances by the wind and falls tp earth 
in the form of microscopic r,lassy particles. These s~all fragments. 
or shards, are natural volcanic glass derived from the lavas by the 
bursting of the countless bubbles or vesicles formed by expanding gas 
during eruntion. l!enco oan~· fragments are very sharp and concavely 

_curved. The abrasive qualities of the ash aro due to the :ilape am 
hardness of the shards and the high ;Jorosi t~,r of the rock com;?o&od of 
them. It hns t>. ~ri tt~· feel and does not adhere to the fingers like 
clay. 

Volcanic ash is used in cleansing and scouring com,ounda, 
abrasive hand soaps, metal '"'~Olishcs, acoustic ~lro. ster, concrete r.tixturost 
absorbent or oiled road surfaces, insulatinG material~~· filter c~lls, 
~nd in fillers for paints, swoo~inc com~ounds, and fertilizers. 

Tho use d pt.unicite for l'.br usive ::'Ur?osos cx:>nnclcd 17 percent 
in 1943 in the Uni ted Ztnten as compared with 1942 nnd accounted for 
75 percent o~ total s ~lcs. Consum;?tion in the ~uil~ing industries 
drop!:'od dccisi vely nn\'. r-eflected the curtailment of !?rivnte construction 
due to war time restrictions. With the return of peace am the attendant 
cx~~ctcd increase in buildinr., this trend is a~t to bo revcrs0d as 
pumicite bc r.ins to pnrtici~e.te in tho novr dcman:l for lie;ht weight con-· 
crete n~grecate <~nd insul.e.tine; materiels. 

Ash deposits ncccssiblo to centers of population and industry 
throu~h choap transportation facilities should bear somo promise of 
profitable d~volopmcnt. 

Occurrcnacs of volcunic ash in the Trinity River tributary area - ------·------·-·--------·- ---.-...-.-
• 

Texas - t~ost of the known oc currcnccs of volcanic ash in the 
tri butar~r f-:rce. in T;;xc.s are confined to two geologic provinces: (1) tho 
Jackaon-CE\tahoule belt of outcrop of Tortiar'· ~ e:e in tho south~astcrn 
~art of the nrea; and (2) the continental Cenozoic in tho wostorn nnd 
northwestvrn ...,arts. 

• 



Some of tho known ash de,osits in the Cntnhouln bolt aro: 

(1) An 8-foot bed nt Ch~lk Bluff in northeastern rolk -County 
(2) lTo~r Corrir,nn in Polk County . 
(3) An 8-foot · bed just north of milepost 16 on the I. a: G. N.. 

re.ilroad, southern ~ririi ty Coun~ · · · . · 
(4) Exposures on ~jhito l~ock Creek onst of the town of Trinity, 

in Trini t:r County 
( 5) Dopos its in northern -~:alkor County 

Doubtless other con1crcinl do~osits of volcnnic ash may bo 
found in the Catnhoula strata in tha ~ron. In the a~ gonornl ~rca, 
but e. fcvr miles to tho west, bods of Jackson ~gc outcrop across Trinity 
and Polk counties. Those beds ~lso contain stratn of nsh, but thinnor, 
more indur~tod, ~nd lGss puro than th~ nsh bods of the Cntnhoula. 

In the continental Tortinry and Cenozoic rocks of the western 
!>r.rt of tho ~- ~·c::l oc curronccs have boon rc;')orted e s f ollovrs o.nd thoir 
r..gc ~ ven a s Pleistocene: 

(1) Sovon local i tics in r-. 20-mile vtic!c belt across Collings­
vrorth County (2.). Thickness fror:t 4 to 34 feet is recorded, with but 
littl.:. ovurburder:., rnd tll~ ~.sh is st~t~d to bo nearly ?UTOe 

(2) A seven-foot bed on the north side of Tulc Canyon nt tho 
Swisher-Briscoe Count~' line 

{3) An .:;xtonsivc l() .. foot bed don~ Duck Crook southo~st of 
Spur, in Dic~-..uns Count~· 

( 4) A 4-foot ~)od ::-.1 one: 3">rin~ Creek 4~ t .o 5 mil os so uthvrost 
of .J!_'ur, Dickens County 

(5) A 2- to 15-foot dc:osit over ~n ~ ru~ of 350 ~eros 1 mile 
fran .;:;kocn ste>.tion in Ly:m Count)• 

(G) A dc~osit lC f ··-:: t thick along Duck Crook in I~ont Count~' 

! . Pliocene d:: -,osi t of volcanic ash is described bv Ilecd a.nd 
LoJlgnockcr in :!cnphill County {16). It is located in socti~n 58, block 
A-2, south of th;.; Cc..n"'.clia.n Tiivcr in the northvrostorn part of tho county 
~nd co~sists of a 7-foot bed estim~toa to contnin 46,500 cubic ynrds of 
ash. 

Other r.sh do::osi ts nrc thour;ht to be !'rosont in the Pliocene 
b0ds of tho ~lnins r.rc · , · r"or th~ r.sh is "· normal c onsti tuont of those 
beds. 

· Oklahoma - Volc~mic rsh do"!'losits in tho tributarv nroc in 
Oklt.homr. r.rc-quit~ -cxtcnsiv.::. , but most : of tho lc..rgcr dc11osit; ~ro cona 
ccntrntod in the northTrcst, north-contrn.l ~nd co.st-contrc.l "~arts or the 
stnto. Deposits of ~ossiblc economic ~r~dc and sizo nrc knmvn in Blaine, 
Custer, Dowcy, Ellis, Garfi eld, Gar\'in,. Grnnt, Greer. I:r.rpor, Haskell, 
Hurl'tes, IIn~', !~ingfishcr, Okfuskoo, Rorl:r nlls, Wc.e:oncr, Washita, Wood~, 
nnd V/oodl'rnrd Counties. Lower Grado .:-.nd srao.ll cr d CJ?OSi ts nre found in 
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Cotton, Mcintosh, ~nd Kuskor.oc Counties. The ox~ct ngc at the ash' 
deposits has not been ~ot~rminod but thoy ~ppo~r to be Mlooono or yo~or. 

Product ion of volcn~ (".Sh in the Tri ni t,r_R...,i_.v..,o.-r_t..,r .... i-.b-.u-.t ... n.-r .. y_a..-r..,o_n 

Only smnll beginnings ha.vc boon ma.do in tho dovolopmont of tho 
volc~ic a.sh deposits in tho Tox~s ~rt of tho tributnry nron, and ~re­
duction str·tistica arc not cvo.ilo.blo. Ono nroducor, Kolly Products, 
Lubbock, Texas, operating deposits in Diokons o.nd SQurry Counties, ia 
oroditod with ~ total ~reduction in 1941·42 of 250 tons of unknown vnlue. 

Producers in tho Oklo.ho~~ pQrt of tho tributary nren in 1941 
include thv lluakogoo Silicn Compnny lnth n quarry nonr Tullahnssoe, the 
Tulsa Earth Products Company which nlso operates n qu::o.rry in the StUDO 

loc:!lity, r:-.nd tho Sol I!. l'/illiam Company 'llhiah operates a. qunrry noa.r 
Dustin. The Muskogo0 Siiion Compo.ny, ~roduco& nah ueod in toppiJ1i 
nsphalt pcv~mcnts, tho Tulsn Earth Products Compn~ ~reduces ash for uae 
in concreto ~dmixttar.o nnd tho Sol n. \'fillinma Company producea ash ueed 
in tho mnnufncturo of clonnsine mntorinls. 

Rosorves of voloo.nic nsh 

Tho reserves of volonnio ash in tho Toxns pnrt of the o.roo. a.re 
extensive, but no csti~tos of tho tota.l a.moUDt o.vailP-ble hav6 been mnde. 
Toto.l reserves in tho Oklahoma pnrt of the o.roa nre boliovod to bo in 
excess of 17,000,000 cubic !~rds. A number of individual deposits nro 
kncnm o ontninine; more th~n l,QOO,OOO cubic ~rnrds of volcanic nsh. 

Pulverulent Limestone and Chnlk 

Pulverulent limostono, tround 1.1mestono, l'.nd chelk o.ro used in 
minor qunntitios o.s ~olishing nr.terinls. Thoso rocks nro veriotios of 
limestone, Trhioh is e scdimont=-. r~· rook composed chiefly or tho s --ft 
(~ohs sonlo, 3) minornl co.lcite (o~co3 ). Freedom from t,rit is a requisite 
in these ~.terinls if thoy cr to be used for polishing. 

Tho qu~nti t ios used r.ro . srr.ll ~.nd the uses nro in !.)Ol ish in~ 
cutlery, surgicr.l instr'Ur&1Bi1ts, .nnd !)lntcd wnro, t1Dl in windcwr cleaning . 
compounds. A usc important for the rc5ion is ~• poliah~ngont for rico. 

Occurronco of pul vcrulent limestone r-.nd ch~.lk in tho Trinity River 
tri butnr" arco. - -

Pul vcrulont limostono is lmO\"tll to occur in tho Edwni"ds fo~· · 
ntion of Willir.mson ~m Boll Counties, Toxo.s, which are outei~o of tho 
tributo.ry .nrea. It i3 possible tha.t smnll doposits . ofthis t,ype occur 
nlso in tho Trinity River tributary o.ron in the Edrrards or Goodl~nd 
for~tiona. Do~osits of this rock c.rc ~ifficult to discover, boo~U.o 
the mcterinl is soft nnd is uaunlly covered by soil ~d vegetation. 

Ch,!llk doposi ts occur 1n tho Trinity Ri vor tributary area in tho 
outcrop belts of tho followin::: goologi.c formo.tiona: Austin, Ect~r, 



Gober, Pee~ Gn~, ~nd Coolod~e. those formntions are pnrt of tho Uppor 
Cretnooous and nrc widely distri~utcd through northc~etorn · Tcxna from 
tho Rod Rivor to Limestone ~nd Falla Counties in tho south. 

I~o testa of tm ir possible usc c.a poliahint ~.toric.la :-.nd no 
nttompt nt oxploit~tion h~vo l~cn BOdo so f~r. 

Uillstonos 

According to v. L. Eo.rdloy-t:iilmot (6) "tho torm 'millstono', 
which inciludcs tho true burrston<J r.-.m tho chna"r stone, is somowh~t 
loosely r.ppliod to include circulnr stones revolved on n horizontnl plnno 
ns woll ~~ those run on ed~o. They mc.y be ~do from any hc.rd nnd suit­
nblc rock vnryinr. from ~ s~ndstono, b~s~lt, grr~itc to c. qu~rt& co~ 
glomer~to •••• " 

Forty or fifty ~1\.)c.rs !\go the production of millstom s of 
various types W!'.s : n modorntcly iln!'ort~.nt industry, but millstones nro · 
used to only ~ minor axtcnt nt the ~resent timo. Rooks suitnblc for tho 
mnnutncturo of nillstonos !'.ro found in the Trinity tributnry nro~ in tho 
Ounchitr. !.:ountnin roe;ion in Oklnhomn. Rce;nrding those rocka Honess (11) 
stntos o.s follows: "There is no doubt wh~tcvcr, but thnt mc.n~r of tho 
fino ernincd quartzites ~d qu~rtzitic s~ndstonos of tho 3tnnloy (Ponn­
aylvnnic.n) ~nd Jackfork (Ponns:.rl~.nic.n) formtions-- l'lould rn.::-.ko oxcollont 
millstones ~.nd burrstonoa. So fnr ns known to tho· writer tbJ so fcr­
mation8 h!'.vo never bc~n conaidorod of ~y ~luc in this connection. 
The dollt'.:nd for l'lillstoncs is hot lnrgc, but it 11 p01Siblo thnt SOI!\OtUnO 
thoro mny be ~ wider field of np!'lic~tion of this typo of cbrnsivo nnd 
it well to cnll attention to this :>OSSi blo source of rc.vr mntori~l." 

Uov~culito 

Uovnculitc is ~.n . a :1h:-.nitic rrnnulosc. or cryptocryfl.to.llino 
rock oss~ntio.lly com~osod of qucrtz, sometimes contcining other forma of 
silica "'nd c;cnorr.lly contnining ncccss.-.ry foldspnr".nm gnrnot. 
l~ovnculito from the Ouc.c:hitn i.:Ountnins region of Ark~nsns Iitts hr..d con­
sidornble usc for the m::·.nufr.cturo of high quc-.lit!r whetstones ~.nd oil­
stones. 1;o~.culito, fron tho noit;hboring Our-.c11i tn Uountnins nrea. of 
Okl~hom~. is ro,ortod to be oqu~lly su it~ble for this .,1.1rposo, but ns fc.r 
ns c~n be doterminod tho Oklnhomn deposits hnvo novor boon ex~loitcd on 
n oomMoricr.l basis. 

Tho Oklahoma nov~. culito occurs chi~fly in contrnl l:cCurta.in 
County. Smnller exposures ,_ro knoYm in tho Pot~.to llills ~ro~ in south­
onstern Lr.timor nnd northern Pushmntr.hn Counties ~d no~r Atoka nnd 
Strin~own in Ato~. County. 
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BARITE 

' ' 

A. E. Weiaeenborn. ~ted Statea Geolo~ioal SurTey 

Earite. barium sulphate. (BaS04)• also known aa barytea, baryt~, 
or heavy spar. is a heavy (ap. ~· 4.3-4.6) br~ttle mineral with a 
pearly to vitreous luster and a hardness ran~in~ from 2.5 to 3.5. It 
crystallilea in the orthorhombic aystem and commonly is found in tabular 
cr=•stals. l'lhen ~ure, the color is white or gray,· but barite may be tint­
ed various shades of blue, pink or yellQW from UDpurities. Colorleas. 
trr.nsparent crystals are sometimes found. J,!ost of the barite mined iD.t 
the United Statea is obtained from residual deposits derived from tba 
weathering of bari~bearing rocks. Barite is also obtained from bedded 
re':'lacement deposits in sedimentary rocka, from breccia deposits. mostly 
in limestone! and dolomites, or from veins in Which barite is essentially 
the only mineral present. Darite is a common ~angue mineral in many 
metall1iero~ deposits, but in onl~, rare instances has it been ~reduced 
co~erc .ally from deposits or this ~·pe. 

According to the United States nureau of r1nea, of the total of 
434, 77'1 short tons of crude barite produced in the United States in 1943, 
225,154 short tons was used in th~ manufacture of ground barite (includ­
ing so~ crushed barite), 128,073 tons was manufactured into lithopone, 
and 81,547 tons was employed in the manufacture or barium chemicals. 

The greater part or the ground barite produced in this country 
in 1943 was used in the ;')6trolewn 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 oi l wells. For this use color and ex­
treme purit~, are not important I'rovided tm specific gravit~, is 4.2 or 
higher. An increase in the use of barite in oil well drilling can be 
expected duo to the ex~iration of the ~atent covering the process. 
Barito is also u1ed as a flux in ~lass making, because of its property 
of forminG a surtaee froth which ~rotocts the melt tram tho furnace gaaee 
and slows heat transfer. Darite ndded to the glass mix in small amounts 
imparts desirable properties to some grades of glass, especially moulJed 
forms. Coarsely crushed barite was formerly thought necessary for use 
in glass manufacturing but recent experiments have demonst~ated that 
r,round b&rltc can be used equally well. Ground barite is used as an 
inert filler in rubber, ~a,or. printer's ink, oilcloth, linoleum, phcne­
gra~h records and similar articles, as a paint pigment or paint extender. 
nnd to weight textiles and leather goods. All grades aro used, from an 
off-color product t white acid-bleached barite depending on haw the 
color will affect tho finished article. According to the I!inerals Year­
book. in 1943, 69 percent of the ground barite ~roduced in this eountr,y 
was used in drillinc muds, 12 ~reont was employed in tho glass industry. 
7 percent in the manufacture of paints, 4 ,ercent was used as a filler 
in rubber~ and 8 percent wont into various misoellanoous uses. 

One of the principal uses of barite is in tho manufacture ot 
·lithoponc nhich is cnployed mainly as a 11hitc paint pigment but which 
also finds considerable use as a filler. Lithopone is an intimate mix­
ture of barium sulphate and zinc sulphide obtained trom the co-precipita­
tion of the two constituents and contains approximately 70 percent BaS04 
and 30 percent ZnS. Lithopone paint pigments were used extensively 
during the war in place of titanium, lead and zinc oxide pigments, but 
these pigments will probably again replace lithopone to a considerable 
extent Tmen conditions beco&e normal. 
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Barium chemicals are used for a variety of purposes in industry. 
Blanco fixe (pr~cipitated barium sulphate) ia used in white paint and aa a 
filler for ~roducts which require a whiter and finer material than can be 
obtained from ~round barite. 

Barium chloride is used indirectly in the manufacture of chlo­
rine and sodium hydroxide, in coatinr.s for photogra~hic ~aper, for tinlsh­
inr, white leather, and as a flux in the fabrication of magnesium alloys. 
Barium hydroxide is employed in beet-sugar refining and in purifying 
ani~l and ve~etable oils. Barium nitrate imparts a green color to 
signal fl nree, bnrium oxide is useful in case-hardening steel, barium 
carbonate is also used for this same purpose,as well as for retarding 
efflorescence in bricks, and berium peroxide is used in making hydrogen 
peroxide. 

s , ecifications for barite var:p considerably according to the 
use. Common specifications call for 95 percent DaS04 and less than 1 per­
cent Fe203. For use in the ~lass trade barite · containin~ less than 0.1 
percent Fe203 nnd a minimum of 96 ~ercent BaS04 is demanded. Prices of 
crude barite were f~ozen in l~rch 1942. Ceilin~s for crude chemical-grade 
barit~ approved by the Office of Price Administration in April -1944 for 
Georgia and Alab~a producers ran~d from ~9.50 ~o $11.00 a ton. Prices 
for za ssouri producers for the same grade material were frozen at ~7 .00 
a ton f.o.b. rail points. According ~o the 1anerals Yearbook, in 1943 
the price of ground barite delivered to oil wells in the Houston, Texas 
area was ~23 to ~27 n short ton; ground, bleached barite was quoted at 
~25.35 a short ton in tho St. Louis area, and ground, unbleached barite 
at Cl7.50 a short ton f.o.b. producing plants. Because for many of ita· 
uses it competes with other low-priced miheral3 which can be used equally 
as well, barite has been, nnd is likely to remain, a low-priced commodity. 
Prices at the nroducinr, centers are r,overned largely by the coat of trans­
portation to markets. 

Occurre:1ce 

Barite is not knmrn to occur anywhere within the Trinity River 
dr i nage basin. It is found, however, at a number of localities within 
the Trinity River tributar~· nrea in both Texas and Oklahoma. In neithor 
state has there been an:• significant production, al thour;h a number of 
attempts have been made to mine barite. The total production of the 
entire stnte of Te:r.as rrobabl~r amo1.mts to less than 500 tons and Oklahoma 
has produced even l oss. Tho i :ilwhito Com!'Bny, Inc. ~reduced ~round 
barito at a plnnt at I!oustci,j,, Texas but the plant -::>rocesseo crude barite 
imported from o~tside the state . 

Thin irr~~ulnr veins or scatter od nodules of barite are found in 
sho.le beds of J.owor Permian a~e t hroughout central and southwestern O!cla­
homc._ cs!_)eeiall!• in I.:cClaine, Garvin. Comanche. TillJrl.an, 5tephens, Cotton 
and Kiowa Counties. A similar occurrence is reported from bods of about 

. the same age 22 miles southwest of Abi l ene, Taylor County, Texas. In 
Baylor County, Texas barite nodules have been reported in r~d shales of 
the Permain Bolle Plains formation i~ an escarpment east and northeast of 
Readham, and discontinuous barite veins and joint fillings are found in 
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Triassic ·ed shales on the Dora Roberts Ranch, 2 miles north or the Oti1 
Chalk oon~.unity, Howard County, Toxna. In general the barite content or 
tho shale ~ds is low and the deposits aro or no economic importance. 
However, in places ~athoring or the shale has resulted in a residual 
concentration or the rolntively h~nvy and resistant barite and 10~ or 

- those localities nro potontial producers of bnrite. or tho known occur­
rences, perhaps the most promising is 5 miles south of Cnche, Comanche 
County., Oklahoma whero several thousand tons or barite arc estimated to 
occur in two deposita on the floors or gullies in the Porminn shale on 
tho cast aide or VIost Cacho Crook. The dej_)osita arc within onay hauling 
distnnco of the railroad at Cache and the barite cL~ be roadil~· concen­
trated ~· screeninG and washing. · A somowhat similar residual concentra­
tion of bnrito on tho nonrly flnt floor of an erosional am~hithoater il 
found 9 niles cast of l~nitou, Ti~lman Count~, Oklahoma, but tho tonnage 
nvnilnblo is much smnll0r. At neither or tho abo~e two localities aro 
known reserves sufficient to justify the ostablis~nt of a barite plnnt, 
but tho ?OSBibilit~· that other similar deposits exist in the o.roa should 
not bo ignored. 

In the Arbuckle :~ountn5.ns of 01:lnhor.JO. barite is found in brown 
cln:· nnd limonite derived from the Tronthorinr; of tho Arbuckle dolomite or 
Cacbrinn nnd Lower Ordovician nbc, notably on tho Thompson Rnnoh 6 miles 
northeast of l::ill Creek, Johnson County and on the LoYrrnnce Ranch south 
of Sulphur, J.!urro.y County. On tho Thom!>son Rnnch tho barite is found in 
an open pit frarnwhich several hundred tons of iron oro wore extracted 
tt"!d is associated vii th SII"All nrnounts of pyrite. Tho occurrences nrc ot 
significance only in sur,gestinr, the -possibilit~· of other barite deposits 
in the rerrion. 

Barite, cementin~ sand grains in sandstones of the L~1er Permian 
Garber formation, occurs in the vicinity of Pauls Valley t~.nd Paoli in 
Garvin County, Oklahoma and has also been re~orted from Cleveland County, 
Oklahoma. ~~ wei~ht the barite comprises about one-third of the sandstone 
and, because of the difficulty of extraction and the limited extent of the 
barite se.ndstone, is of no present economic importance. 

Sand-barite "rosettes" or "barite roses" {rose-shaped crystal 
a~rrerates or barite) are numerous in the Lower Permian sandstones of 
cer..tral OklAhoma or in the gravels derived from them and are moat abun­
dant in the unper 100 feet of the Garber sandstone. Similar rosettes 
occur in the Clear Fork-~ichita formation in southwestern Oklahoma. 
Rosettes are ':'lrized b~r mineral collectors and are or scientific interest, 
but because they occur as isolated individuals scattered through the sand­
stone, and themselves contain much admixed sand, they cannot be recovered 
economically e:xce,t locall~· l'There weathering na~, have concentrated a few 
tons of bari ~-

There is a rapidly increasinL de~and for barite-weighted drill­
ing muds in oil TTell drillint,, e.nd as the Trinit~· River tributary area 
inclu:ies a great number of imporb.nt oil fields, if t'torkable deposits or 
barite vrere found in the tributary area, the~· would be in a favorable 
pos i tion to compete with barite shipped in from outside sources. 
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BUILDING STONE 

H. B. Stenzel and H. c. Fountain, Bureau of Econo~c Geolo«J, 
U1uveraity of Texas, an4 D. M. Kinney, United States Geological 
Survey. 

Abundant natural buildin! stones are round in the Trinity 
tributary area, east of the breaks of the High Plaiaa and north and west 
of the outcrop of the i\Ustin chalk. Toward the Gulf coast natural build­
ing stones become progressively aearcer. Scarcity of natural buildi~ 
stones also characterizas the High Plains in the west. 

~1ld1ng 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 ~ j · wood, and glauconite rock are 
present and are used tor building atone. 

Technically, granite is an igneoua rock composed principally ot 
g~artz and feldspar with minor at'lounts of dark accessory minerals. True 
granites may vary from very light gray to red, depeading upon the · amount 
ot dark ~nerals ~resent and th~ color of the feldspar. They may range 
from very fine-grained to coarse-grained or porphyritic. However, in the 
building and monument trade, the term t.ranite includes any igneous rook 
capable of being sha~ed into dimension stone or poliShed for use in 
mnuments. Gray granite may be a quartz monzonite, a ~-.,cJiorite, or a 
diorite, and black granite is a gabbro or basalt. 

In the building trade any limestone (calcite or Caco3) capable 
ot taking a gocd polish and of attractive color and texture, occurring in 
sufficiently thick bids and so free of fractures that it can be quarried 
in large blocks, is termed a commercial marbl~. The colo~ of marble may 
vary because of included i~purities from ~ite or light @tay to green, 
brown, or red. Interesting textures are produced by included fossils, 
~olites, or veins of calcite of contrasting colors. 

Sandstone is a sedimentary rock composed of sand ~rains cem.nted 
more or less firmly by a natural cementing material. Its grains are 
composed almost exclusive y of quartz (51~2). Pure quartz is colorless 
and transparent, but many quart~ grains ~e pink, white, gray, or black. 
Natural cementing materials of sandstone are limonite and hematite, 
calcito, clay particles, and quartz or chalcedony. ~cording to the 
cement, the sandstones are classified as ferruginous, calcureous,argil• 

· laccou4 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 defree the strength, res~ance to abrasion, 
resistance to weathering, porosity, and other physical properties ot the 
stone. 

Sil i cified wood is a term applied to foss i l logs in which silica 
(Si02) has replaced the wood without destroying its botanical cell 
structure. Silicified wood has approxim~tely the hardness and specific 
gravity or quartz. It occurs in various shades of brown, but in some 
cases bleaches to a wbitish~ay on prolonged exposure. 
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Glauconi te ·-rock is r: sedimentary rock composed chiefly ot grains 
ot the mine~al glauconite canented more or less firmly by such natural 
geologic cemen~iJ~& materials as c·elci te and clay, or lir.oni te and hematite . 
The mineral g~auc'i~ilite is a soft (Mohs scale, 2), medium•heny (epecitic 
gravity, 2.2 ·to 2-.85), dark green mineral with the cb.emical .composition 
ot a complez iron-aluminum-potassium silicate. Glauconite weathers 
l'leadU~ ~nd most ot the glauco1;1i te rock used as a building stone in the 
area is weathered to some extent ~ ~hen quarried. hence, its color varies 
trom dark £reen ot the tresh rock to olive-brown a Ill rusty brown or the 
weathered rock. The latter color is due to the presence .ot limonite .and 
hematite. Glauconite rock is sott, particularly so when freshly quarried, 
and easily cut by saws and other tools, but it is also low in strength and 
resistance to weathering. nue to the ease wlth which it is cut, glauconit< 
rock is used mainly as dimension stone. 

Color and s•!rface texture are import~·nt properties in several 
types or building stone., especially in ll'lonumental and orn81Tlental dimension 
stone and terrazzo chips. ClAar and brifht colors and interesting color 
patterns ar.t! desiruble qualities. Pure limestones ''nd sandstones are 
white, because of the minerals composing their prains, calcite and quartz 
respectively, are colorless and transparent. C.olors of limestones and 
&iomites are caused mostly by included minerals and impurities such as 
glauconite (P.reenish), marcasite or pyrite (bluisr.), limonite or hematite 
(yellowish, br~1nish, reddish), and Cf~bon compounds (brownish, grayish, 
black). Colors of sandstones are caused mostly by the natural cement 
boldine the sand grains· together. Ferruginous cement makes yellow, rust• 
brown, <:.nd red stone, while calcareous or siliceous cement makes \vhi te or 
gray stone. 

Surface texture refers to the ;_ p-pearance of the cut or rough­
trirruned surface of the d1MAn Rion stone and conai derabl y affects the 
interest c.nd esthetic appeal of the rock and structures buil .~ trom the 
rock. ~e building stones, such as granite, gabbro, and marble, take 
high polish and retain it. ~ilic : fied 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 
?uilding stones have characteristic forms of fracture on rough trimming. 
~is rough trim used chiefly on outside walls, gives the stone an 
architecturally interesting appearance. 

Shapes and sizes or coDJnercial buiiding stone are manifold. Two 
chief categories, dimension stone and crushed or broken stone, are 
recogniz~. Dimension stone is shaped into slabs, mill blocks, monumental 
stone, paving blocks, curbings, flagstones, cut-stone blocks, or rough­
trimmed blocks, and ·must contorm to more or less rigidly specified di­
mensions and shapes. ihe specified dimensions are obtained by sawing, 
cutting, or splitting with specially designed tools or machines. Pleasins 
color and surface texture Fnd ability to take polish are desirable quali- · 
ties of some dimension stone •. This type of stone is a substantial, 
dignified,andtl endurine buildinr material used chiefly and relatively 
costly or at l~ast permanent structures. Many, p~bllc.and bu~iness buildi~, 
such as -courthouses, post oftices, schools, ~nd banks, have exteriors and 
hallways of dimension stone. ln recent years rough-trimmed dimension 
atone has also been used in increasi~ quantitios tor substantial 
residences. 
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Crushed and broken stone! is or trresular shape and 'f&rJin& ·~ 
dimensions. Howe'fer, r.uoh crushed stone is sold with the screen size 
specified •. Great quantities or this trpe or stone are used in mod~n 
eonstruction as road metal, concrete aggregate, ra1Jroad ballaa~, riprap, 
aa'phal t filler for P·~'fements, terrazzo, and roofiD& granules. In con­
trast to dimension stone, pleasing color and surface text~e arP of no 
importance in this type or building stone, except tor use as teJ'razzo and ­
roofing granules. Terrazzo is a mixture or Jeene CPment and ro~k · chips, 
polished a~r pouring and setting. It is used as tlooJ1,ng in baildinss 
where hea'fY toot traffic would dam&~e a less durable material. Strength 
and resistance to weathering are important s.pecified properties of crushed 
and broken stone in nearly all of ita uses. 

t~ has used building .stones since peehistoric times. ~onumental 
ruins; for example, Stonehenge in England, the Raman. roads and aqueducts,, 
and the ryyramids of Egypt, attest to their use in ancient times. lriginal­
ly, large structures were b•ilt entirely of natural stone. Man~ade 
substitutes of natural stone have been invented 1:.\nd introduced trom 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 vl:idely as building materials in the framework of modern 
structures. In such buildinFs dimension stone is used ~erely as a facing 
and ornament, but crushed roc~ may be used extensively in the concrete. 
Many smaller buildings are made entirely of manufactured building materiale 
such as brick, hollow tile, and concrete. 'lbese trends toward the sub­
stitution of manufactured materials have resulted i·n a proportionate de­
cline in the use of natural building stones and particularly or dimension 
stone. Un the other hand, the demands of modern industry and transpor• 
tation systems have enormously increased the uses or crushed and broken 
stone. 

In 1939, a year not influenced by war demands, the United States 
producet 11,,463,510 tons of various building stories valued at ~135,703, 
819. or this tonnage only 2.0 ?ercent was dinension stone and the re­
mainder was crushed and broken stone 41stributed as follows: 82.5 percent, 
road metal and concrete aggregate; 6.0 ,ercent, 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 or stone so thin-bedded ~d flaggy 
that they can be removed without extensive blasting. ·The better grade ot 
stone,particularly dimension stone, requires hea'fY m'ohinery tor cutting 
B;lld hoisting. Cheap transportation ... particularly essential tor crushed 
and broken stone ~reduced in ereat quantities for a low unit price. Hence 
canalization ot the 7rinity ~1ver would extend ecoaoado shippiQB distances 
for stone that is used only locally at prese~t, and would open up territory 
containing possible new sources of buildinr, stone. !be great demand tor 
various building stones in the ir:dustrial cities or Dallas and Fort Worth 
on the north and Houston and Galveston on the south, would probably result 
in the opening or new deposits along the course of the river. ~uch un­
developed deposits are known to exist. 
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Silicified wood is round scattered over the surface of tbe. 
·ground, because it is resistant to weatheriqg and re~ns on the ~ouDd 
loqg after the enclosins beds have disintegrated. It is aathered looallJ 
Wbere concentration is ·sufficient to warrant collect1qg and st 1ppiqg. 

Oceurren~e or EUilding stone in the Trinity R1Ttr 1ributarr Area 

In the Trinity River ~ributary area, rock suitable for buildlD& 
stone occurs in geologic formations r anging in age from pre-cambrian to 
Tertiary. 'lhe pre-Camb.rian rocks are isneous rocks exposed in the \tlchi ta 
and ·At-buckle Mountains of sourtbern Oklahoma. Sandstone, limestone, and 

' dolomite are wide-s~ead in rocks or diverse a,es of the area, but the 
marble and glauconite rocks are limited to single formations. allicified 

wood, altbo~widespread in deposits of Cretaceous and Tertiary a,e, is ot 
minor importance as a building stone; glauconite likewise is or minor im­
portance. 'lbe occurrence or limestone, dolomite, and magnesir·n limestone 
are treated in other sections of the report. (See figs. 1 and 14) 

Granite 

lbe ~chita MOuntain district includes parts of Comanche, Kiowa, 
Greer, and Jackson ~ounties, Jklahoma. Igneous rocks ranging in com- · 
position from anorthosite gabbro ' to granite are exposed 1n a number ot 
areas. ~he granites are fine- t~ medium-F.rained; some porphyritic rocks 
are present. Varieties of erranite present are: flesh red, reddish-brown, 
and medium to dark gray. 1he anorthosite gabbro is a coarse-gr&ined, 
bluish-black heavy rock. Some ot the granite areas have widespread joint 
patterns, making possible the removal of l arge dimension stone; r ranites 
in other areas are so jointed that only small dimension stone or erushet 
stone can be produced. At present, granite quarries are operated at 
r.rani te, Greer County; and at Roosevelt, Cold SJrings, Mountain Park, and 
, nyder, K~owa County in the western part of the 'f1chi ta M:>untains. 

The ~buckle Mountain district include•· parts of Murray, Johnston 
and ·~ka Counties, south central Oklahoma. Two varieties of granite, 
phases of the same intr . sive body, ~:re recognized in the area. The 
T1shamoingo pranite is a coarse•grained gray [ ranite which ie brittle and 
does not polish well. It is suitable for struct~al work and large columns : 
but is not good for monuments. ibe Troy granite is a medium- to fine­
grained gray r- ranite which takes a good polish and is s t rong and durable. 
In the past, quarries heve been operated at ~11 Greek, Ravia, Tishomingo, 
~nd Troy, in Johns~on County. 

Marble 

The coarsely crystalline gray to pink St. Clair limestone ot 
Silurian age crops out north ot a fault in the vicinity or Marble City, 
Sequoyah County, eastern Oklahoma. At this locality the St. Clair has been 
quarried in the past for use as a buildi~ and interior ornamental stone. 
At the Marble City locality the St. Clair limestone is mor e th3n 100 teet 
thick and many good quarry sites are available. 

' ' 
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Sandstone 

Sandstone beds suitable for bu1ldi~ stone ar~ present in m&DJ 
formations of Cambrian, Ordovician, Pennsylvanian, Permian, Triassic, 
Tertiary, and ~ternary a~e. 

Sandstones of Cambrtrm end Ordovician afle crop out in the Iii chi ta 
and trbuckle MOuntains of southern Jklahoma and the Ouachita Mountains 
ot central McOurtain County, southeastern 9klahoma. The Reagan sandstone 
~f Cambrian age overlies the ~re-Cambrian igneous rocks in the ~buckle 
and \Vi chi ta Mountains. It iaacoarse-grained, arkosic, in part con­
glomeratic sandstone which is rarely used, even locally, tor building 
purposes because of the presence of pre-Cambrian granite and k~buckle 
li~stone 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 u~eless 
as a building stone. Its use as a glass sand is treated in the section 
on Glass Sand and other suecialized uses or sand. 'lbe Crystal Mountain 
sandstone end the Blakel~ sandstone of Ordovician age are present in 

central ~cCurtain County. Because of the sparsely settled area and the 
l~ck of transportation, these sandstones are used only locally. 

'lhe Pennsylvanian rock outcrops stretch from Coleman and Brown 
Counties on the southern border of the Trinity kiver tributary area north­
ward to the Kansas-Oklahoma border. Some notable sandstone beds of 
Pennsylvan1 n are in Texas are: 

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

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

Turkey Creek sandstone in the same counties--about 10 to 15 
teet thick. 

Ricker sandstone in arown County; about 4 ~les southeast of 
Brownwood. 

Avis sandstone in Jack, Young, Stephens, ~astland, Brown, and 
Coleman ~ounties--about 5 to 40 feet thick. 

In OkL•homa, sandstone beds in the Pe •r.sylvanian rocks form the 
hi£lier hills an~ ridr c.s; the. int .: rv.:;; ning sl: l os form the lowl-.:nds rn d 
vaJ leys. The _ sandstones a:rn. . g~rel'lll.y light tro-,;n to g.r!!y., fine-grnfned · 
and regularly bedd~d. Prominent sandstone be1s-arP. found iL th~ . following 
Pennsylvanian for.mations in eastern and central Oklahoma. 

Hartshorne sandstone, 150 to 200 teet, eastern Oklahoma. 

Warner sandstone ot the i~Alester shale, eastern Oklfthcma, 40 
teet thick. 
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SaYanna ~dstone containing five sands,one bets, 50 to 200 feet 
thick. .Total thickness 1000 teet. ~astern and central · 
aou·thern Oklahoma. (Tamaha sandstone at base.} 

Bluejacket sandstone, member ot the Boggr shale, eentral-eastern 
and northeastern Oklahoma, 50 to 60 teet thick. 

'lhurman sandstone, eAstern c:nd central-southern Ok.lahoma, 200 
:t'eet thick. 

Calvin sandstone, central, central-southern, and central­
eastern Oklahoma, 145 to 240 :t'eet thick. 

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

Seminole con~lomerate and sandstone, central-southern, C@ntral 
Oklahoma; 50 :t'eet of co~lomerate .~nd 100 teet ot sandstone .. 

?he Permian outcrops are west of the Pennsylvanian and stretch 
from Tom Green County, Texas, in the south, to the Jklahoma-Kansas border 
in the north. 1he best known ?er~i an sandstones in Texas are in the 
San qelD formation in Tom vreen, Coke, Nolan, Taylor, Jones, Fisher, 
Stonewall, King, Knox, Fo.erd, Hardem::lll, and .. ilbarger Counties--locally 
60 to 250 feet thick. 

In Oklahoma,Permian sandstones occur in the Clear Fork and 
Wi.chi ta groups, the nhi tehorse sand f" tone or the ~odward group, and the 
Dancan sandstone. The sandstone in the Duncan occurs in two or three 
ledges end ranges in thickness from 75 to 250 feet. ~he Duncan sandstone 
is the same as the San Angelo so.ndst r..ne of Texas. 

Triassic outcrops are round in the Panhandle of Texas and along 
the breaks ef the High Plains eastward as far as Nolan County, Texas, and 
southward to northern Coke County. Red and eray sandstones occur in the 
Tric.ssic :::>!' . r; ·t ~::. Ros:1 formnt i on. &lds 25 to 30 feet thick "!re reported. 

Cret~ceous outcrops form a continuous belt from eastern Brown 
County, Texas to Red ~iver, an1 thence eastward in southern Oklahoma 
south of the .n.rbuckle and Ouachita U.ountai ns to the Arkansas border. To 
the west of this belt in Texas are numerous outliers of Cretaceous rocks. 
Sandstones firm enough to he or value es build t ng stone are not common in 
::he Cretaceous beds. Howev~r, a dark red or black sandstone of Cretaceous 
age has been used loc~lly for buildings in southeastern Oklahoma. 

Tertiary outcrops form a continuous belt east ~nd south ot the 
Cretaceous outcrops end extend southward to Sen Jacinto end Fblk Counties, 
Texas. Locally, sandstones of v r~ying quality are present in t~e Tertiary 
outcrops. Some sandstones, used locally for building, are round in the 
Carrizo for.nation, Newby member ot the Reklaw fo~ation, Queen City 
tcrmetion, basal s,arta formation, Cvok MOuntain formation, Wellborn 
formation, end others. B&sal white ~parte sandstone was used as rough• 
trimmed dimension stone in Cherokee County for the outside walls or the 
new courthouse in Rusk, the new Grange Hall ~hool, and the new '.J1 bral"J' 
in Jacksonville. This stone is fiVailable in Cherokee ~ounty sbout 2 miles 



west of GrBD&e H~ll echool,and in northeastern Houston County in ~he 
Yicinity ot New Glover achocl. At the letter place the bed is 3 to ~ 
feet thick. Herd, white sandstones are found in the outcrop belt ot the 
Jackson and Cntahauln groups. Many ot these hove been quarried looallJ 
tor broken stone and crushed rock. Local thicknesses ot 20 teet nre 
known. 

~uarternary deposits are . tound along the Trinity ~iver and other 
major streams as terrace deposits on either side ot the river. Generally 
these deposits ere unconsolidated gravels, sands, ~nd clSJS• However, 
locally extensive masses ot the porous deposits are indurated by inter­
stitial calcareous or ferruginous cement. '!be renltant eendstcnes are 
generslly coarse-grainod and conglomer~tic. Jne notable deposit or this 
kind is on the west side or Neches River, in extreme northeastern Houston 
County, Texns. This deposit: has be9n quarried in the ~ast, but is tar 
removed from transportation rac111t1es. 

Silicified wood 

This minor ornament nl ~nd veneer stone occurs scattered in 
deposits ot Cretaceous (Trinity ~roup) and Terticry (Wilcox ~roup and 
Yegua formation) ar,e. AmoDF the Cretaceous sedi~nts the sands of the 
~rinity ~roup in Erath and Qdjoining Texas counties, are the richest in 
atlicitied wood. Outcrops of the ~1/ilcox p-roup cross Robertson, Limestone, 
Freestone, Leon, Alderson, Navarro, Henderson, VanZandt, ~ains, and. other 
east Texas counties. Outcrops of the Yefua fomation cross Madison, Leon,. 
Houston, 'lrini ty, Angelina, and Necodoches Counties. 

2!_auconi t~_;:_ock 

This minor buildillf. stone occurs in ~·!eches strata of Tertiary 
age. '.lhe forJ~t:~tion crosses Robertson, Leon, houston, Anderson, Henderson, 
Cherokee, and many othAr 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 ot interior hallways and on 
the lower part ot the outside wall. The thickness of the useful portion 
ot the Weches is from 2 to 10 teet only. 

Reserves 

Building stone is so widely distributed over much ot the area 
that the overall reserves of this res::urce must be very lar@.e. HoweTer, 
locally, there is a scarcity ot buildint ston~ in some parts ot the area, 
and it 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 coastal belt of Texas. 
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Producing companies and localities 

The more important buildi~ strnes ~rodu.ced in the Trinity River 
trl bu t ary area are liMestone and rroni te. An important 1 imestone 
dimension stone area is the Lueders district, Jones and Sehackeltord 
Counties, Texas. Producers end location of quarries of limestone are 
given in the chapter on limestone. The ~ranite quarries are locate1 in 
Greer and Kiowa Counties, in the Wicht ta Mountain area of Oklahoma. 

Other kinds of building st~ne are producP.d intermittently and 
on a minor scale at many localities. There are numerous local quarries 
producing broken stone interl'littently for road metal. They are operated 
by county roa :i crews, the State Highway Department, WPA crews, CCC camps, 
and other agencies. It is not possible to list all these minor quarries. 

Some ~roducing localities of sandsto~e in Texas are: 

Quarry on Cook's MOuntain near Crockett, Houston County 

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

Two miles west of Grange ·Hall .s::hool, Cherokee County 

Quarries near Homer, southeast of Lufkin, ~elina County 

Quarries near ~vil's Bend of Nache~ River, southern 
Angelina County 

Quarries near Zavalla and Perry Doer Park, An8~lina County 

Quarries near Corrigan, Polk County 

Silicified wood producer: 

Ross R. ~Volfe, Stephenv111P., Texas 

GlaueonitP. roek-nroducing localities in 1exas (inactive) 

Quarries near old Glover, northeastern Houston County 
(Dimension stone used in mission in Mission State Park 
at ~Veches.) 

WPA quarry, 3 miles east of 1\usk, Cherokee County 
(Dimension stone used in new courthouse at Rusk) 
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1935 
1936 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
1944 

Production of buildins stone in the 
Trinity hiver Tributary Area 

Granite Dimension Stone !/ 

No. of 
Short Tons ~btc· J'ec• Value producers ·--. 

1,910 --------- f :.69 ,698 4 
5,560 -------- 1'79,070 7 
6,290 75.160 201,125 .Y 
6,140 73,890 2'?9,005 7 
3,610 43,9~ ~ ... '?3. 29i 6 
3,250 38,230 1 ?7 ,085 9 
4,000 48,~eo 225,314 8 

13,210 57,040 343 1 R3? 10 
3,340 3?,580 327.428 6 
3,660 38,000 182,543 7 

!/ A) l from Oklahome; no grani tc was produced in the Texas 
part ot the tributary area. 

Y Not listed 

All data from United States Bureau of M_nes 

Limestone Dime.~.1sion 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 statistics. 
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Crushed limestone and dolomite 

!!!!:. Short To!!, Value 

1935 893,486 t 660,358 
1936 1;775,9~ 1,646,448 
1937 1,227,415 1,119,907 
1938 1,012,310 !I 1,005,025 y 
1939 2,,12,501 2,105,642 
1940 1,369,289 1,129,809 
1941 2,151,076 1,973,758 
1942 ~,410,353 3,479,020 
1943 3,204,627 2,761,282 
1944 1,800,381 1,604,728 

Crushed sandstone 

Year Short :i21Ul Value 

1935 45,510 $ 45,335 
1939 117,950 ?9,109 
1940 134,420 103,477 
1944 37,580 10,380 

Miscellaneous stone sold or used by producers 

Year Short Tons Value 

1935 36,198 11 t 38,746 1:1 
1936 55,378 y 33,260 II 
1937 143,576 y 99,821 y 
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 --~----
1944 260 2,385 

y May include chats from Joplin area 

All data from United St ~tes Bureau of Mines 
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CELESTITE 

H. B. Stenzel and rr. c. Fountain. Bureau ot 
Economic Geolo~. University of Texae, and D. M. 

Kinney, United States Geolo~ical Survey. 

Celestite (SrSO~), the principal source of strontium and 
strontium com~ounds, is a medium-hard (Yohs scale of hardness, 3 to 
3f ·) ATv'l heavy (specific r;ravity, 3.97) mineral, containing 56.5 per­
cent atrontium oxide and ~3.5 percent sulfur 'trioxide. It occurs in 
well-developed crystals, cr~'stalline nodules, or irre!"ular JTI.asses. 
and resembles barite in many of its ~roperties. Pure crystalline 
celestite is translucent and colorless or sky-blue, but celestite in 
commercial deposits is usUally colored by impurities. It occurs as 
replacement deposits or cavity fillines in limestone, calcareous 
sandstone, dolomite, soft sand, sandstone, and shale. 

Durinr. the war the chief use of celestite was in the ~Anu­
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 comrounds is in fireworks; however. normally 
this does not require larce quantities of celestite. Small quantitiet 
of celest ite are also used in the manufacture of strontium chemicals. 

The use of r, round 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 ~lows have proven 
fairly satisfactory and economical, except that in some :>laces con­
siderable losses are sustained from .shattering the celestite into 
pieces too small fC' · handlinr,. In l!olan County the celestite · is 
pried out of ex~osed ledges with hand tools. Durin~ one period of 
about three da!•s, a steam shovel was used for stripping the ore in 
the !:iller locality in Brown Count~·, and at several times tractors 
have been em?lo~•ed in drevring ~lows to ex?ose and break material 
from the beds. In all deposits the material is roughl~· sorted and 
loaded by hand. 

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

The methods employed -in the Trinity River tributary area 
for th~ m~niDt of celestite are primitiveJ hence they require very 
little capital investment and little machinery. The improvement in 
mining and separating ~thods might make possible the development 



of deposita havinp.- a lnrger overburden than the ones vrorked at 
nreaent. 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 celeGtite 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 depQSits 
are restricted to two districts in Texas. (Fig. 7) 

The Nolan district centers in l~olan County and the miner­
alized area extends southward into northern Coke County and north­
ward as far as central Fisher County. ltinin~ be~an in 1930. Celes­
tite occurs as replaceoent de~osits in dolomite or dolomitic 
limestone beds of the Double J:ountain grou~ of L~per Permain a~e. 
The thickness of the deposits is variable. In Fisher County celes­
tite de~osits are restricted to the Cla~~onville dolomite but in 
the central ~art of the district r!cposits occur in several horizons. 
In the Boothe deposit 5 miles south of SWeetwater, Uolan County, the 
enclosing bed is 1-1 to 20 inches thick and is vari"ably replaced by 
celestite. The rock mined contains an estimated 70 to 60 percent 
celestite. 

The Brown district centers in eastern Drown County and 
mineralization extends into Comanche nnd Kills Counties. lUning 
be r,an in 1940. The celestite deposits are in impure limestone and 
shale which lie in the middle of a series of soft sands and clays 
and aro ~robrxbly n marr;inal racies or the Glen nose i'ormation of 
the Lovrer Cretaceous Trinit:r group. Celestite occurs as nodules or 
~dded deposits but only the bedded deposits are or commercial impor­
tance. The beds vary in thickness from 2 to 14 incheQ tmd average 
about ~ to 5 inches. The de~osits contain from 70 to 09 percent 
celestite but sooe de~osits contain as much o.s 10 to 12 percent 
barite. One qf the larcest workable deposits is on the R. L. l~ller 
la..'"l.d about 5 milos northwest of Blanket, Brown County where the coles• 
tite bod is about 6 i~chos thick. Another workable deposit is on the 
Alpha Balcer and J. A. Faulkner land about 4 miles northwest of Blanket 
Tho thickness varies from 4 to 10 inches and the grade is unusually 
uniform. 

Vl. E. llam of the Oklaho::m Gaolocical Survey reports that 
tho lar~ost celestite de~osits in Oklahoma occur in thin dolomite 
beds of Permian age in an area 7 miles long in a north-south direc­
tion and 2Q miles wide ncar Weatherford in northeastern Washita 
Count~r, Oklahoma. The celestite with a small quantity of strontianite 
(SrC03) is present as disseminated crystals in the dolomite, as crys­
tals linin~ open cavities, o1·. as crystals aligned along bedding 
planes. Four localities h•ving rossibilities of commercial develop­
~ent are !~awn. In thre~ of these localitie: the celestite deposita 
are in the Weatherford dolomite and are exposed 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 aa much as 30 
inches in thicl~ness. The fourth and largest de:>osit is in a lC>-foot 
dolomite bed near · the base of the Cloud Chief formation in the ME 1/4 
sec. · 2e, T. 11 lT., R. 14 H. The celestite i~r.pregnated dolomite bed 
crops out in a low hill that covers about 40 acres. l~o drilling has 
been done on any of the deposits to determine their extent. 

Reserves -

Although celestite occurs in numerous scattered deposits 
in the Trini t~· 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 
Estimated reserves in the rolan district 

30,000 tons 
200,000 t ons 

Data is insufficient to esti.ate the reserves of celestite 
in the r!et'.therford area of \'lest-central Oklahomn. 

Producing Companies 

Opera tin~ companies within the Trinit~· River aree. and 
plant locations are listed below. !:ost, if not all., of the: cclcsti te 
produced wns used for rote.r~r drilling mud. 

Ben."lett-Clnr!.- Company, !!ncoe;doches, Texas 5 miles south-south­
west of Sweetwater, 
l"olan and Fisher 
Counties. 

The lUlwhite Compan!', Houston, Texas 4 to 5 l!liles north­
west of Blanket, 
Brown County. 

~-udrite Chemicals, Inc., I!ouston, Texas Brown County. 



Production 

lrumber or 
Year Tons Shi?pod Producin' Companies , 

1940 2 Producers 
1941 1959 s Producers 
1942 1917 3 Producers 
1943 4958 4 Producers 
1944 2 Producers 

All or the above ~reduction was fror.1 the Brawn and rolan 
districts in Texas, nonc .having been produced in Oklahoma. Data from 
the United States Bureau of ~ines. 

1. Brown, L. 
(Abst.): 
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CLAYS 

H. B. Stenzel, Bureau ot Economic Geology, Universit~ ot 
Texa~and A. E. Weissenborn, United States Geolosical 

Surv.ey 

Cle.ys are rooks ot earthy app'!larance whose chief characteristic 
is their plasticity in the wet state. Mineralogically clays are ~omposed 
ot complex hydrous aluftdnum silicates - the ao-call~d clay minerals -

·among which are included kaolinite, dickite, nacri,e, : halloysite, al~ 
lophane, beidellite, nontronite, and montmorillenite. In addition to 
aluminum, silica, and water, somP ot the clay minerals also contain iron, 
magnesium, cf.alcium, potassium, and stidillm. The individual particles ot 
which clay is compose4 are usually less than 0.002 mm. in diameter and 
consequently the component minerals can be identified only by microscopic 
or x-ray methods. !vanerals commonly occurring as impurities in clays are 
quartz, calcite, gypsum. siderite, limonite, pyrite, and muscovite. Many 
clays contain soluble salts which in same cases may orr~et their us~tulness. 
Raw clays contain large emounts or water, part or which is mechanically 
held and part combined chemically with the hydrous silicates. 1he mechan­
ically held water which evaporates at room temperature is known as "shrink­
see water", the remaining water which is driYen orr by h~ating to 110° c. 
is known as "pore wat~r"; the lhrinkage water" and the ,ore water"together 
are known as "wat"'r ot plastic! ty". A part or the mechanically held water 
is retained until the clay is heated to about 200° c., this is known as 
"hygroscopic" water. 'lhe chemically combined water, which is an esDential 
pert ot the various clay ~inerals, is given ott at temperatures between 
450° and 600° C. 

In the tollowin~ chapter, clays are divided according to their 
use and are discussed under the headings or bleach!~ 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 proprty 
to a high degree ot decolorizine. oils. Burning clays include those plastic, 
sili'ceous clays used in the l"!anufacture of brick, tile, .:..nd pottery; and 
the high-alurina clays used in rnakin~ refractory bricks and shapes. 
Drilli~ clays are clays having certain pro~erties which make them useful 
as the basic ingredient in oil well drilling flui~. 

The properties which determine the suitability ot a clay tor any 
specific purpose are physical rather than chemical and depend to a large 
extent on the mineralogic composition and the texture of the clay. Chem­
ical analysis gives little indication or the physical properties, and 
whether a clay can be used tor any given purpose must be ~·~ermined in 
most cases by test. 
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Bleaching Clays 

A. L. Jenk~, United States Geological Survey 

Nearly all clays possess some ability to decolorise mineral, 
vegetable and animal oils and fats. In general, bleaching clays are 
classified as active or activablo. The naturally active clays, or tuller's 
earths, are those in which the power to adsorb coloring matter trom oils is 
inherent in the raw ~roduct. The activable clays, or bentonites,!/ 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 pertormdng 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 bento~ite are 
similar, both being hydrous aluminum-silicates of the montmorillonit~­
beidellite group. Both have a co~n 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 ~nersls. 
Physically, fuller's earth is non-plastic to sli~htly plastic, possesses 
a foliated structure, and ordinarily ooes 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, b~ff, brown, 
or dark gray. 

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 
r~covered and used sever~l iiroes. However, the activated clays display 
a distinct advantage over natural earths due to their, greater bleaching 

l/ True bentonites have the property of swelling several times thier volume 
upon the addition of water. The beuknite clays of the Trinity River area, 
although similar in other respects to the bentonite~ do .not have this 
property and technically are known as metabentonites. However, in the 
bleaching trade all activable clays are called bentonites and tor this 
reason the production ot metabentonite is listed under bentonite. The 
terminology of bleaching clays in industry is further complicated by a 
recent trend to report tonnaP.es mined as fuller's earth rather than boa­
tonite although bentonite may have been reported as mined from a given pit 
in previous years. In commercial practite 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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poW8rs and .onsequently leaser quantities are necessary to produce the 
· desired result. This is a desirable feature, as the smaller the amount or 
clay used, the smaller is the loss of oil retained in or adsorbed by the 
clay. 

In 1943, 80 ~ercent of all bleaching clay produced in the United 
States was ~ed as decolorizing agents in the ~etroleum refining industry; 
most of the remaining output was used in the refining or cotton seed, 
soya bean and coconut oil, and in the clarification or crude packing­
house lard and grease. Apryroximat~ly 60 percent or the total bleaching 
clay output is listed as fuller's earth by producers. Activated clays tor 
bleaching pur9oses are in part superseding the use of tuller's e~th • 

. 
Bleaching clays are ~ned by strip-pit methods, since the over-

burden seldo~ exceeds 10 feet. Pick rnd shovel or small mechanical 
shovels are generally used for mininr 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 inc~ End dried in kilns. Further crushing and screeniLg 
reduce the clay to th·e size desired by the individual user. The activable 
clays are treated witi1 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 hiver tributary area, and especially the lower part 
of the Trinity River 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 matP.rials, that sell for a 
small margin of profit and the fortunatP. location of the principal depositf 
adjacent to important rP.fining centers makes competition improbable from 
deposits outside the area. The major oil companies which are the principa 
users of bleaching cla~d, commonly oper~ te their own pits end processing 
plants to sup1ly their own needs. 

General occurrence - BlbachiOP- clay is found in several 
sedimentary formation-s-of Tertiary a@e which underlie 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
calitie~ on the High Plains throughout western Texas and western Oklahoma. 

Coastal Plain area - As is shown on the accompanying map,(fig.8} 
bleaching clay deposits in-ihe Coastal Plain area are essentially confined 
to certai.n Tertiary strata which cross the Trinity tri butar.,r area in thpoe 
narro'~ bands roughly :.>arallel to the coast line. 'fhese strata lie in the 
Cook Hountain formation of the Claiborne fXOup, of the EOcene age; the 
Jackson group, also of Eocene Age; and the Catahoula sandstone, of 
Miocene (?) age. Because these strata cross the •rrini ty River, outcrops 
of pleaching 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 clar exposures, therefore, are not common. 
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The only actual outcrops of blqachinp. clay in the area subject to flooding 
are at Alabama Ferry on the Trinity River in Houston County, where an 
exposed bed of bleaching cl8Y 3 to 4 teet thick is found in the Landrum 
shale member of the Cock llountain forrr.ation. Ji pit near Carli ale, Tr1nl ty 
County, in the Catahoula sandstone, is very close to the area subject to 
flood if it is not actually within it. 

~·J!. thin the Trinity hiv<:.lr drainfi€e basin bleachi~ clsy is found 
in the Cook Mo~tain fomation in Houston, Leon and Madison Counties. In 
this formation in Houston Cour.ty, bentonite is f,:.unfi at Hurrican " B111you ~ 
miles northeas t of Crockett, and bentonite outcrops for.m a lino trom there 
to Alabama F~rry, a distance of about 20 miles. Map , ing of these numerous 
outcrops and drilling of the associat~f! deposits w~re carri8.1 on as a 
:i. P. A. project under th8 sup~rvision of the Bureau of Economic Geol~gy, 
University of Texas. Important deposits of fuller's earth and bentonite 
are fow1d in the Catahoula sandstone near Riverside, in ·.valker County, an<l 
a few miles farther to the qast in San Jacinto and Trinity Counties. 

Outside of the Trinity hiver drlllinage basin de'?osits of Fulle:r'~ 
earth and bentonite occur in the Olaiborn~ group south of Fbrest, Ch~rokee 
County; 2 mil~3 north or rtedl .: nd, n.r.gelina County; '.ind in Nacor4.oches 
County. Deposits of fullP-r's ~arth are bei~ ~ined 9 miles south or 
Zlllvalla, Angelina County, from be:ds of Jaclfson ap.e. Near Carmona, in Polk 
County, 62 fe~t of pyriti~ clay, some of which is bontonitic, was found 
duri~ the courPe of aufer drilling. It is ur1c~rtain whethAr the clay i3 
in the Jeckscn group or thP Catehoul a sandstone. 

Th~ most important produc i ng areas at ~resent are those near 
Riv~rside, W3.lker County, wher-e the Tex.~ s Company · nd the Continental 
Oil Com?any have - ~rocessing plants; ·nd the deposits n~ar Zavalla and 
Redl ! nd, Aneelina County, wher~=: <;eVP.ral compf!nies produce bleachine clAy. 

Outcrops of Claiborr.e, Jackson ~nd Vatahoula strata ~xtend beyond 
the limits of the Trinity River tributary area and deposits of bleaching 
clay are ei tber being mined or arlO! kno.m at s~veral localities in thes~ 
formations bo~h east ·and west of t~ e area. 

Hi~~ai~ ~ - Bl411aching cl..y occurs as isolated lf!nses in 
Pliocene or Pl~istocen~ sediments throt~hout the High ?lains area in 
western Texas anc \lest ern Oklahoma. Counties where depo~i ts have been 
found include :voodmlrd, Ellis, Deuey, Blaine, Roger r.:Uls, and .iashita 
Counties in Jklahoma and Hartley, Potter, Swisher, Jriscoe, and Scurry 
Counties in T~xas. Most o:t' thAse d"posi ts are classed as bentoni t~, 
~lthough some: t~ller's ~arth is repert~d in the Texas part 9f the area, 
particularly in Briscoe and Swisher Counties. Producing plants are lo­
cated in Bri3coe Count", Texas. others in ·:¥oodward CoWlty, Oklahoma, six 
miles hc:;;t of thP. town of Noodward, are no lone,er operating. 

Q!h~!_}_ocali ti~~ - Deposits of bleaching clay are re9orted from 
··;agoner and P. ;.skell Ccanties, Oklahor:~a, nfltar the .. .rkansas River, an• from 
the vall.~ of the Red River in Cotton County, Oklaho~a. Detailed infor­
matio• is lacking regarding these deposits but they a)pear to be in 
pocY..ets or lensAs in ~.uarternary terrae.., f:ravcls. 
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fUller's earth. The total ~utput of bleaehinp. clays trom the T~inity 
river tributary area in the past 10 vears is ~iven in the following 
table: 

Year 

19:35 
19:36 
19:37 
1938 
1939 
1940 
1941 
1942 
1943 
1944 

Ful!P.r 's earth Bentonite y 
Short tons Value Short tons Value 1/ -

40,904 $391,389 4,805 $5e,5oe 
46,176 455,493 1,247 y 9,97~ y 
48,252 460,928 235 y 2,354 y 
36 ,749 346,490 4,464 !I 44,640 y 
36,537 341,048 . 4,386 !I 43,860 !/ 
32,454 261,379 3,000 y 30,000 y 
61,399 556,741 0 ?-..1 0 !I 
68,577 577,631 2,500 y 28,250 !I 
76,561 -584,390 I 3,912 y 44,532 y 
93,057 736,969 1,764 y 39,427 y 

1/ May include some bentonite used as rotary drilling mud 
y From l'exas part of tributary area only; Oklt.h oma ">reduction 

not available 

All data from United States Bureau of mines 
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Burning Clays 

H. B. St9nzel ~llld H. c. Foun~atn, University of 'J.exas, 
Bureau of Economic Geology, and A. L. J~nke and 
A. E. ' !eissenborn, tTnited Stato3s Geological Survey 

Burning clays are so abundant, ~d the ~roducta derived from them 
·-,re so much in use in evP-ryday life that the general public pays them scant 
attention. Yet these clays are a very important n~tural resource becaus~ 
of their wide range of uses in industry and their abur1dance and cheapness. 

The useful properties of burning clays derive from the fact that 
when wet they may be molded or pressed into many desired shapes and then 
chanred by heating into hard ~ nd ri~id ceramic products that are resistant 
to water and weath~ring. A8 clays vary in behavior ~der the ~ring process 
they arc conveniently classified on the basis of the propertiP.s which they · 
exhibit after f i ring. Jne such classification is given below. 

(1) White or cream burning clays 
Jpen burning or porous. Uses: pottery and refactori•s• 

Dense burning and nonrefractory. Uses: pottery including 
whiteware, ~orcelain, stoneware , ter~a cotta, abrasive 
wheels, zinc retorts, race brick, sagpers. 

Dense burning and refractory. Uses: cr.ucibles and glass 
pots. 
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l 2) Buff burni~: clays 
Hefrac ·t;ory. Uses: Abrasives, fire brick, terra cotta, 
sanitary ware, r lazed •.nd enamelled brick, rl ass -:;>ots, 
sagfers, retorts. 

Nonrefrectory .• Uses: bricks, architectural terra cotta, 
stoneware, yell0\"1 ware, race brick, sanitary ware, 1k.Vill@ 

brick, abrasive wheels. 

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

Dense burning. Uses: conduits, sewer pi~c, paving brick, 
floor tile, electrical porcelain, cookil'lf· ware, silo 
block, artware, face brick, architectural terra cotta, 
roofing tile ) hollow blocks, flower pots, slip clays. 

(4) Light f ray or cream bu~ clays containin~ some calcium or 
magnesium carbonate. Use: common brick. 

It >..ould be difficult to list all the C'3ramic uses of clays. The 
wide ra~e of .useful pro1ucts obtained from the various turninr, clays is 
indicated in the fore: oing classification and new ones are continually 
being developed. 

exclueiYG of brick clays 
In the Unitei States in 1939, clays of all classes}Sbld and us~d 

totaled 3, IJ27, 764 short tons valued at ~t l 7 ,046, 773. Among these the bur:l­
ing clays greatly pr~;~dominated, with t'ire clay 56.? percent, kaolin 20 
percP.nt, and ball clay 3.2 percent. V~SCP.lleneous clays made 10.3 percent 
of the total, follow ·1 by bentonite end ~~ller's earth with 5.6 perc~nt 
and 4.2 percf!nt res'Jecti vely. '.ibP. average value of the kaolin sold was 
~8.94 per ton, of the ball clay )7.28, and of the fire clay )2.62. 

Most clay deposits are worked as open pits, the method of ex• 
cavation dependint, upon the character of the clay, thickness and extent of 
beds, and character of the overburden. bmall deposits, or those contain\ng 
more th n one variety of clay difficult of sep2.ration otherwise, may be 
mine~ by hand, but are usually uneconomical to operate. Ir. some deposits 
the clay face may be undercut at the base and causP.d to fall, thus breaking 
up the material so that it may be handled readily. Thick beds of uniform 
quality ar~ be nt handled by ~cchines such as drag lines or shovels end 
planers. The dev~lopment of the bulldozer has greatly facilitated and 
oheapencd the r~moval of overburden in ~reparation tor handling by nachines 
of greater power and capacity. Underground mining is commonly used only 
for extract! ng the bet er grades of beddeJ clay and usually is carried out 
by the room-and-pillar method. 

Ordinary burning clay products have restricted narkets on account 
ot transportation costs .an~ because of competition, which is commonly neAt 
at hand. Some of the lower grade products might, b~ some special Yirtue 
or reputation, invade reasonably distant market territories, but the great 
majority of them must be used close to the place where criginete•. Products 
made from the higher grade clay~ ha?e a somewhat wider market. 
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In an established industry such uS the manufacture or brick and 
tile, the element of competition is of ~rime conside~atioD. Brick plant6 
are in operation over a large part of the '!'rini ty Riv .. r tributary area · 
wherever raw materials are readily accessible. In the g~.at majority of 
cases the clay deposit and the brick plant are awned and operated by the 
same company. .rn the past many mre plants wt'lrA operating than at the 
pres(mt time, but broadening of markets and impl'(IV~ments in transportation 
have tended to concentrate the industry in fewer hands and loeaii ties. 

Capit&l requirements of the average brick plant are mc4eratA. 
However, the economic factors of greatest ~portanc~ are cheap ··fuel and 
transportation. Cheap and efficient ruel in the form of natural gas is 
available in Breat quanitit~s in many locations in the Trinity River 
tributary area. If the Trinity River were to be opened up to cheFlp wat·er 
trausportation cer8J!li c plants of the tributary area ~Jould have two great 
economic advantages. Under those circumstances it is possible that the 
markets ror ceramic products made in the area could be extended greatly enc 
that many of the products could be P.Xport~d for sale in Mexico and tho 
Antilles. The· expectet! expansion in building coupled with the incrPasi ng 
shortage of lumber sl'1.oulcl swell the demand for all kinds of ceramic build.­
ing materials. 

~!~~ of burni~ clays in the Trinity River tributary area 

Burning clays occur widely over the Trinity River tributary :u-ea t 
Nearly all ,arts of the area have deoosits of burnin€ clays except the 
refion underlain by the Cenozoic deposits of the Hi~h Plains. The presence 
and general character of the clays are determined by the geologic rormatio~ 
in WPich they are foun~. 

Occurrence of burning clays in Texas - Clays, or shales, suitabl€ 
for makill@ brick ~nd tile or 3imilar lou-grade products are found over a 
wide area along the outcrops of ' he Penn~ylvaniar. and Pe~an fo~ations 
in Texas. Extensive and thick beds of shale occur in the Strawn Canyon 
groups of Pennr-;ylV·-' nian age in Brown, Eastland, Erath, Palo Pinto, 
Parker, and Wise Counties. In the Strawn group the principal shale be•s 
are the ~ ~1ngus 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 -.nse 
County, increasinc in thickness from 180 feet iil th~?. south to approximately 
400 feet in the north. Equally extensive but much thinner beds of shale 
occur elso in thP. Canyon strata overlying the Brownwood Shale. 

In the Upper Pennsylvanian Cisco ~· roup, as well as in the Permian 
ror.mations outcropping ~er a wide area farther west, numerous beds or 
shale occur.. Like those in the upper Canyon strata they are thinner than 
those in the Str~wn. n1ey tend to be very erratic in both distribution and 
li t~ologic character. They grade into . "rrJd beds" to the north and north­
east. Above the Wichita group, the remaining Permian formations are 
predominantly of "red b~d" facies and hence contain none but the lowe::t t 
grade~ of burning clay materials. The Cisco formations contain several 
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beds of coal ond it is probable that shalqs associated with the coals 
mieht be f ound to have ceramic uses. 

Burni~ clay deposits are ::~bundant in the :;,'oodbine, Eagle Ford, 
.Austin, Taylor, and hevarro formations of Cretaceous age. 'lbese formations 
crop out thro"Jgh a wide belt which includes the n1ost densely populated 
aroe. in Texas. .Al. though lower grade clays predominate, the deposits 
probably are the most important in the stat e du~ to their location with­
in, or close to, a hi~hly industrialized area. 

'lb ' ··k:lodbine outcrop extends from northern McLennan County 
thro~h Hill, Johnson, Tarrant, Denton, and Gray&pn Counties to Red River 
in extreme northwestern Fannin County. Other small outcrop areas occur in 
the valley of Red River in LenJar and Red River Counti es. Beds rango in 
thickness from a few feet to over 600 feet. 

'J.'h~ Eagle Ford shal~ outcrops across V.oLennan, Hill, Johnson, 
Ellis, Tarrant, Dalla~, Denton, Collin, and Grayson Counti~s, and con­
tinues . adj a~nt to the v~lley of Red River alo~ the northern sides of 
Fannin and Lamar Counti~s and into northwestern Red River County. The 
thickness rangqs from a few feet to several hundred feet. 

Thb Bonham clay, a provincial facies of the Austin chalk, oc: urs 
in Grayson, Fonr.in, Lamar, Hnd Red River Counties and varies from a few 
feet up to ab0~t 400 re~t 1R thickness . 

lbe Taylor strata outcrops from McL~nnan County to Red River 
and occupies parts of McLe:.nan, Limestone, Hill, !1·-·varro, Ellis, Kaufman, 
D~llas, Rocln1all, Collin, Hunt, Fannin, Delta, Lamar, Red 1\iver, and 
Bowie Counties. The clay beds in th~ Taylor are interrupted alon~ the 
outcrop b• th~ deVP,lopment of i nt erfinF,erine. beds of chalk, marl, and 
sand. The total thickness of the formation is somewhat over a thousand 
f eet, and ~art of it i s shale suitable for brick making. 

'I'hc outcrop of the l·;<...varro strata across the area is divisible 
into three formations, ·::he medial Nc.eatoch send separating clay or clay­
marl b~ds in the lower .and upper parts. 'lbc outcrop extends through parte 
of Limestone, r;avarro, Henderson, Kaufman, Hunt, Hopkins, Delta, Franklin, 

· Red River, and Bowie CountieR. Its total thickness is comparable to 
that of the Taylor formation. 

In the Eoceno formations outcropping in the southP.astern part 
of tha Trinity River tributary area, th~ usefUl burninp clays are mostly 
associated with the li (. ni te-bearing bP.ds of the ililcox and Yegua groups. 
However, the l!.i dHay, Claiborne vand Jackson strata also contain clays, at 
lea~t of the lower grades. In the lie~itic beds of the ~ilcox and Yegua 
are found deposits of rP.fractory or s~i-refractory clays that can be 
usP.d in the manufacture of pottery, stonewar~~ and firA brick. Outcrop 
belts of the Eocene strata are as follows: 

Midway; Limestone, FrP.estone, Navarro, Henderson, Kaufman, 
Van Zandt, Rains, Hunt, Ho~kins, Psl ta, Franklin, Titus, Rad River, and 
Bowil!' Counties. 

Wilcox; Robertson, Limestone, Leon, Freestone, Nevarro, 
AniJ Ol"son, Henderson, Van Zandt, Rains, tYood, ~arrison, Marion, Panola, 
Rusk, Nacagdoches, Hopkins, Franklin, Camp, Titus, ,Morris, Red River, 
Bowie, and Cass Counties. 
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Mt. Selman; Robertson, Leon, Freestone, Anderson, Houston, 
Chero~ee, NeCOfdoches, Henderson, Van Zandt, Smith, Wood, Hopkins, Frank­
lin, Titus, Camp, ~~rris, Cess, Merion, Harrison, Upshur, Gregg, en ~ Rusk 
Counties. 

Cook V.ountein; Robertson, Leon, i-Touston, Jmderson, Cherokee, 
Nacegdoches, ~lnd Angelina Counties. 

Yegua; lf.adison, flalker, Houston, Trinity, and ~ttlina Crunties. 

Jackson; ~alker, Houstin, Trinity, Polk end Angeline Counties. 

In addition to the burnine clays found in the older formations, 
the more argillaceous terrece materials along ~ajor streams are often 
suitable for ma~ing brick or other low~rade wares. Deposits of this 
type represent the most likely sources of raw materials in that part of 
the area covered by red bed and continental deposits of the High Plains. 

~r9nce ·or burni~clays in Oklahoma - B'~ning clays are 
abundar. t throughout Oklaho~a, elmost every oo~nty containing deposits 
which are suitablP- at ;east for the manufacture of co~pn brick. Clays 
which might be used for refractory purposes are found in Cherok~e, Kay 
end Woodward Counties; and fire clays underliP. many or the coal beds in 
Oklahoma. MOSt of the clay depo3its are associated with rocks of 
Pennsylvanian or Permian age. This is due in part to the extensive ar~a 
undArlain by Pennsylvanian • .. nd Permian sediments; burning clay d@posi ts 
in Oklohoma are also found in Ordovician, Mississippian, Cretaceous 
and ~uaternary sP.diments. 

No attempt has been ~ade to estimr te accu~ately the total 
reserv~s of various burn : ng clays found in th e Trinity niver tributary 
area. If special hifh-grade clays, such as refractory clays, are ex«mpted. 
it is evident t hat t hP. resources of the ordinary types of clays, that is, 
brick clays, are very large and practically inexhaustible. 

~~~ comp•:n i es c.nd Drod ucts 

Texas - There are 20 to 30 concerns engaged in the production 
or processing of burning clays in the Texas ~art of the tributary area. 
Large brick .industirP.s are located in Ellis, Ierris, Henderson, and Palo 
Pinto Countie s. Pottery i~ made at Atnens, D8llas, Marshall, ~IDunt 
Pleasant, and other towns. The· only large region where there are few 
ceramic plants is the High Plains area, whsre raw materiels suitabl~ for 
this kind of industry arP. generally scarce. 

'.l'he following is a list of producers in the Texas portion or the 
Trinity River tributary area. -These were all active in 1943 unless 
otherwise indicated. 
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Brick .;,.nd Tile 

Name of company 

Abilene Brick Co., P~ilene, Texas 
(idle in 1943) 

~cme ~ick Co., Fort WOrth, Texas 

Athens Brick and TilA Co. 
Atla•ta Brick Co., ~tlanta, Texas 
~tlas Pressed Brick Co., Ferris, 

· Texas 
Barron Brick Co., Palmer, Texas 
Brownwood Brick & 'i'ilo ";o., 

Bronwood, Texas 
Erath Sup9ly Co .. , . ..rl ineton, Texas 
Fer -is Brick Co., Ferris, Texas 
Garrison Brick Co., Garrison, 

· Toxas 
.¥. H. Johnson, .:>hreveport, 

Louisiana 
J. C. Jones, L. R. l:Ioneycutt, 
~t al., Hend~rson, Teras 
Marshall Brick Co., Marshall, Texas 
Martin Brick Co., Coleman, Texas 
Mineral ··.'ells Clay Products Co., 

lr.i nerlll. ·· 'ells, T•xa~ 
Palmer Brick Co., Palmer, Texas 
Palo Pinto Coal Co., Mineral V!ells, 

Texas 
Pan-Tex Clay Products Co., Amarillo, 

Texas (closed in 1943) 
Reliance ~lay Products Co., Dallas, 

Texas 
TP.xas Brick Co., Brownwood, Texas 
Tri-State Brick cS... 'I'ile U1€. Cc. 
~Vhi tselle Br1 ek 8. Lumber Co., 

Corsicana, Texas 

f.ocatio~~ plaat or pit 

Taylor County 

~ntC\n, Ell1A, Parker, .~ichi ta, 
. Wise Counties 

Nacogdoches County 
Cass County · 
Ellis County 

Ellis and Limestone Counties 
Bro~ 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 
Pel., Pi .1to County 

Potter County 

Palo Pinto and Smith Countioa 

Brown County 
Harrison Jounty 
Navarro County . 

Fire Brick 

.Acm@ ·Brick Co., ,;.tlanta, Texas 
General Refractories Co., 
Philadelphia, Pennsylvania 

(!7ottp works) 
Harbison-~.V'alker Refractories Co., 
Pittsburgh, Penr.sylvania; 

( "'thens, Texas) 
Thermo Fire Brick Co., Sulphur 
Springs, Tttxas 

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

Henderson County 

Cherokee and Hopkins Counties 
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Pottery 

Nano of company 

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

Th•Hogue Pottery, ~t. Pl•asant, 
Texas 

Lov&field Clay Co., Dallas, Texas 
Marshall Pottery Co., Marshall, 

Texas 
Montgomery Porcelain Products Co., 

Lovefield, Dallas, Texas 
(idle in 1942-43) 

Oklahoma 

!£.2._ation of p1ant or pit 

Henderson Count~ 

Titus County 

Hopklns County 
Harrison Co~ty_ 

Dallas County 

'Ihe following 11 st of 15 e9r:m1c plants which were active in 
·1945 1 s taken from "Oklahoma l~ufactur9rs" by '!'hue sen ( 23) • 

Manufacturer -
Acme Bri ak Co. , 

. 
.Acm~ Srick Co. 
Baker Co. , Earl ... 
Blackwell Brick Co. 
Davis Brick Co. 
Ellis Glazing Co. 
Frankoma ·Potteries 

Inc. 
Mangum Bri.ck t 

Tile Co. 
N.uskogee MatP.rials 

Co. 
Sapulpa Brick & 

Tile Co. 
Sheaffer Tile Co., 

G •. V. 
Uni t~cl Brick !.-: Tile 

Cc,.._ 
United .Brick & Tile 

Cu. 
Western Brick Co. 
wewoka Brick & 

Til~ eo. 

Location of Plant 
~ County 

Oklahoma City 

'lUl.sa 
Bethany 
Black~~ ell 
Enid 
Henryetta 
tiapulpa 

Sapulpa 

Muskogee 
Sapulpa 

0klahoma. City 

·.1'u1sa 

Collinsville 

Clinton 
·;ewoka 

Oklahoma 

Tulsa · · 
Okl u.hona 
Kay 
Garfield 
Okmulgee 
C!"eek 

Greer 

!· ~uskogec 

Creek 

Oklaro!"!a 

Tulsa 

'fulsa 

Custer 
Seminal• 

Product 

Hollow building tile, 
facing tile,_ common and 
tace brick, acid brick, 

refractories • 
Brick blld tile 
Tile 
Brick, face, 3nd commo~ 
Brick 
Blazed produ•ts 
?ottery 

Brick and tile 

Concrete blocks,bricks. 
Brick .:md tile 

'.L'ile 

!rick and tile 

Brick and tile 

Brick and tile 
Brick and tile 



Production 

Year 

1943 

1944 

Raw claJ burned into clay 
products at mine or pit 

TP.Xas 
Short Tons 

442,710 

213,804 

Oklahoma 
Si\ort Tou -

10~,554 

71,955 

Fire clay 
·- produced 

Texas 2/ 
Shor.t Tons · Value 

Not · reported 

24,40:3 !I ~82,490 y 
1/ Includes some stoneware clay from Harrison County. 
Y No data availablfll for ·1roduction of fir~ clay in Oklahoma. 

All data from United States Bureau of Mlnes. According to 
the Bureau, s tatistics ~rior to 194:3 are v~ry incomplete. 
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Drilling Clay 

.\. L. J .:: nt:: l.·, Hr.! t ee States Geolo~ical Survey 

Drilling clay, commo.1'll.y called "drilling mud'' ift the petroleum 
industry, is eny clay which when finely ~xound end mixed with wat~r makes 
a suitable medium for re~oving rock cuttings from drill holes, and for 
lubricating or cooling the drill stem and bit in rotary drilling. 1he 
Trinity River tributary area, as one of the great oil produci~ sections of 
the United Stat es, us es lar~e quantities of drillinp clay in the pre~ 
paration of dril 1 inr- ~uds. 

Drilling clay :-ust be a very fine-prained to colli~al cl~y or 
shale , fre e from grit ··r.d san", and resistant to flocculation by minerals 
in solution. The most importAnt propertiP.s of drilling mud are purP.ly 
physical--including w"~itzht, viscosity, gel strf'mp-th, 3nd thixotropic 
characteristics . (Thixotropy r efers to trc abi : ity of a flui1 to set 
ra~idly to a thick j P.lly-like mass when circulation i~ stopped, and to 
beco;"'e fluici age j n when ap i tated). The last three physical prooerties are 
d~pP-ndent upon t r e ~articl~ size of the cl2y e~d especially on the relat i va 
pr oportion of narticlC'IS of colloiJal size. 

BPsides th e ori~ery functions of drillinf Muds--removing rock 
cuttings and lubricating and co~ling the drill stAm £nd bit--additional 
functions of n good rotary mud !lre: ( 1) to seal the walls of a drill halo 
to pr~vent slouf-!-'r.ing of t he form - tion, loss of mud into the fozmation, m1d 
dilutio:a of the mud b~! water from tor: fonnati ons pA•etra~"'; . and ( 2) to 
prP.vent high-pressure gas blcwouts. To cor.trol high gas press'.li'es and 
prevent gas blo wouts ~ ·Jhen cri l ling, ground barite (BaS04)or celesti tt"! 
(Srso4 ) arP addqd to the drilling MUd to incr~ase the weight of the mud 
column. 'l'he addition of colloi dal ben toni tic cl a ys as sUits in holding the 
h~avJ materials in s uspension. 

Depo of drilling clay P~e usually to be found at or very 
close to the surface, and m·e mined by simple strip-pit methods using 
light weight mech&ni~al shovels, drag lines, or scrap~rs, Processing of 
the raw material may involve air-drying in a ~hen and grin•ing to about 200 
mesh, or, in the case of the more valuablP clays such as metabentonite, 
the material is dried in rotary kilns or gas firPd furnaces and .then 
ground to the desired size in haMmer mills. ~~P clay i s usually sold in 
100 pound bags. 

As drillinf clay is a bulky, low cost comModity, its source must 
be as close to +he point of consumption · s possible. Drilline clay sells 

" ... for .4 to ·~10 per ton. The hi¢ler pricAd clays, used where drilling 
conditions are es-='ecially difficult, are sold under various trad" names .• 



sc. 

Specialized drillin~ clays find th,.,ir preatest a :_..,,lications in the Gulf 
Coast oil fields, v1her~ gas press\ll"es are hi@h and drilling conditions 
are difficult. Sp-,cialized drilling nuds find some application in othe 
oil field localities in the Trinity River ~~ibutary area, but are ~ot as 
widely used as these in the Gulf Coast fields because of generally more 

· favorable drilling conditions, and becaus~ in some instances the shale 
fonnations penetrated in driJling Jiold satisfactory mud materials with­
out the addition of specialized dtilling clays. The future demand for 
drilling clay from deposits in the Trinity River tributary area will 
depend in larf.e measur~ on drillinp activity in and adjacent to the area. 

Occurrences of Drilling Clay in the Trinity Riv~r Tributary Area 

No production of drilling elay is reported from thA '£rinity 
River basin althoufh any of thP. reported occurrences of bentonitic clay 
from the Eocene Jacl<:son r.nd Claiborne groups or thP Miocen~ Catahoula 
formation of the Gulf ~oastal Plain may be acceptablP. as hi£h grade 
drilliDF clay. The location of reuortPd bentonitic clay occur~nces in 
the Trinity hiver basin are given under Bleaching Clay. 

In th~ Trinity hiver tributary area outside the drainag~ basin, 
drilling clay is ~ined from the Jackson group of the Eocene in Angelina 
Couaty an~ from 1oc~ne strLta in Hopkins r.ounty. On the High Plains 
west of Texas, dril l ing clay has been reported from Pliocene formations 
in Bail~y, Briscoe, Cochran, Crosby, Dickens, Donley, Garza, Gray, Hartle~ 
Howard, Lamb, Lynn, and Terry Counties. In 1943 Howard end Terry Counti~s 
produced drilli-s clay. In the Trinity River tributary area in Jklahome 
occurrences of bentonitic clays of Pliocene a~e, suitable for drilling 
clay, are renorted from ~laine, Dewey, Ellis, Haskell, Roger Mills, 
Ylagoner and ·rood ward Counties, but no nroduction is in ">ropre-ss, 

Reserves 

In the Trinity hiver tributary area ~robably unlimited rPserves 
of clay and shale suitable for drillinr clay are present in the Tertiary 
formations of th~ Gulf Coastal Plain and in the High Plains. 

Producing ~ompanies 

The companies and location of ~its ~educing drilling clay in 
the Trinity River tributary areaare given in the following table: 

Name of Company 

c. A. JonP.s 
Tri County Clay Co. 
Xact Products Co., Inc. 

Location 

Howard County, Texas 
Terry County, Texas 
Ang~lina County, Texas 
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Production 

The production of drilli.g clay for the 10 year period 1935-1944 
in the ~inity River tributary area is given in the following table: 

Year 

1935 
1936 
14J37 
1938 
1939 
1940 
1941 
lg42 
1943 
1944 

1J Estimated 

Short Tous 

No information 
No information 
14,000 

8,000 
No information 
No information 

5,500 
7,601 
9,321 

11,000 

All data from Unit~d States Bureau of Mines 
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DOLOJ.:ITE Al'D l:AGl~SIAN LD~ESTONE 

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

Dolomite rock and ma~esian limestone are sedimentary rocks 
com:_:!osed ~hiefl~r or partly of the mineral dolomite. This mineral is 
medium hard (l~ohs scale of hardness, 3.5 .to 4.0, slir,htly harder than 
calcite) and oomparativel~r heavy (sp. r,r. 2.6 to 2.95). Its chemical 
com~oaition is Cal~(C03)2; theoretically it contains 30.4 percent CaO, 
21.9 perce::1t I:go, and 47.7 percent C02. Uost natural dolomites contain 
iron or man~~nese replacing a portion of the macnoaium. 

Dolomite rock had a spectacular demand as a source of metallic 
rnar,nesium during tho war. A plant at Austin, Texas., south of the Trin­
ity River tributar~r area, manufactured mae;nesium from dolomite quarried 
in the Llano-Durnet area and m~cnosium salts obtained as a by-product 
in refininc ,otash salts at Carlsbad, !Tevr IO::exico. Uar-nesium metal is 
used for signal flar~s and incendiary bombs; alw.un~mnbnosium alloys 
were used in the manufacture of air,lanes and airplane engines, where 
li~ht weight and strengtll arc -:1rime considerations. In 1943, which was 
the first !!ear of greatly ox,anded mar,ncsium metal production in the 
United States., 887.,830 short tons of dolomite rock or 25 percent of 
the total dolomite rock produced s,ecifically for tho mnr,nesium content 
were used for this purpose. 

Dead-burned and untreated dolomite a~e used as refractory 
lining or motallurcical furnaces. Dolomite is also a raw source of 
na,:nesia (ItO) which has refrectory and other uses. Before the war 
the refractory uses of dolomite rock end dolomitic limestone accounted 
for five-sixths of the United States ~reduction and in 1943 about 70 
~orcent of the total dolomite production was for this purpose. 

Dolomitic li~cstono is used by ,aper mills for tho making of. 
sul~hite pulp o.nd dolon1ite is usod for making basic magnesium carbonate 
for heat insulation. These tvro uses included about 8 percent of the 
total ~reduction in 19~3. s~all amounts of exceptionally pure dolomite, 
that is, free of or very law in iron., S!'ecially :vrcparod as dead-burned 
dolomite e.nd sold under the trade name Calcimae;, aro used in r,lass manu-
facture. 

TI1c economic aspects of future production of dolomite rock or 
dolomitic limestone in the Trinity River tributar~· o.roa do:?ond on many 
factors of com~ctition and sup,ly. Dolomite rock suitable for produc­
tion of metallic mo.r,nosiun cc.n bo obtained in parts of Te>:as outside 
the Trinity River tributary aroa nnd ono such deposit is already trell­
dcvolopod and provided nith transport and uroduction facilities. Dolo­
cite rock fro~ this deposit can be ~roducod and shipped cheaply and tho 
de~osits would compete with dolomite produced from within' tho tributary 
area. Additional competitors of dolomite ~d dolomitic limestone pro­
duced. in the Trinity River tributary aroa arc the potash minos of Now · 
l~xico, which aro potential producers of maenosium salts, chiefly sul­
!'hato and chloride .. and tho ohc.mical plants nlong the coast of Texaw· and 
Louisiana which produce or can !roduco magnesium salts and metal econ­
omically. 
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Occurrence of dolomite nnd dolomitic limestone 
in the Trini t!' :aver Tri butar:r Area 

101. 

r o dolomite or dolomitic lir.~stone or importance is known 
fron the Trinit~r River ra.sin but doionite and magnesian limestone are 
abundant in other ~arts of the tributary area. The Arbuckle 6roup in 
the Arbuckle and Yriohi ta r:ountains of southern Oklahoma is o~· Cambrian 
and Ordovician a~e and has r.reat thicknesses of hirft-~rade ~developed 
dolomite rook am ~arnesinn limestone. The Central Uineral Rer,ion of 
Texas also has thicl~ and extensive dolomite deposits but t~ .eir outcrop 
is south or the Trinity River trib~tary area. A fe'w dolomitic limestone 
beds are known from the Penns~rl vanian rocks of Oklahoma and Texas. VIide· 
s~read but thin beds or dolomite and mar,nesian limestone are present in 
the Permian rocks of the vrestern :r-art of the Trinity River t::-i butary 
area in northern Texas and western Oklahoma. 

The Arbuckle r:roup in the Viiehi ta and Arbuckle llount~>.tns is 
more than 71 000 feet thick but it has been studied in detail in only a 
few places. The 1\.rbuclcle r,roun has been subdivided into a nwnber of 
formations. The lower part is Canbrian in a ~e and it has been divided 
into t he Fort Sill 1 Ro:'er, Sienal i:ou."l.tain and Dutterl~r formations. 
The upper ~art is Ordovician in a~e nnd has beon subdivided into 
I:ci~enzie IIill, Stranr e, Cool Creek, I~ndblade, and 1·iest Sprin!is Creek. 
Ten miles south or Dnvis in 11urray County the lower 2,250 feet of the 
erou~ is ,redoninantly mar nesian and 1 1 500 feet or this thickness is 
close to pure dolomite in con?osition • 

Southwest of I:ill Creek 1 Johnston County in the Arbuckle l:oun­
tains the Ro~rer dolomite crops out over a wide area. Dolomite is also 
present north or Ilill Creel-c. Antuyses of samples from beds in the Royer 
range from 18.7 to 21 •. 5 percent UgO. The Butterly dolomite is present 
only in the Arbuckle I.lountains. ro anal~rses from this dolonite are 
listed in the literature. The Stran~e dolomite crops out a few miles . 
northwest or Lawton, Comanche County, but is !'"!resent only in the Vfichita 
r:ountains. It is a high-r,rade dolomite v:ith beds 80 feet thick. Anal­
yses rnne;o from 20.5 to 21.8 ;:->ercent LigO and average 21.0 percent. 
Dolomite also crops out 9 miles south of Gotobo, southeastern Kiowa 
County. Ana~~rses or this material ranr.e from 18.3 to 20.7 percent l.!gO. 
The I~indblade is also a dolomite o.nd the West Sprinr, Creek formation 
contains some dolomite in the eastern Arbuckle I~ountains. These forma­
tions have not been studied in detail end no analyses have been publishe 

Pen.Yls;'l vanian lirl:estones in northeastern Oklahoma ar~ known 
to be in part ma~nesian. The Vfildhorse limestone in sec. 21, T. 22 1!. 1 

R. 10 E. contains 10.0 !>ercent l~e;O but the formation is only 10 feet 
thick at that localit~'· Other formations in Oklahoma containine magnesi 
limestone are the Avent, Dewey1 and I:ogshooter lir.testones. In Texa·s a r 
reef-lil::e masses in rooks or the' Canyon area of Pen.Ylsyl~nnian a e;e may co· 
tain ma00esi an linestone • 

Dolomite o.nd dolooitic limestone occur as thin beds in several 
Permian red bed formntions vrhich croo ou·•. in the western nart of the 
area. {See Fig. 11.) The dolomite beds in the l'err:tinn strata are a 
part of n series of cheoioal preoi~itates formed in dessication bnsins. 
There is an a:"pare~t c~rclic repetition of e;reenish shale, dolonite, and 
C~'?sum or a..""llr.,rdri te overlain b:• red shale of preswnably continental 
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origin. Underground, ?rhere '?rotected froin erosion or removal by solu­
tion, sodium chloride and other readily soluble salts commonly overlie 
the gypsum as a continuation of the dessication c~·ele. The dolomite 
beds are at the base of the main gypsum beds on the outcrop and are 
transitional with them. The contact zone is fairly sharp but marked by 
interfingering of the two materials. 

In tho Texas part of the tributar~· area a dolomitic limestone, 
the l~rkel, occurs near the top of the Permian Clear Fork group and 
extends throuc;h Run."'l.els, Ta?lor, Jones, Stonewall, I~nox, and Foard Coun­
ties, Texas. Ordinaril~r it consists of dolomitic limestone from 1 to 2 
feet thick or two sepa·rate stratn aboJJt 2 feot thick separated by a 
shale break. 

Dolomites appear at tho base of several gY:>Surn beds in the 
Blaine o.nd Doc Creel:: formations across Coke, nolan, Fisher, Stonevrall, 
Ian~;, r~nox, Foard, Cottle, Childress, and I:ardeman Counties, Texas. Of 
these dolomite bods the Acme dolomite is 1 to 10 f'eet thick, and the 
Guthrie is 2 to 10 feet, the Dme;um is about 3 feet, the Childress is 
not more than 2 feet thick, and tho Swect?ratcr dolomite is from 1 to 3 
feet thick. Solution of the underlying g~•ps.um has made the dolomite 
beds slump and break into great piles which could be quarried with ease. 

Stratir,raphically one of the hir,hest beds of dolomite is the 
Alibates. This rock is found alonr. the Canadian River in Potter and 
l~oorc Counties (10) !/• It is a massive, white, crystalline dolomite, 
cherty in places, usually ser>arated by shale into two beds, of which 
one is about 9 feet thick and the other about 2 _f'eet. Thicknesses up 
to 11.7 feet nre reported. This dolomite contains acid-insoluble resi­
dues of 1.16 to 2.16 percent and R203 of 0.36 to 0.64 percent. 

I~ southwestern Oklahoma three thin dolomite beds have been 
recognized in the Blaine fonnation of Permian age. The nanr;um dolomite 
is located nenr the to' of the Blaine formation. It contains more than 
5 percent silica and may ~e hir;hly calcitic in some locations. Thirty 
feet below the Mangum is the Creta dolomite which is 1 to 2 feet thiol~ 
ar.d is very ?Ure. In the northern part of the southwestern Blaine out­
cro~s the Jester dolomite occupies almost the same strnticraphio interv~ : 

as the Creta in the southern part of the area.. Eorth of the Canadian 
~iver 4 dolomites have been recognized in the Dlaine rormation. These 
dolomite beds are 1 to 2 f'eet thick. 

The · . .'oodwnrd r,roup which is divided into the Dog Creek, \lhi te­
horse, Dn~· Creek and Cloud Chief members overlies the Blaine formation. 
The most prominent dolomite bed in the rToodw..1.rd group is the Day Creek 
dolomite which ranees up to 5 feet and avernEeS 2 feet in thickness. 
The Greenfield dolomite occurs near the base of the Vlhitehorse sandston~ 
A."'!.alyses shovr a EcO content of 20.08 and 25.28 percent. · 

In the ~'fentherf'ord area two dolomi t .es are recoGnized in the 
Permian rocks. The lmrer bed is the Greenfield dolomite GO f'eet below 
the tor> of the 1'1hi tehorse and the upper bed is at the base of the Qua.r­
enr.aster formation. The bed at the base of the Quartermnster is 6 to 

1/ See reference in bibliorraphy. 
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15 feet thick nnd is probably equivalent to the Day Creek dolomite. In 
the ~·:eatherford nrea the Greenfield dolomite may contain more magnesia 
than theoretically pure dolomite. 

Reserves 

Reserves of high-grade•dolomite in the Arbuckle group in the 
Arbuckle and 1Hchita JC:ountains of southern Oklahoma are very great. 
Althou~h studi~d in detail in only a few places it is probable that over 
1/5 of the 7,ooo-foot Arbuckle grou~ is composed of high-grRde dolomite. 
Quarr~.' sites arc plentiful but transportRtion facilities are available 
at only a few plncos. The .various thin dolomite beds in the Permian 
rocks of the Trinity River tributary a.rea can be traced ir. Jutcrop over 
z:rcnt distc.nces. The ':nurcnu of Econortic Geoloz;~.r of the University of 
Texas has cstinc.ted reserves of 30,000,000 tons of dolomite and dolomiti• 
lir.!E!stone from Permian rocl:s within the Texas portion of tho Trinity 
ni ver tri butnry area. f.t least c.n equal quantity of materio.l is avail­
able in vrestcrn Oklahoma. l!O\"revor, it seems at present i~robable that 
the Permian dolomite bods will be utilized in the near future except 
possibl~.' for local use as crushed stone or buildinr; stone because of the 
e;reat reserves of hir,h-r.:rade rock available in the Arbuckle and \"lichita 
r:ountains ,.-ri thin the tributary area, in the Llano-Burnet Rer;ion south 
of the tributary area, a."ld elsewhere in the United States. 
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. G~UI! Al!I> Al1UYDRITE 
lCI • 

D. t:. I:inney, Unitec States Geological Survey 

G:':'s\.Utl, (CaS04.2n~o) and anhydrite (CaS04) are widely distrib­
uted in the Permian rooks of western Oklahoma and north-central Texas. 
Rook r,ypsum crops out along the main drainages as white lede;es, frequentl 
tinted by included impurities or surface stained by the enclosing red 
shales. Gypsum eives way to anhydrite dCII'n .. ·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. 

GypsW!l is very sort (I!ohs scale of hardneas, 2 -, easily 
scratched by the fineer nail) and lir,ht in weir,ht {sp. r,r., 2.3 ): anh~'­
drite is harder (hardness, 3 to 3.5) and heavier (sp. gr., 2.9). V~en 
cr!•stalline and relativel~· free fror.t inclusions, ci'Psum is called sele­
nite; g)rpS\.UTl vrhen mixed with clay nnd sand is l:nown as gypsite. Vfuen 
calcined between 3ooo and 3500 F., gypsum loses its water of crystalli­
zati c- ·· and a product, 2(CaS04).:~"0 is formedr calcined GYJ'>Sum U!)On the 
addition of water sets to a smooth compact material. 

A~proximately three-quarters of the total Unied States output 
of gy!)sum is calcined a~d used in the building trades as the base for 
plaster, Keene's cement, n~d ~abricated lath, wall board, sheathing 
board and tile. The remainin(. one-quarter of the United States produc­
tion is used princi~all~, as a retarder in Portland cement: a small quan­
tit:· is used as agricultural ~rpsum. .An."lydrite in small percentaeea oar.. 
be substituted for ~psuo as a retarder in Portland cement; it can also 
be used as an acricultural fertilizer, and as a natural mineral fille~. 

G:~sum is quarried in o~en pits and is ~hen calcined in kett:es 
followinc; crushing and g:rindin~ or in rotary kilns following crushing 'to 
uniform size. The product of the rotar~· kiln is frequently ground to 
size while the calcined material is still hot to achieve a 1nore uniform 
product. 

Besides adequate reserves of crude g!.rpsum rock, the require­
ments for the establishment of a f:~":'SUJn•product plant are cheap fuel for 
calcining and cheap transportation to population centers vmere the 
finished product can be marketed. Duilding materials oan stand only 
limited ~ransportation cha~es as the~r must compete with material from 
other producing localities; because of this gypsum plants are located 
alan~ established railroad lines. At the present time the nrinoipal 
markets for gypsum ~roduced within the Trinity River tributary area 
are the lar~e cities within the area. Calcined gypsum and gypsum prod­
ucts manufactured in Colorado, Kansas and Arkansas limit the market of 
Trinity tributary area plants in a northerly and, to a lesser extent, 
in an easterly direction. 

Un~er ~ar time construction restrictions the demand f or g~~sum 
~roducts lagged exce~t for pre-fabricated buildine material which made 
remarkable f:l:'.ins. l':ith the removal of building restrictions the demand 
for all calcined r.:~sum ?roducts should increase greatly. 1n addition, 
the use of r,y~sum as a retarder in cement, and as fertilizer in agri­
culture should create a stro~ derAnd for the uncalcined ~roduct. 
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Oeourrenoes Within the Trinit:r River Tributar~' Area 

Oc.currences in the · Perm-inn n.ocks . -------- .. ------- .. -·-____ _....... 

· \iithin the Trinity River tributary area the con~erically 
important gypsum deposits are confined to sediments of ~rmian age. 
The Permian ~rpswn-bearing beds crop out from V/oods County, Oklahoma, 
on the Kansas border southward to the valley of the Colorado River in 
CoY.e County, Texas, a distance of about 400 miles. The g~~sum-bearing 
beds continue northward into Kansas; south of the Colorado River the 
Permian rocks are covered by Cretaceous and Tertiary deposits. No 
Permian rocks crop out within the Trinity River drainar,e basin, and 
(~~sum deposits associated with these rocks are lik~rise outside the 
drai:tB.ge basin. 

The e:Yr>S um beds thicken, thin, and in man~, places, lens out 
entirely alone: the line of outcrop. However, a single bed or series 
of beds at a ~iven locality is remarkably consistent both in grade and 
thickness. The gyps~bearing shales commonly form escarpments or low 
hills; a notable example of this topocra~hic expression of the gypsum 
bods is tho G~'Psum Hills along the southwestern side of the Cir.lBrron . 
River Valle~.' in Oklahoma. 

necionally, the cypswn-bearing bed.s dip very gently to the 
west. Eas~1ard and westvrard flmfing streams cutting through the flat­
l~ring beds have civen the line of outcrop a highly serrated appoarRnce. 
The c:ypsum and anh~•dri to occur in the Dlainc and ~loud Chief formations 
in Ol:lahoma and the Double z:ountain formation in Texas. Individual. beds 
!!lay be locE..lly as thick as 60 feet and beds 20 fe ·:lt thick over large 
areas are common. 

Other Occurrences 

Anh~·dri te and some gypsum have been found in wells in the 
Trinity and Fredericksburg divisions of the Cretaceous in Parker and 
Frecstono Counties within the Trinit~· River drainage basin o.nd in 
Fannin, Comanche, I!ill, and Panola Counties outside the basin; anhydrite 
also occurs at depth in tho cap rocl~ of salt domes at a nUI!Iber of local­
ities within the Trinity River basin. lTone of these deposits are of 
commercial imr>orte.nce at the present time. The distribution of tho 
gyps~bearing Perl!lian and Cretacoous rooks and the location of gypsum 
,roducts plants in the Trinity River tributary area ar~ · shown on the 
accompanying map. (Fie. 12.) 

Roserves 

It has been estimated that in Oklahoma alone, reserves of 
125 billion tons of gypsum within 100 feet of the surface are available. 
In the ontire Trinity River tributary nrea the reserves of rJ~S~ 
should be considered unlimited. Roservos of anhydrite are many tbnos 
those of g~~sum, but they are l.Ulder considorabl~· greater cover. 
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EXPLANATION 

Permian gypsum-bearinc;; rocks 

Gy!JSum products olants 

1 Concho Sand and Gr!1 vel Co.,O'Koene,Bio ine Co.,Okla. 

2 U.S. Gy p sum Co.,Suut h 'lrd, Bla ine Co . Qf{lo . 

3 Un iversal Atlas Cement Co. , WtJiongo, Blaine Co., OkiiJ . 

4 Cen'lin -t<'e rl Products Co., Acme, Hardeman Co., Te xas 

5 Celote :oc Co., Homlin, F i sher Co., Te xos 

6 Natior.ol Gypsum Co .• Roton, Fisher Co., Texas 

7 U.S. Gypsum Co.,Swee,woter, Nolan Co ., TeKas 

Y Co L· :-: t ~ es ·.vheie gyps um and anhydr i te iv we b een reported 
1n drill holes from Cretaceous rocks 
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Produein~ Companies 

Opera tin~ companies vrithin t~e Trinity River tributary area 
plant locations, and plant capacities are listed below: 

Oklahoma 

Concho Sand and Gravel Co. 0 1 Keone, Elaine County Closed in 
1942 for dur• 

u. s. Gypsum Co. 
Universal Atlas Cer.:ent Co. 

tion of vrar 
Southard, · Blaine County 4 I~ettles 
V.'atone;a, Blaine County -----~··· ·-

Texas 

Certain-teed Products Co. 
l;ational Gy!!Sur.\ Co. 
Celutcx Co. 

(Formerly Jexas CeMent 
u. s. Gypsum Co. 

Acr...e, Hardeman County 
Rotan, Fisher County 
Hamlin, Fisher County 

Plastor Co.) 
Svreetwater, Nolan County 

5 Kettles 
4 Kettles 
9 Kettles 

6 Kettles 

The Universal Atlas Cenent Company mines t.~•psum for use as 
a retarder in Portl~nd cement end does not calcine its output. The 
rational G~'!'surn Cor...pan~· is reported to be doubline; tho capacity of its 
calcininG plant. The Concho Sand nnd Gravel Compnny produced crude 
g~I'"'Jsum in 1942, but closed dcnrn. for the durntion of the war. 

Procuction 

G•rpsun output of the Trinit:• River tributnry aroa for a 
ten-~•ear !'eriod is givon in the f'ollow·inc tnble: 

PTIODUCTIO!T OF GYPSUi~ Ir TTIE TTII17ITY RIV:R TniDUTA."lY .An:I~A 

Short Tons Crudo Ve.1ue in Number of 
Yoar Gi:Esum Produced Dollnrs t.a.ncs 

1935 304,960 290,508 8 
1936 372,227 302,128 7 
1937 410,104 534,656 8 
1938 360,178 461,0~5 7 
1939 410,745 431,892 7 
1910 491,374 . 578,187 8 
1941 663,054 746,951 7 

.1942 613,993 751,065 7 
1943 618,944 796,1S3 6 
1944 518,640 803,159 6 

Data from United States Bureau of J.!inea 
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6en1Mir. nr~n~h Uhrarv 

D. 1:. Y.inney, United States ~ol'ocical Gurvey 

:rrelium is a ver:.r lir,htweir.ht. ehe~licall!• inert t;as found in 
small :>ereentnr,es in certain ':'etroleum nat\:." al ~as fields in the United 
States. It is colorless, Odorless, end tas~eless r.nd, bein~ ehemioal:~r 
inert, it is nonpoisonous, r..oninflat1:.-:ab1e • . end nonexplosive. Of all 
~ases ~eliur.t is t!lEl r.1ost difficult to liq_¢fy a.."ld solidify. 

The :'rinci!'al use of helium is in -lt"~htor-than-air craft vti ~e..,.v 
its crent lifti:'lf. !>Ovter {onl:' C perce:-tt less "';~1an hydror;en, the lic;htr .H 
of tho cases). r..:1t'. its noni~lacr.'lability ma~:e it ideal for this purr>o~e. 
:Jefore the wo.r over ~0 re:·cent of the United States output vre.s used f:.r 
li rl:ter-t!1an-air craft, anc durin::; the \Var this Y'ercentace prot-ably 
increased c;reatl~'· 1>..~.'1 increas inr; quantity or helium is bei::'lC used i n 
t::e ::leclical J)rofess ion ir. t~a treatr.:ent of ,.,~l!Jonar" disee.ses such a.> . . ... 
asthna_, and i::. anest~1etics. A sir:dle.r use of helium is i.n divi:r..g hcJ.· 
rnets end cnissons to prevent the occ~;~ational .:lisease known e.s the 
"benG.s". ~uri:-.r: the war hClliur.• vras used to ::rovide an inert atr.1os ;.>ht;l ~ a 
in '\"teldi ~~ rr,nc;nasium r.nd an incrcasin c: usc · i r-. r::etallurgy followin~ t~"\t 
-rrar is '"'robable. The use . of helium a::; e. tracer r;as b!' the petroleum 
industr:• to deternine the extent of' underc;rou.'ld rnic:re.tion of nntural 
p:as or r.ir thr.t is inject~ci. ill '!'>ressure mainte::1an'ce or cyclin~ npara­
tions probably ,·ill be or.~ o:' the most irnportent peacetime heli,;.-n devf 1-
ne:nts. Ot!:£-r uses of hel::.~;m are in radio tu'bes e.nd electric si171s. f c. !' 
coolin~ electrical equi:'I:-tent, and in sneoific he&t determine.tions and 
other scientific research. 

::el ium is se.,Lrn.ter: frot'\ the other constituer..ts of naturnl 
r,os '!:>~, a nrocess v:h:cl: i m·ol-res liquif:rinr. all the constituents of' t ,, 
~P.s exce""~t the helium. T:1c refined h oliurn which is about 98.2 perce:"'1 
"""ure ia s~;ip-:'led in t enk c Hrs or in St'\all ~as cylinders ~"lder pressure 
and the remaininr, ens sold as a fuel. 

Until the vrar. tl: e Pa~he.ndle eli strict of Texes hnc4 a virtu:.J 
::1ono':'ol~· on helium ~roc!t:ction. nnd t hat :listr ~ ~t prcbabl~r is still t~ 1, 
nost im:"lortant heliun source bcco.uso the Du:-M.u of l:incs Amarillo r.nd 
r:xell l:clium Pln."lts ere r:car Ar.o.rillo in Petter Cou.."l.t:•. Texas. To ~'3 • : t 
increased llemnnds b:• the .Ar;.,ed ?orcos . ro:· !1eliur:t, tho 'Sureau of Eines 
nlso constn1ctecl and opn·o.tcd :1el i un p!e.nts nt Cunninr.;ha'::1 a:;.d Otis • 
!:n:r:sas, n~d ~hi:>rock, i~ey.· !:exico. The Shiprock Plant pr-oce.sses f!:ElS 

produced in the nearb~· P.nttlesns.!~e fi eld, ~o.n Juan County. !~eVI l:exicu, 
V.'"Lere heliur.t-~earing e;as ,_ ,·as discovered in H~2. l:t'.turo.l c:as contr. in~i1P" 
helium is nlso kno\·m from southeastern ColorAdo, eastern Utah, and sr "..lt; 
enstc::rn Ohio. Dcdnninr i n 1927. small, pr ivc.>.te_l!r-ovmed plants vrere 
o:>ere.ted interJdttentlr at Dexter, !~anse.s. a~d Thatcher, Colorado. but 
these p~ants vrith related helium-benrinr, natural gas properties were 
:mrchasod b~· tho Govornr.1ont in 1 C38 and have norr been disnantled. The 
r:ovcrnment- built !'lants in Texas ha vc enourh capacity to exceed the, ,. 
normal ncacetime der.and. 
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Oeourrenc~ ot Tielium i~ the Trinity River !ributRry Area 

I:elium in ne.ture.l rDs Wl'.S first identified in 1905 from a 
uhallow r:as well a~ DeY.ter, ·ccmle!• Count~·, Xanaas, about 13 miles north 
of' the Oklahoma borC:'3r. r.O\"tever, the f'i.rst ex::'erimental production was 
in 101e from ~ilot ~lants o~~reted under the direetion or the Bureau or 
l1n~s at Fort llorth in Te.rre.nt Count~,, e.nd Petrolia in Cla:r County, 
Texas. The natural f" &:O used b~· these pilot plants wes from the Petrolia 
~s field in northern Cley County, about 30 miles north of the Trinity 
River Daain. Followi~~ the war a lareer plant was constructe~ at Fort 
~'iorth t- nd O!)erated until 1S'29, when the Dureau of J ~ines Amarillo I:elium 
Plcnt was o,ened, 

The heliur.! ~ln~t ~t /J~arillo wns built to ~roccso natural ras 
fror.l :the Cliffside r as field ) n ~"'otter County a l,out 12 T.iiles northwest 
of /.rnarillo. The C-ovc rnme nt he.s acqui red the r:ns ric,hts in about 50,000 
acres, the entire Clif fs ide _t-as fielc!. The ~ns is :"~ro .. :uced from Permia~ 
roc}:s at de::>ths ranr.;i!'lr, i' r on 3,200 to 3 , 600 fe et anc.1. i s unde r pressure 
of nore than 600 ~oun<.l s ~r squr.re i ·.1ch. The heli\.ur. c onter.t of the 
Cliffsii.e nntural ;.as is n'.Jau.t 1,0 perce::t. I n fifte en ~·ears of opera­
tion onl~· about 3 perce: .t oi' t he ~as reserve " of the Cliffside fiel cl 
have beE;n used f or t}~e ~roc.h!ct :_ on of helium by tho rJovcrmnent. The 
residue ~;as fnllowin~ helium e;:tract :. on is solei in the cit~· of Amarillo 
for fuel. 

Durine; t he w r, the Exell I:elil.un Pla~t, :i t h e. ct.pacity of 
6v million cubic feet per ~'P-Ar, v;~>,s built at ~ell, ::; o miles north of 
Junnrillo, to !lrocess r:;as i' ron t he Cha:•nine; area, which is in the south­
"r·estern pe.rt of the rm i n ~£\~£~.neUe f i e l d in l'oore, Pott er, Oldham, Rnd 
; ~ E>. rtle~.' Counti es, Texns. Fr,turt~-1 : as in the Channi ng area carries about 
1 percent helium. 

Other areas i n t he Tr: ni t~r ni ,rc r tr i butary P.rea which r.llly con­
tain as much as 0.5 ;1ercer.t heliUT.i i n nl\tural ras arc northwestern Osage 
County, Oldal'.oma, a southern extension of t he d iscover~' area in Cowley 
Count~·, Kansas and southuest of the ~'etrolia f ield in Brown and Coleman 
Cou~ties, Texas on t :1e sout~1er:1 boundar :: of the Trinit:r raver tributary 
area. 

Pntural ; e.s reserves of ":he Cl ::. rrsi c.0 fielc! have been conserv­
nt i vel3r est i :rnateC: e.t lOO,OOO,OOO, COO c. t·.'. ' :~. c f eot containi ne: l,~oo,ooo,ooo 
cubic fo ot of helium.- Ll t~1ot;:h roservos of' h·- 11 um in the c ; ~ e. :~nil'lt: area 
have not beon ;:->ublishec.~. , t he:· e. r e ,.,robe.=.l~· r rea:t c r · than in J~he CHfi'side 
field. Doi:"~e of the heliun in the r as i'ron: the Cha!lnin~ field is re!'!l.ovec :i. 
the r..xell Plant Y;hi c!1 -.roce::;scs COmr.lerc :.al ~'" AS flovtint to re ~ular domestic 
and cor:ur:erc i e.l consumers. The heliU1.1 is recovered whether e. market exists 
or not, the volume of heliur:~ in e .AI.less of :.1arket req ,.! irer~ents being trans­
!'Orted throug:1 a h i r,h pressure pipeline 0?":1roxir.Jc.tely 12 miles to the 
Government-owned Cl iffside c o.s .fiold where it is i nje~ted 
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and stored for future use. The natural ~as in northwestern Osage County. 
Oklahoma e.nd the area southwest of the Petrolia, field, Texaa, contain 
considerably smaller ~rcentages of helium and the reserves ~re, in 
large part, depleted b~r the production of oil. These areas cannot be 
regarded as important helium reserves in comparison with the great 
reserves in the Texas Panhandle area. 

Fiscal Year 

1934 
1935 
1936 
1937 
1936 
1939 

. 1940 
1941 
1942 
1943 
1944 
1945 

Production 

Bibliography 

Cubic Feet 

6,534,270 
10,218,460 

-1-,663,355 
4,609,230 
5,830,752 
6,281,906 
S,450,855 

16,173,430 
29,962,530 
58,951,155 

137,268,144 
128,431,764 
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carbon dioxide and hydrogen sulphide in Geoloe;y of :Natural Gas by 
E. A. Ley, et al, pp; 1053-1064, 1935. 
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~. Stevre:rt, A., About I-Ieliur.1: u. S. Dureau of Ei ,les Inf. Circ. 6745, 
P?• 1-46, 1933. 

5. Tyler, P. H., !~inor industrial minerals, in Industrial J,:inerals and 
Rocks, Amer. Inst. t.:in. and ~~et. Engs., pp. 519, 1937. 



Preface to chapter on Limestone, Caliche 

and Shell Ueposits 

. .._ .... The uses of lim,estone are so many and various '.;hat; limestone 
1~ ... rea~.~d ~der sever~l .• 1eadings •. Limestone for aGricultural, metallur­
g_cal, Ct1em1ca1, and Slnular uses 1s trenJced on pp 112 122 L' t d d · · . . • - • 1mes one 
use as lmens1on s~one m tne building industry and as crushed or broken 
stone f(or construct1on purposes is discussed in the c:1apter on Buildin.,. 
St~ne ~P• 66-77). The use of limestone in the cement industry is des~ 
cr1bed ln the chapter on Portle.nd Cement Materit.\ls (.ppe 127-133) and the· 
occurrence and uses of dolomite and magnesian limestone are disc~ssed on ' 
Pr>• 100-104. 

stone in w'tlich the spaces between the fossil sne.l.J.S are nu" wuu..~..~ . , 

filled with natural ce~enting material. Chalk in its pure form is a~ 
earthy or pulverulent limestone of loosely cemented, very fine grains 
of calcite or microscopic calcareous fosstls. Lithographic limestone 
is a hard limestone or uniform microscopic grain size. 

The admixture of other minerals or ~edimentary 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 bed4ing 
or only crudely bedded. Th1e to its nature as an evaporation residue 
it is mixed in varying proportions with soil particles such as sand 
or clay. 

Shell deposits a~e the remains of ancient shell banks of 
marine or brackish water origin. Nearly all shell banks of the Texas 
Coast are compos~d predominantly of the loose valves of dead oysters 
or the common oyster species, Ostrea virsinica (G~elin). These 
shells are composed of calcium carbonate (caC03) and small quantities 
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or phosphatic and organic substance~. Freshly dredged shell deposits 
also contafn traces of co111110n salt (NaCl) • which can be removed by 
washing ~ith trash water. 

Because limestone is· tound in great abundance in almost 
every country ot the world, it has been used by man since very early 
times. In agriculture, limestone· and related eeologic materials are 
used raw or burned as liming agents tor the improvement ot soils. 
These liming agents are spread on soils that are too acid or which 
are defici~nt in lime. Their effect is to neutralize soil acids and • 
acid clays, to release plant food elements trom some· soil minerals, 
to supply calcium or calcium and magnesium as plant rood elements, 
to promote the growth ot some crop plants such aa 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 geolOF.ic materials used tor these 
purposes are quicklime and hydrated lime der . cld trom limestone or 
oyster shells, crushed or pulverized oyster shells, and calcareous · 
marl. The chief porperty ~r 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 caicium 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~esh screen and range down to dust size. 

In construction, limestone is used as a raw material in the 
roan~f~~ture of lime and cement and as building stone; these uses are 
di~cussed 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 1'or these pur­
poses must burn to a ~nita 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: ~s flux in. 
the smelti1~ of metalliferous ores (in blast fUrnaces for pig iron; 
basic open-hearth process for steel; electric steel furnaces; non­
ferrous~etal smelters·ror copper, nickel, lead, zinc, gold, silver, 
antimony, and other metals), in ore concentration including eyanida­
tion, and in wire drawing. Some chemical .uses or products are: acid 
neutralization, liquid and powder bleach, calcium carbide, cyanamide, 
precipitated calcium carbonate, chromates, gas purification, insecti· 
cidcs, fungicides, disinfectant, calcimdne, 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 . 1 United States 
used 22.5 percent for agricultural purposes, 5.7 .percent for constructior 
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purposes exclusive of buildi ng stone , railroad ballast, ripra· , road 
material, and concrete ; and 71.8 percen~ for m~tallurgical, chemical, 
and other industrial purposes. The total tonnage for these uses was 
43,279,129 srort tons; this fipure does not include dolomite and dolo­
mitic limestone, which are discussed in anoth~r chapter. In short, 
limestone is the most useful and most versatile of the stones used 
in our economy. 

~eng the agricultural uses in the United States crushed 
limestone is the most important, ( 8, 724 ,16(, short tons in 1940, or 
90 percent of total agr i cultural uses); next is lJ mP. flton e burned to 
lime or hydrated lime (886 ,500 short tons, or 9 percent), oystnr 
shells (92,213 short tons, or less than 1 percent), and palcareous 
marl (25,516 short tous,or about 1/4 of 1 percent). 

Among the chemica l and industrial use-·s in the United States, 
limestone for flux in various smelters is the most important, 
(22,856,910 short tons i n 1940, or 73 percent of total chemical and 
industrial uses). 

Li mestone is obt~i r. ~d in open quarrie s. The particular 
quar~ying m0thod used vari~s according to the hardness of the rock, 
the thickness of th e: t ndivjnu.<tl bflds, and the nature of the product 
de sired and soln by tho quarry. Blaeting is necessary in nearly all 
quarr ies. 

Caliche i s generally much l ess coher ent than limestone and 
is _llSually obtained by scraper or dragline . Blasting is not necessary 
in many localiti es. 

Oys t er shell d eposits ar c most economically obtained by a 
dredge whicr scoops up the loose shells from the shell bank under 
wat er. Th e dredge shells are: load·~ d or.. harges and transported direc tly 
to users by b.<trgc or transshipped ~Y other means. For some use s wash­
ing to r 0move trac es of common sAlt is necessary. 

Limestone , caliche, or oyster sh~lls are cheap materi als, 
availabl e in many places. Hence they cannot be shipped great dis­
tances unless transporta tion i s very cheap, except in the cases of 
a few types that are very pure or desirable and cannot be duplicatedL. 
rP.adily. 

I n the postVJar perioti limestone will be in great demand far 
several r~asons. The cumulative shortage of housing must be r~lie~. 
Hence building mat erials including those derived from limestone wil\ 
be in demand at an increased rate . I t is es timated that the abnorm¥. 
need. for building materi als might be sustained for ten years (19) • 
In Texas, agricultural limin~ agents are not used as 9Xtensively as n 
other states. It is possible that t he use of these agents will inc~ 
in Texas, provided. farm income renains at hi gh 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 plants 

11 See r eference in bi bliography. 
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of the region. There is a reasonable prospect that all major branches 
ot limestone use may expect substantial gains in the era after the 
war. 

Occurrence of Limestones in the ~i.ni ty River Tributary Area 

The numerous limestone formations occurring in the Trinity 
Ri ver tributary area are grouped according to their geologic ages. 
Limestones of Ordovician, Silurian, Devonian, N[ssissippian, Pennsyl­
vanian, Permian; Cretaceous, and Tertiary age are present. 'lbe lime­
stone resources of the ~inity Fivery 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 ;>[ichi ta Mot111tains of souther.n 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 i& 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 
Arbu~kle Mountains. 

Limestone of exceptional purity occurs in the St. Clair 
lii'lestone of Silurian a~e in northern Sequoych County, Oklahoma. The 
Chimneyhill limestone of Silurian age and the Hunton limestone of 
Devonian and Silurian afe are also present in the Arbuckle Mvuntains. 
In the northeastern corner of the Trinity River tributary area the 
Mississippian Boone limestone and the overlyin~ Pitkin limestone c~op 
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 oolite near the :lp of the Boone .section. 

Rocks of Pennsylvanian age in the Trinity River tributary 
area contain many limestone beds. In•Texas 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 ot the Arbuckle Mountains. 

The Pennsylvanian outcrops in Texas contain sev~ral li~~ 
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 teet thick 

Adams Branch limestone in Brown County; about 10 to 30 feet thick 
Merriman limestone in Eastland, Stephens, Palo Pinto~ and ~ack 

Counties; about 20 to 175 feet thick 



Chfco Ridge limestone i n "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, Youn~, and Jack Counties; about 10 to 50 feet thick 
Bunger limestone in Youn$, Stephens, Palo Pinto, and Eastland 

Counties; about 6 feet thick 
Gunsigbt li.~estone in Colenan, Brown, Eastland, Stephens, Young, 

and Jack Counti e~; about 2 t o 25 feet thick 

· The more important lim~stone beds in the Per.nsylvanian rocks 
of north-central Oklahoma are: 

Fort Scott limt'!stone (Hifl:ginsville limestone and Blackjack lime­
stone), northeastern Oklahoma; 10 to 20 feet thick 

Oolo~ah limestone, splits north of Rogers County into Pawnee and 
/utamont limestone; Pawn~e, 20 to 25 feet thick, and Altamont, 
12 feet thick 

Lenapah limestone, northeastern Oklahoma; 8 to 20 feet thick 
Hoeshoot~r limestone, northeastern, central-northern, and central 

Oklahon&; 5 to 19 feet thick 
Pawhuska limestone, northeastern and central-northern Oklahoma; 

ui vided L to Deer Creek limcston&; 7 to 10 feet thick, and 
Lecompton limestone member, 6 to 14 feet thick 

Foraker limestone, central-northern and central Oklahoma; 50 to 
?4 fe et thick 

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

The Wepanucka 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 
''lapanucka 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~erl, Turkey Run, Bird 
Creek, Stonebreak.er, and Brownville limestones. 

The Permian outcrops which lie west of the Pennsylvanian 
exposures, begi.n in Tom Gr een 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 PPrmian contains marine 
limestone beds which increase in purity and thic'kness towards the south. 
Tb the north the individual beds thin and pass into nonmarine "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 BayJ.or County, 
Texas. The most persistent of the limestones is a member of .the Lueders 
group, which di~appears 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 

Colel"''an Junction limestone in Coleman, Callahan, Shackelfordllnd 1hrock· 
morton Counties; 3 t 'o 20 feet thick 

Elm Creek limestone in Col~an, Callahan, Shackelford, Throck­
morton, and Baylor Counties; 20 to 50 feet thick 

Jagger Bend limestone in Throckmorton and Baylor Coun~ies; 8 teet 
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 
:n chi ta Counties; averaging about 15 feet thick 

The northern area of roarine Permian rocks in north-central 
O~lahoma contain a number of limestone beds. The more important 
Per~an limestone beds are: 

Wreford limestone, central-northern Oklahoma; 25 to 50 feet thick 
Fort Ri l ey limestone, central-northern Oklahoma, (magnesian lime­

stone); 8 to 10 f eet thick 
Winfi eld limestone, central-northern Oklahoma; 10 to 11 feet thick 
Eerihgton limestone, central-northern Oklahoma ; 12 to 15 feet . 

thick 

The Gray Horse, Red Eagle, and Cottonwood limestones are 
other thin lime stone beds of Permian ~ge in central-northern Oklahoma. 

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

Limestones in the Glen Rose tormation in Bosque, Comanche, Erath, 
Hood, Parker, Somerve~l, 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 i n a great many 
counties in the Texas part of the area; up to 100 feet, thick 

Ge~rgetown limestone on the salt dome west of Palestine i n 
Anderson County, Texas. 

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

Fort Worth limestone from Tarrar. t County to Grayson and Cooke 
Counties, Texas; averaging about 30 feet ~hick 

Main Street limestone from McLennan County to Grayson and Cooke 
Counties, Texas; from 8 to 50 f eet thick 
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Austin, Ector, and Gober cralk from McLernan County to Lamar 
County. Texas; in some counties up to 700 feet thick. Austin 
chalk occurs· also on the PalestinA and Keechi salt domes, 
Anderson County, Texas, and Brooks salt dume, Smith CGunty, 
Texas 

Pec~n . 9ap and Annona chalk from Marlin in Falls County to Bowie 
County, Texas; .10 to 250 feet thick 

The Goodlar.d 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 Benninrton limestone, 10 feet thick, are other 
Cretaceous limestones in the Oklahoma part of the area. 

~ortiary rocks crop cut east and south of the Cretaceous 0 1 t­
~rop area. However, limestone is rare in the Tertiary series and ~hose 
limestones that do occur are usually of poor quality. Most noteworthy 
is the T<;huacana limestone in Limestone, Navarro, and Kaufman Counti ~ s, 
Texas. It is 4 to 30 feet thick. 

Reserves 

The wide distribution of the limestones and the great thick­
ness of some of the beds make it impossible to obtain an accurate esti­
mate of th8 tonnage available . However, it is evident that th~ Trinity 
River tributary ar ea contains very large reserves of this important 
natural r 0source. The small outcrop of George town limestone on Palestin• 
salt dome , Anderson County, Texas, was estimated by McCarunon ( 18) to . · 
contain at least 100,000 tons. 

Producing Compani es 

Compani ~ s and location of quarries producing limestone or 
li!'!e in th€ Trinity River · tributary ar&a arc given below. As some of 
the cement plants und producers of buildinf' stone, riprap, crushed 
limestone, and :01ti 1J'"ostd ballast are also potential or actual producers 
of liMostone or lime as discussed in this chapter, they are included 
in the list. 

NamA of Company and Location of Plant 

Austin Contracting Corn~any, Denison, 
Texas 

Dallas Lime Com~any, Dallas, Texas 
Fex-Cotto Building and Veneer Stone 

Company, Lueders, Texas 

Location of Quarry, or 
Other Source of Supply 

Oklahoma 

Dallas County, Texas 
Jones County, · Texas 

-... 
' ·~ 



Hall Bros. Roc\f: Crusher, 
Brownwood , Texas 

Kelley Stone C~pany, Lued~rs, 
Texas 

Lone Star Ce~ent Corporation, 
Dallas, ?exas 

F.. '.f. McKinney, Nacor.doches, 
Tex~s 

Morgan Construction Company, 
Dallas, Texas 

Southwest Stone Company, Dallas, 
.. Texas 
Trinity ?ortland Ce~ent Company, 

Dallas, Texas 
Universal Atlas Cc~ent Company, 

:'laco, Texas 
~est Texas Cut Stone Company, 

Lueders, Textts 
BroMide 'i~i te Lime Company, 

Bromide, Oklahoma 
St. Clair Lime Co~?any, Sallisaw, 

Oklahotla 
Pedro Simpkins, Ada, Oklahoma 
s. L. Underwood & Sons 
Updegraff Sand and Stone Company 
'.Vi ttmer Stone Comr>any 

lH>. 

Brovm County, Texas 

Jone:i County, Texas 

Dallas County, Texas 

Somervell County, Texas 

Erath County, Texas 

Fise County, Texas 

Dallas and Tarrant Counties, 
Texas 

McLennan County, Texas 

Jones and ·. 8lackel ford 
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: 

"l'he Cha:1pion Pa,~r & Fiber ComJ:)any, Houston Division, Houston, 
Texas 

w. D. Haden, Beaumont, Texas 
· ·.11 . L. Jones & Son, 'P ouston, Tex.af: 
John M. Kiltt:ore, Anahuac, ~exas 
Pal er Brothers, Palacios, Texas 
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Production or Lime 

(~otal Texas Production) 

The rollowinp. da_ta represent production for the entire State 
of Texas. Production in the Trinity River tributary ar"a is possibly 
about one-half of the total. 

Lime, Including ~uickl i ne 

and Hydrated Lime Hydrated Lime 

Year Short Tons Value Short Tons Value -
1<)35 38,863 362,636 20,?49 195,969 
1936 51,281 4?0,510 22,968 238,978 
1937 49,135 .440,069 24,415 226,271 
1938 49,3~2 429,664 24,264 235,445 
1939 62,048 524,?48 23,735 221,476 
1940 114,2?4 543,130 22,822 231,459 
1941 7?,783 i32,099 27,415 262,349 
1942 6?,3?? 559,2?9 23,355 225,039 
1943 132,16? 1,034,355 32,308 304,244 
1944 94 t 923 ?5?,141 35,075 332,657 

Dr.tn fr om Un it ed S ·;; r.. -~c s J t:rer:. t~ of Lines. 

Statistics for the product i on of lime in Oklahoma are not available. 

For st atist i cs on t he oroduction of crushed l~mestone and dolomite, 
see Cha-.;>ter on ~.1!E.g Stone. 
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PHOSP1lATB ROCK 

A. L. Jcnke , Ur.i tec States Geolo~ical Survey 

~~os.,hate rocl: is fou,.1.C. in the Trin ity Riv:er tributary area 
c~ 7ex a. s ancl 01d ahol:1tl but llue to their low e:rade, snall size, and loca­
tion, no ntte:-,,ts have been :-:1ade in the past to ex~loit the deposits. 
Rock r>hosphate is n ot n mineral but rather a mixture of cryptocrystal­
line cr ar·orphous phos:_"hates of Ca, Al, or Fe in sedimentar~, rock. 
1:-o:;:nall~r i t contai :"l s 25 to 35 percent of P205 and 40 to 50 percent 
of Ca O. 

Phos }:'hnte in .the Trinity River tributary area is found dis­
Sf! :-: i n::>.ted t~ .... r c u: hout s hnle beds or as discrete nodules and irreeular 
c or.c z-e t i ons i n l ir.1estone , chall~. and shale beds. The nodules usually 
s :- ovr c oncen~r i c s t r ucture ::! ncl t lv3ir shapes ma~, be almost spherical, 
ovoiC. , f lat .:>r rcundocl (~late-like). The ~' vnry . size from a few 
~ : ill iiT!eters to 3 or ~, inches in C:.iameter. Yynen pure, the nodules are 
y·!1i t"' t o ver: r li :ht- ~r ~>.y ; the~· are soft, and fracture ree.dily. 

?:~ o s..,hn -;; ic roc}~ fi nG s its greatest use in a~riculture, where 
h ;s f' v!lction is to add .,hosnhorus to soil deficient in this important 
l H'e- ~ ivin:; c l e:•or-.t. Other i rn, orta..Tlt uses are in the manufacture of 
stoc~·~ n"'.d ..,o uJ.t r~ · feeds, el e:"!ental phos..,hon:s , phos!lhoric acid, and 
n n~!ber o: otber :->h os:->hort~s chenice.ls. nook phosphate is often' 
tr~=:c:~ed wi t L stcl 7>itudc acid to produce super-phosphate which is much 
r:ore s ol ub!e t :-,a,, t lte u.:tronteG. material n.r.d can be assimilated more 
rend i l~, b~· ~la~t s. 

T:·,e .,ho:> :-- : 1 oro.~s content o:L rock nhosphate is usuall~r express£ 
in t elT .S of ~:: os · ''!'\ or'<~S ~entoxide ( P~ Os), n:1cl the grade of the markete(l 
!lroduct is e x:->ressed i n terns of bone phos'?hate of lime (B.P.L. ), whiol 
refers to ·:.: he th e ore t ical ' ercenta r.;e of Ca3(P04)2 in the material. To 
be ecce..,table a s r. fert i lizer, roc!r phos""~hnte should contain at least 
50 perce~t E.P.L. Co:.:; .... ercial Florida rock '!>hos ;>hate avera~es 78 to 
83 percent : .P.L. 

Occur r ence of I'h osnhate Rock i n the Tri nity River Tributary Area 

Occurrence i n tho Trinitv River Basin ' 

Sr.:all ar.tounts of phosphatic material in the form of nodules 
in conf:lm,.erete beds are found in the basal sections of several Upper 
Cret r.ceous f orrr.ations that crop out in the Trinity River ems in. Local­
ities in n :;ich ~hosphatic nodules are found in the basin are: (1) in 
Tarrant Cow .ty, one mile northeast of Tarrant Station, where the nod­
ules nre in t he bnse of the Ea g:le Ford shale: (2) in Dallas County, 
in t he T~xas ? ortland Cen:ent Conpan~· quarr:• 3 miles . ~st of Dallas 
at t !1e bnse of the Austin challq (3) in Ellis and Hill Counties, 
vrhere a "hos ;?hntic conr: lomerate at the base of the Taylor marl can be 
traced i n Olttc~o:>; ( 4) in Collin County near Lavon, where nodules are 
fol~:ld in the bnsal ;:>art of the Pecan Gap chalk nember of the Taylor 
ne.rl; and (5) i n I~aufT:Jan County near I:auf!.tan, where phos~hatic nodule• 
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and glauconitic sand are present in the basal portion of the Navarre 
group. 

In aldition to the occ~rrences mentioned, there is a persist­
ent, but thin, bed of small phosphatic nqd.ules ~t and n.ear the base of 
the Kincaid formation of the llidway group of Lower Eocene age. In 

. the Trini~' River basin the contact of thi8 formation with underlying 
Upper Cretaceous sediments can be traced from north to south through 
Kaufman, Henderson, navarro, and Limestone Counties .and offers a local 
potential source of low-rrade phosphatic rock. In Dexar County, out­
side the Trinity River tributary area, ~reensand containing ~hosphate 
nodules has been produced from the Kincaid formation and used as a 
soil conditioner. 

The Heches r,reensand member of . the l!ount Selman formation 
{Eocene, Claiborne ~roup), is found in Anderson, IIouston, and Leon 
Counties. It hns been sur,cested that the ~reensand micht contain 
e!lottgh ?~OS'?hOr'~! to justify its uso us a fertilizer. Texas lav1s 
do not allow greensand to be sold as a fertilizer, but farmers may 
mine and use it themselves. Gre~nsa!1ds a.lso occur in the lov1er part 
of tho Reklaw membo1· of the I.:ount Solman formtion and in the basal 
Crockett r..onber of the Cook I!ountain formation. The Reklaw is mapped 
in lie!lderso~1, Anderson, Freestone, and Loon Counties in the Dasin, 
and the Crockett is mapped in IIouston and Loon Counties. 

Occurr~!lco of Phosphate Rock Outside the Trinity River Basin 

Outside the Trinity River basin ~hosphate is found in small · 
amounts in the Y.'ichita grour> of .Permian a~e, in Upper Cretaceous rocks . 
and in tho basal l!idway and Claiborne beds mentioned above. In the 
vicinity of ~hcrmo.n, Grayson ~ounty, phosphate nodules occur fn the 
so-called "Fish Bod Conglomerate", at tho base of the Austin chalk 
or the top of the Eagle Ford shale; in the UcLen.l'lan County extension 
of the phosphatic conglomerate in the base of the Taylor marl; in 
Delta County near Pecan Gap; and in Hunt County riear Vfolfe City, 
where phosphate is found in the bnse of the Pecan Gap member of. the 
Taylor marl. 

I~ tho Trinity tributary area ~r Oklahoma tho more important 
occurrences of ~hosphato are in three reneral areas: northeastern 
Oklahoma, tho Arbuckle l!ountain area, a.nd east-central Oklahoma. 

In the northea·stern part of the state, the Fort Scott lime­
stone of the 1!onri etta c;roup of Penns ~·1 van ian age has a middle black 
shale phas e containinc phosphate concretions. The outcrop of this 
formation crosses nogers and Tulsa Counties. Tho Pawnee limestone, 
also Penns~·lvanian in age, can be traced throuGh Rogers and Tulsa 
Counties just west of the Verdigris River. This formation also has 
a middle black shale bod containing black 'hosphatic nodules • 

The Penns~·l vanian llor;shootcr lirrestonc of the Drum group, 
croppinc out in a general north-south direction across Tulsa, ·osage, 
Creek, and Okfuskeo Counties, has a thin basal bod vmich contains 
phosphatic concretions in all its outcrops. 
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Tho Sylnmoro sandstone member of tho Chattanooga shalo 
(Devonian ? ) cro~s out in the northern part of Cherokee Count~, and 
contains phos~hntic material in the form of pebbl~s and grains. 

In tho Arbuckle t:ountain area, 'f?hosphato nodules are found 
in the blllcl: s!1alos and cherts of tho Devonian Yloodford chert. A 
persistent bed of grocnish-~rcllow clay, 6 to e inches thick, and con­
taining ~hosphnte nodules is found nt the contact of tho Uoodford 
chert and tho ovcrlyin~ Sycamore limestone which is ~ississippian in 
ar;:e. Where the \'Joodford chert is overlain by tho Weldon liJOOstone 
(! ~ississippinn), t'~e phosphatic bed nvorar;os about 5 foot in thick­
ness. Tho · "i.~oodford chart crops out in Pontotoc, rurrco.y, Carter, 
Coal, rnd Johnston Co~~tios. Some detailed work has been done in the 
area south of Ada in ~o~totoc County on tho phosphate occurring in the 
uppermost portion of the Woodford chert. Thoro the phosphato . is found 
in a rosirlunl bo.nd 60 feet vridc o...~d 1 foot thick beneath tho weathered 
odc;c of th .-. ovc,rl~·inc rioldon limestone. 

rhos~hrtic nodules n~d . plntos aro recorded in two outcrops 
in vrhat is probr,bly the DoG~~, shale of Pen.."'lsyl vanian ac;e. The local­
itic ~ me~tioned are vrithin 2 miles of one another and o.re near Drooken 
in l!askell Count~, ir. south-central Oklahoma. 

k~other occurrence of ~hosphate is knm·rn in the extreoe 
southeast corner or Cotton County, where the material i .s found as nod­
ules i n a red shale bed in the Permian Wichita formation. 

Other occurrences of r>hos.,hate rock are found in Jackson, 
LeFlore and I:cint0sh Counties. These deposits are either of v~·ry low­
e;rade or are relatively unknovm. 

Economic Aspects nnd Reserves 

I'o nhos~hate rock has been !'reduced in the Trinity River 
tribute.r;r area of Texas or Ol~lahona, and it is likely that none will 
ever be ~rocuced exce~t nerhaps for local use, as all !mown deposits 
are too low in r.:re.de to com:>ete with the .Florida, Tennessee, Idaho, 
or t.:ontana nhosphates. However, it is possible that in the Trinity 
River be.s1n tho ·;:·eches creensand or the nncai. d beds might furnish e 
loce.l su~pl~! of rock sui table for use as a fertilizer. Host commer­
cial fertilizers employ a "filler". Gla~conite could be used for 
this :_JUr;.>ose, a!1d the r/echos ar.d !:inc/lid r.lauconi tes miGht find use 
in this na~·. 

In O! ·: lahoma the most pron1s 1ne; occurrence is the Hoc;shooter 
limestone. Althou[':h the phos;;>horus content is low, this formation 
is re;ortect to be e. r, ood source of arricultural lime and any ~hos~hatic 
material which it contains would enhance its value ns a soil condi-· 
tioner. The bed of phosphatic si\ale at the top of the \Ioodford chert 
south of ~da has been mentioned as a possible future local source of 
?hosphate rock, especially \-:here weathering has concentrated the 
!.'hosphe.te nodules. The tonnar:e of weathere4 material, however, 
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probably does not exceed 3,000 tons, averac,in~ about 20 percent P20s• 
Durinr: the sum.":ter of 1938, the Ar,rieultural ~periment Station of the 
Oklahoma A. and l~. Collee:e, ber;o.n testin( Oklahon:a phosphates under 
actual growine; conditions. Fcithor thr.:: results of the tests nor the 
source of the phospht\te are ~nown. 

The . reserves of low-r,rade ~hosphate deposits in the Trinity 
River tributnr~· area are probabl~· ver~• great and some of. the deposits 
mir;ht be exploited for local consumption in future years. The tremen­
dous res.erves of high-e;rade phos:>hate rock in Florida, Ten..'lessee, Idahc 
and Uontnna mo.ke the large-scale develo~mont of the Trinity deposits 
Most unlikely.· 
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Portlt'.!1d Conant I.:aterials 

D. L Kin:.1e:•, United ~tatos Geological Surve~· 

Portlrmd cenont is the nost importe.nd nnd most widely manu­
factured of the hvdraulic cor..ent r..nterinls in use toclav. It is an . . 
a~[;re~o.te of co;.:;>lox chemical conpounds fortted by cal cininc to incip-
ient fusion o. cv. rcfull~· blondcd r::ixturc of calcareous, siliceous,o.nd 
nl wninous rocks. m~en ground to flour-fineness this calcined mixturo, 
or sinter, is Portland ccr:ont. The raw natcrinls that r;o into the 
nanufncture of ~ortla~d ccnent o.re limestone nnd shal~; both rocks 
nrc abundPr.t ir: the Trinity J.ivcr tributo.ry areo. of Texas nnd Oklahomt:. 
The tributer~! area also '9ossesses @:~rysum, o.nh~·dritc, bentonite, vol­
canic ash (~UMicita), end iron ore. vmich arc utilized to a minor 
oxtor.t in !'ortl~r.d conant manufacture. The Portland cement industry 
hns o.ssumed major -.ro;')ort5.ons in Texas but only one r>lo.nt is operated 
in the Trinit~· Ri vcr tributary area of Oklahoma. 

Portl ".:1d ccl!'.ont ~n:r be :~..ar.ufacturod b:• fusing crushed comen~ 
rocl:, n cl P~·e : · lir..c stone containi::l.r betvrecn 68 and 72 nercent calcium 
cP.rbonnte, lC to 27 :_)crco::t cln~·, e.:.d less than 5 percent magnesiwn 
c::-.rbonate, or b:.' fusir.~ a r.:i:r.tt:re of limest::me, shnle and minor con­
sti tuc·~.ts Y:hich have been ble~ed in the correct ..,roportions. Cement 
rock, nl thoutT;: ,-::de l ~· used i::-1 t!1e easter:1 l.:nited States, is rare in 
the Trinit:: -:ri 'Jutar~~ aren ~· .·.1cre ~ortln:1cl cer :ent is ne.de by fus in~; a 
nix ~ -...u- e o: t:1e ran ~r::lC:. t~ cts. 

Lincstoi.:e usecl in the nanufacture of ?ortland ce~ent must 
cont ~ in at least 75 perce:~t CaCO), and less than 7 percent ma~nes ium 
carbonate. Other c clcareous mater i als such as marl, chalk, and shell: 
rna~· be substituted :lor cr~·stall ine 1 imestone in the jr_anufacture of 
PortlE~.nd cement. Chall: is widel:· used in the Portland cement industr: 
in Texas. 

'i'~1e nl uninous and siliceous e laments required for the manu­
f'actt:re of cer~ent are obt~ined fro::1 cla~· or shale. Cle.~· or shale 
suitable f or use in the manufacture of ?ortland cement must contain 
betv!ee ., 5.5 end 65 r>ercent s i 1 ica, ar..d t he alumina ;?1 us iron oxide 
shoulc average beb·reen 1/3 and 1/2 the silica. The s l:ale must be low 
in me.::1es i urr. carbonate, t;;,..,sUr.l or anh~•dri te, iron sulphides, and alka· 
lies. Free silica in the form of sand or chert is objectionable in 
any cew,ent mnteri&l because it does not combine \'.'i th the lime when 
the r:ixture is c::-.lcined. 

:.:ininc; I.:ethods and Processing 

:'ortlnnd cer.:ent naterinls arc usuall~· !'roC:uced in lare;e, 
highly nechanizecl quarries. The:• are then crushed, dried, and passed 
on to t!·1c c; rinding mill where the~· are c;roWlC., mixed, and pulverized. 
The "Jroportion of lir.estone to shale or cla•.r in a r.ix is not fixed 
but depends entirely upon the chemical com~~sition of the constituent~ 
If . the limestone is pure (DO ?ercent CaC03 or more) and the shale is 
esse:1tie.lly a hydrous nlumimu:1 silicate free fro!':! impurities, t . e 
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limestone to shc.lc ratio Y!ill b~ rouchl~· three to one •. Variation in 
S?ecificntions dema..Tlded by th<; consur.ter also ,;roatly affects the :>ro­
!?Ort:on of tll~ raw l'!'.nterials. 

The mixed and T')ulverized material is then calcined to incip­
ient fusion in c. rotar:• i-:iln at a temperature of about 1550° C. 
( 2822° F. ) • 1'hc kiln r.1a~· be fi rec'. ~· coal, oii or c;as, J\ll of which 
are abundant in the Trinit~r River tri butar!' area. The clinker or 
cnlcil"led pro<'uct as it cones from the kiln is in small, glassy. 
ereenish-black lum,s. After coolin~ it is eround and pulverized. 
C:~rpsu;n, used to retard the setting tir.1c of the corr,ent, is added be­
tween th0 r,rindine r-.nd ~ulvcrizinr,. Portland cement is sold in bulk 
b!• t:1o carload, in vTooden bnrrcls vreighing 37G pounds, or in 94-pound 
bars. 

Uses 

Portl r.r..d cc:-.ent ns 9.!1 ingredient of co:1creto is second only 
to strucb.!rol stc0l in inportnnce as a construction r.taterial. The 
more im11ortr~ ::t us 0s of concrete arc in the construction of hi~hv1a!'S, 
dn::-ts, !'icrs, l'!1C: f'oc .ndntio:'ls. ~cir.forccd \':ith steel it is used in 
t:: .:: co~struct io~ :Jf buildi:1rs, tridr;es, a!'ld tun."'lcls. ?ortland cement 
is also us~d as r nort~r, ~laster, anC: stucco. 

::-:cononic As-ryects 

:inw ::taterinls sui to.'.)l e • or the ma.nufo.cture of cer.:ent are 
abundnnt throu:hout the cour..tr;•. I.s ce:-1.ent rlants require a large 
i nitial i!"'.vestr.t<mt and must or>erate on c. relative!~· lart;e scale to 
be successful, the choice of a 1?l('.~ t site is dependent not only on 
a!! adequate source of rex.r ne.terir.ls, but also on the accessibility 
to centers of ,o'("ulotion. A su::r>l~· of cheap fuel is another deter­
mini!![ factor. Cement ;->lc•1ts are usuall~: neer large cities and the 
nP. rl~et foro r,iven ~lant is lir"!itf!C: by the location of other plants. 
The coy:structi on n!'ld repair of hi:hvrn~rs, build inr;s and dams, foll ovting 
t )te restricted buildi!!f (urine; the war period, sho~ld brine about 
:-ret:~t o.cti vi t~r in the Port lt>.nd cer.!ent inc. us try in ;>ostv.rar ~rears. 

Occurrence of CP-r.:ent r :at erial in the Trinity ni ver Tributary Area 

Trinitv River Dnsi:: 

T::e ~e.r.le Ford shnle c!'ld the overlyinr; Austin chalk of Upper 
Cretaceous are e.re the ; ~est i:a?ortant sources of f'ortlarid cement mate­
rin.l·so in the Trin:i t~· River bo.sin; ra1·: material fror.1 these forr.tations 
is be .~ '!1!; used b:' t) Je Lo:1e !Jtar Ce:..ent Compa!\)' e.nd 'th e Trini t:' rortle.nd 
Se: ;,pr.t Com,an:,', Y.11ich arC' located just vrest of Doll us in Dallas Count~'· 
I:1 t:1e Trinit:· basi!'l the conto.ct be't1.·reen the :Cacle Ford s:1ale a!'ld the 
/.ust in chal!: con l:>e traced sou'.;hVJard throuch Crays on, Denton, Collin, 

• 



Dallas. ~llis. rnd IIill Counties. In the Palestine salt dome about 
8 J!liles west of Palestine, Anderson County, the Austin cha.l!c and the 
::arle Ford shale cror' out nt the surfc\,;e. It has be•:n sur;cested that 
the !'nlestine dome rnir:ht be e. source of Portle-.nd ~eJ!\ent materials. 

A se~ond ='la:1t of the Trinity :L'ort lnnd Cer:1ent Com!' any, 
located just north of the city lidts of Fort ~ iorth, is usine lime­
stone from the Duel~ Creel: formo.tion and ~ht>.le from the underlying 
~·iamichi formation, both of V1'!1ic!1 are or Lower Cretaceous ac;e. A 
l:aolinitlc cla~· fror.1 the Sinsboro sand member, Rocl~dale formation, 
··::i ~ox r:roup of Lo\"!er r:oce~e ar:e, is mined in Freestone County and 
:i. s s > i pped to Houston w;1ere it is mixed wi t_h oys tor she 11 s ancl manu· 
fnct UJ·ed ir.to white cement. 

Occurrencesor Cement l!aterials Out:>ide Trinitv River Basin 

Elsewhere in the Trinity tributary area, but outside the 
Trini t:' River basin, the contact of the Austin chalk on the Eagle Ford 
shale can be traced northeastward throur;h Gro.~rson and Fan,.,_in Counties 
and southwestwnrd through !~ill end HcLennan Counties, Texas. In 
LcLennan County the rock is quarried from these beds a few miles south· 
VTest of 1·:-aco for use in the Universal Atlas Cement Comnany plant there . 
Kaolin o.nd l:e.olir.itic clay in the Simsboro sand member of the Rockdale 
formation also is found in Limestone and Robertson Counties, Texas. 
Oyster shells, dred["ed from the coastal ba:rs in Texas are used as a 
source of 1 ir.te by cement nlapts in the I:ouston area. Gal Te~?ton Bay 
is well sup~lied Vfith exte"!sive de'('losits of oyster shell. 

Oklahoma is well su~plied with limestone and shale suitable 
for Portland cement manufacture. Six main limestone areas are recog­
nized: (1) northeastern. (2) north-cent ral, (3) southern, (1) Wapa­
nucka, (5) Arbuckle l:ountain, nnd (G) Wichita liountain. 

The northeaster-n area ir..cl udes Cherokee Count:' o.nd the east­
ern pnrt of D>.ycs County. Limestone suitable for Portl£\nd cer~e!'lt manu· 
facture in this area is the U:>:->er Ordovician Fernvale limestone of the 

i. hmond e;rouy>, the St. Clair-· limestone of Silurian ar.e, the Boone 
and Pitkin limestones of r:ississir:>I'io.n n.e;e, and tho Borrow fornation 
of Pcnns~'lvanian ac:e. For the most part, the Boone is too chert~· for 
usc as Po~tland ceme!'lt material but the bo.sal member of tho Boone, the 
St. Joe limestone and the 3hort Creek oolite member in the u~:->er nart 
of the Boone, are hich-cnlcium lime s tones. • 

The eo.stern half of Ka~· County, the western r>art of Osage 
County, and almost all of Po.wnee Count~r comprise the north-central 
areo.. Roc~:s sui table for Portland coment are the V/reford, Florence, 
Fort Riley, nnd Winfield limestones in the Chase group of Permian age, 
nnd the IIarrington limestone of the Sumner group, also Permian in age. 
In Pawnee and O~are Counties suitable limestone beds are found through­
out Carboniferous and Permian strata. In Pawnee Count,, the Stone­
breaker limestone member of the Buck Creek formation, the Brownsville 
limestone of the Viaubaunsee group, and the Red Engle (?) limestone 
member of the Elms dale format ion, all of Penns~.'l vanian age are high­
calcium limestones. 



• 

0 
(.) 

90R r LAND CEME \ Fiv. 16 
I 
I 

-r--· ._L_.----
K A N 
~~~ ........ ~.......----~ 

EXPLANATION 

~'roin ltmestone areas in Oklahoma 

1 Northeastern 

z North- central 

.3 Southern 

4 Wapanucka 

.5 Arbuckle Mountlltn 

<D Wtch i ta Mountain 

~ Eagle ford shale - Uppe,. Cretaceous 

~ Aust1n chalk - Upper Cretaceous 

D. Oy ster shel l beds 

x Occurrence of Koohn in 3imsboro !..and member of Rockdale formatiOn- Eocene 

t Polestme so ;t dome 

• Portland cement plants 

DISTRIBUTION OF 

PORTLAND CEMENT MATERIALS AND PLANTS IN TRINITY RIVER TRIBUTARY AREA 

(/) 

<( 

(/) 

z 
<( 

~ 

a:: 
<{ 

~\ 
.. 

\ 

)~ 
I 
I 

( 



131. 

lho southern area ' includos an east-west bnnd of Cretaceous 
rocks crop~in~ out south of the Arbuckle and Oull.chita l1ountains. The 
~ost im,ortnnt Portland cement rook in this area is the Goodland lime­
stone of the Fredericksburg ~rour' vThich is Lmter Cretaceous in age. 
Its outcro:-> extends from Love Count:r through t!nrshall, Johnston, Atoka. 
Dr:ran, Choctaw, :md I.:ccurto.in Counties. Tho Goodland limest.-me is 
overlain 'by the I~iamichi fori!'.Ation which contnins sha.lo suitable for 
PortlRnd cement manufacture. 

Tho '. !apanuel:o. area in Atol::o., Coal, Johnston, Pitts burr;, 
Pontotoc, and Lntir.or Counties includes outcrops of the Pon..'l'lsyl,··mio.n 
·.:apanucka linestone which is 0.:1 irn'!'ortm~t source of line and crushed 
rocl:, !'nrticule.rl~r nor.r Dronidc in Johnston County. An underlying 
s!1alc is sui tnble for cer:ont nnnui'actwe. 

Tho Arbuckle !:ountnins occup:• all or part of Carter, Johns to 
1:urrny a:1d ~ontotoc Counti ~ s anG cont~in ~rent thicknesses of limaston 
suitable for the manufa.cture of Portland cement. These rocks include 
the Arbuc~lc lir.ostono of c~~~ro-Ordovicio.n ago, the Simpson group o.nd 
Violn liJ!'.cstonc both Ordovicie.n in af.c, tho Hunton limestone which is 
!Jilurinn l:'.nd Dovonio.n (?) in e.--e, r.nd the l:ississipr>ia.n Sycamore lime­
stone. The Sim'!'son crou]) contnins sht'.lo beds well adapted for uso os 
rnvr m:-\terial in :?ortle.nd ccme;.1t ma.nufncture. The Ordovicie.n Sylvan 
shnle cro:>s out in Pontotoc Count:: a.nd is used, together with the 
Viola. 1 imostono, in the nonuf~cturc of Portland cement in tho ?lo.nt 
of the O~~lahome. Portlnnd Cor:lcnt Col"l!lo.ny ct Adn. 

In the Wic-hita r:ountnin rce;ion of Cnddo, Comanche, E'.nd 
1\icmc. Counties, li~cstone suit~blt:: for Portlr.nd comcnt ma.nufncture is 
)"resent in the Arbuckle and tho Viola limcstont3s. The latter is con­
fined to a few isolatvd hills. 

The Boone and Pitkin lir'estones in I!uskor;ee and Sequoyah 
Counties, the St. Clair limestone in Sequo~!ah County, the Fort Scott 
1 irnestone in Ilo[;ers Count~·, end the Oola~ah limestone in Tulsa end 
Roeers Counties, are suitnble for Portle~d cener.t manufacture end 
ere nc'.~ ace~·;; to cla:· or shale deposits. 

~eserves 

The reserves of roc:'..: sui t~.ble r or the r.mnufacture of Portlan· 
ce·:e ·.,t in t!1e Trinit:• IliYer tributar:' area are creat. These raw mate­
rials, together wit!1 a ~ler.tiful suppl~, of r,as, oil and coal for fuel, 
n:ake the area one of the ~reatest :?Otential producers of Portland 
cenent in the countr~'· Actual increases in :>reduction are thus depend· 
ent on, and li::1ited b~r, increases in local population a:-'.d demand, 
rather than on re.w rr.nterials. 
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Portland Cement Plants in Trinity River Tributary Area 

Hnme of Corr . ..,anv 

Lone Star Cement Cor,. 
Trini t~· Portland Cement Co. 
Trini t~r Portle.nd Cenent Co. 
Universal Atlas Ce~ent Co. 

Texas 

Location 

Cement City . 
Earle Ford 
Fort l'l'orth 
Y!'aco 

Oklahoma 

OY.lahorna Portland Ce~ent Co. Ada 

Production of Portland Cement 

Location of Quarry 

Dallas County 
Dallas County 
Tarrant Count~' 
lrcLennan County 

Pontotoc County 

in the Tri::1it:• ~i ver Tri butar:r /.rea 

Year 

1935 
E '36 
1~37 

1938 
1939 
1940 
1941 
1942 
1943 
1044 

•Data from United States r::ureau of r·ines 

Cement Produced 
(In bbls. of 376 lbs.) 

2,632,303 
3,666,078 
4,039,132 
3,534,351 
3,768,781 
3,568,939 
4, 721,985 
6,016,117 
5,443,278 
2,875,770 



RAW MATZRIALS USED IN THE MANUFACTURE OF PORTLAND CEMZd'r IN THE TRINITY RIVER TRI:BUTARY AREA. 
• 
~ 

(In Short Tons) t'> 
~ 

Iron Mill Oyster 
Year Limestone Shale Gypsum Ore Sand Scale Shells Cinders 

1935 709,234 119.571 17,967 
1936 ~o Informat i on Available 
1937 No Information Availeble 
1938 946,780 163,432 23,764 3.578 10,402 735 
19~ iio Information Available 
19 952,328 169,961 23,923 5.366 6,507 
1941 1,254,132 230,553 30,719 2,354 13,980 
1942 1, 6os, 331 249,785 38,823 1,391 23,0>)1 
1943 1 t 502,423 226,429 34,038 ~.932 29~872 l,G86 1,251 273 
1944 814,371 112,612 19,821 ~.366 20,854 

*Data from United States Bureau of Mines 
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D. I ·. J~inne~r, United St£>.tes Geolo;.ice.l ~urvey 

s::.nc o.ncl .:;ravel nrc rcletivcl~: abundo.nt throu(:hout the Trinity 
:}iver tributar:· o.rea r. :~d in total ~·early ton.."'lag:e· exceed aJ. l other natural 
resources with the o~ce:-tion of :-'etroleur.1 ':"'roducts. As inr;redients of 
concrete ar=:Gret;ate, sand and r-:ravel ;1o.ve ~lR~·ed an important part in the 
erection of the larcEr buildi!'l~S of the cities and the development of a 
fine roc.d system; r:re;:.t quantities of sand and rravel are also Mixed vrith 
a~:9hnlt t o forM r.acadar.-. surfaced · roads or used vrithout binders on unin·~ 
ryroved roads. 

Tl1e terms sand and r,ravel do not have precise usage in col!li.lercia 
practice; in one clnssifico.tion sand ra.n~es fron 1/16 mn. to 4 ~. in dia­
r.teter end r,ravel from 4 r.r:. to 64 nn. (ap!'roximately 2 1/2 inches) in 
diameter. Another classification civos the sand range from 200 mesh to 
1/4 bch and c rave! fror.J. 1/<'1 inch to 3 1/Z inches. By definition, sand 
and r,rnvel must be unconsolidated r.ranular material. Sand is formed 
chicfl~· of the most resistant of the common rock foming minerals, quartz, 
~ut i t r.J.a ~· contain sit,nificant sue.ntities of less resistant rocks like 
limestone nnd ~arl derived from local sources. As a r,eneral rule ero.vel 
is com,oscd r.ostly of quartz and icneous rock pebbles, but in many local­
i tir:s in t!"!e Trinity River tri but1:1.r~ · area the nebbles are dominantly of 
lime s tone derived from formations crop~ing out in the area. An ironstone 
~revel, used locally for road metal, is formed from the weathering of 
certain Tertinr:r formation in Texe.s. 

The "'rinciral use of sc.ncl. and gravel is in concrete ae:gregate 
o. nd road ~ctnl; more tha1; 82 ?'3rce nt o! the total Trinit~r ni ver tributar~' 
area out:mt is used in this nanner for buildin;s and ;')avine:. A~..,roxinatcl 
15 :':'lercer.t of the total Trinity . . i vor tri butnr~· e.rca otltjut is used for 
railroc.d ::,nllast. The rcnE~.ininr:; 3 :'erce:.1t includes the out:·mt of glass 
sand, moldi:"::; sand, ~rindin~ .:-nd !JOlis~in~. sBnd, en~i::1e sand, filter sand, 
a!',d other s~ccialized uses of sand and ~ravel. 

:::r-. nc~ and ::; ravel dc :1osits ere wor!:cd b~; a number of met~1ocls or 
cor:- bination of nct~1ods usin ~· e. :.-r-Jct v::-. riet~r of cqui;:nent. The method or 
combination of mct11ods use-d var:• with the size of the de;:osit, the tonnage 
requirements of e~.C o;:eration, the dist~.nce to the ;'rOcessing :>lent, the 
avo.Ua"ulc wator SU?::>ly, the Hvailaule trnns~ortation, th0 :,>h~rsical charac­
t Gristics of the de• osit (the actual thickness of the r;ravel or sand-beari 
bed, th.: nr.J.ount of ov.:. rburdcn, nnd tho presence of large boulders v:i th the 
sand e!lt~ rrnvc l), and the ~crsonal cx'2cricnce and equir>m0nt available to 
the o~crators. So~c of the conunon equipment used for excavating sand and 
gravel nrc 1ower shovels, drc.glincs, excavator cranes, dir>r>er dredges, 
ladder dredges, h ~~ra.ulic dredges, nnd h~~raulic giants. 

!~oro than 70 ....,crcent of the sand and r,rave 1 outr>ut of the United 
States is processed b~· washin~ and size sorting before it is marketed. 
Specifict>.t ions for .tho various ~rndes of sand and gravel arc today becomin 
more rigid end a ~roater pro?ortion of prepared sand will probably be used 
in the futuro. Tho only lare;o users of unprocessed sand and gravel are 
the nunici :->al, o-ou.."'lty, and state r:ovcrnrnents for uso on secondnr~r roads. 
!::qui "1mcnt req'-'ired for tl~c PN':'lerE~. tion of sand e.nd r.ra'\tcl for t:-,e market 
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are crushers, scree ns, c::lovatine: mr.chincr~·, Rnd o.n adequate auppl~· of 
water for wRshinr,. The ;>lnnts me.:' be loco. ted at the s ito of a large 
deposit or b some cases, the run-of-pit material r.1ay be hauled to a 
ccntrall:• located :?lant from a number of small pita. Small deposits 
may r~.lso be wor'!-:ed by small washin~ planl.s which can be dismantled and 
moved when tho deposit is cxhC'.ustod. 

Sand and ~ravel ar~ bulk~•. chea~ cornv.odities that can stand 
only limited tr~~s~orta ion charges and, as the material is present in 
abunc1.ance alonr; almost every :na_:ior stroan, nny pit thnt is not operating 
at pca:k .:. fficicnc~· could, or V!oulc, be a'!:>a:r.don~d in favor of a r.1oro profit 
Rblo devolo!lr..c..~t. ::>incc t he most it:l:'ortant ust.: of sand and c;ravel is in 
t!1.o preparation of concrete a~;gregntc for buildings nnd p .... voment, the 
r;rcatcst donand for this mo.tcria1 is nonr centers of ::'O='ulntion. l·7car 
lnrs..: cities a sand end ~rc. v(;l pit rmy bo vcr:• valua~lo while a similar 
;>it in e. s~o.rscl~· settled c.rca. mo.~· be nlmost v:-orthlcss. 

Occurrence of ::;and and Gre.vel in the Trinity River Tributary Area 

11'. t!1e Trini t~· River tributary nrea sand and gravel occur as 
recent deposits in the flood plains of the major streams and their tribu­
taries, as river terrace de~osi t s of Pleistocene or Pliocene age raised 
4.0 to 100 feet above t~: e ~resent stream level, as unconsolidated sand and 
gravel de!"osits ca:--~b.r, interstrenm divides, and as Tertiar~· or older 
unconsolidated ~eolo[:ic formations. The orincipal sources of comr1ercial 
construction sa~d and r;ravel nrc the flood-!"llain. and terrace cleposits 
along the lar(jer strea;>u;, e.lthou~h large quantities of material for 
countr B!'ld state roads are :'reduced from other types of deposits. 

Snnd and Gravel in the Trinit~· River Basin 

The most extensively develo!)ed snnd and c;re.vel deposits in the 
Trinit~· River Basin are in t.he flcod plain of the Trinity River between 
Fort '.~orth and Dallas. The de·~osits occup~· \'fell defined areas. commonly 
elli,tical in shn~e, surrounc ed bv dnrk cla~ and loam. The deposits are 
variable in thic1:ness; most cle~osi ts averar:c 15 feet in thic:kness and 
t~ : ic~::-tesses of 35 feet h~.ve been re~orted. Overburden reT'l.oved rna~, range 
fro~ 4 to 12 feot. I:-tc!i vidual de -;>osits may contain as much as 2,000,000 
cubic ~·ards of ;.,ate rial. De;1os its near Fort ' . ."orth contain a higher pro­
;!Ortion of gravel to S O.!ld than t he de;>os its further dovm stream, but even 
in t ~ 1e Fort •. ··ort~-Dallas area, snnu is produced in co~siderable excess of 
dem E< :~ds nncl ~~1e :naterial is stock ?ilcd at the Gravel !"it. Good e;:ravel 
de~osi ts in the fort Ylort!1-Dallas area a.·e becorninr; increasingly hard to 
find nnd conseq~.<e '1tl:' more valuable. 

Grnvel nnd sn:1d de~osits above Fort \."orth end Dallas are being 
worked on De!'lton Creek i!'l southern Denton County and on the Clear Fork 
of the Trinity River southwest of Fort VTorth in Tarrant County. One 
de '::los it neAr Dowie in I"ontngue County is on the interstrenrn divide betweer· 
Denton Creek, a tributnr~· of the Trinity River, and the Red River. 

Gravel and sand denosits below Dallas on the Trinity River are 
beinr. worked south of Crandall in Kcufman Cou."'lty, east of Ferris in 
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Ell is Cou!lt~·, c.t Trinidad in ::ence:;-s on Cou.'lt:•, and at Romayer and Ra~·burn 
in Liberty Count~'· For t he most part t~se de!>osits are on old terrace 
deposits sli~htl ~ · above all but the hi;,hest flood waters. The deposits 
in Libert:.r Count:r are especiall~· valuable as they are located near R0 ustor. 
on the Coastal Plain wl:erc coarse gravel de!;Josits are ver~· rare. The 
Libert~· Count~' de?osits ;>roduce a r;reat oxcoss of sand over gravel. 

Sand and Gravel in the Tributary Area Outside the Trinity River Bnsin 

Send and sravel de~osits have been worked along the Arkansas, 
Canadian, Cinarron, :,·ashit~. , and Ilcd Rivers in Oklahoma and the Colorado, 
I3razos, Trini t~·, and Red r.i vers in Tcxns. Sor..e of the deposits are in 
t:1c flo _: ?lains of the rivers but t h6 majority are river terrace deposits 
of ?1 c istocenfl or Pli :>ceno ar-e. Frecp.len tly as nan~· as four terrace depo­
sits can be reco~nizod. Tl te hic:hest terrace is believed to be Pliocene 
in ar-e and frec;ucntl~,r it is vcr!' noorl~· J1roscrved. The lowest terrace 
is just nbovo -the level of t:1c flood pla : n and is believed to be of Pleis­
tocene arc. The int <: rmc: :!iato dc~osits a.ro r;encrall~· well preserved and, 
in !>art, stri l"'~ed oi' t b:.' ir sodi: enter~' cover, makine; them easily develope<· 
The terrace cl.e..,osi ts na:· be .,aircC: on op...,osi to sides of the stream, or a 
dcpos ~ t o!l one side ma;; haw: no cou11.tQrpart on the oth·:r. 

The t~rracc c.l~posits are cor.1:>oscd of cla:r, silt, sane and t;rave: 
cor.1r.10nl:· cc!"lcnted with ve.r:.r inG ar10unts of caliche and na~' be as much as 
GO f.:: c t thick . Gravol in the t.:rrac<.s is r.•.ore abunda-nt ncar the base of 
t !1e c.::,osit. The rrrnvGls nru forrr.cd of thG rr.ore resistant rock materials 
c s ?CC ially quartz a~1cl i c;neous roc!-:s, al tl: ough 1 in!estonc.; fra:?;i :'onts dc ri vcd 
from the unc1 erl:·b.t: rocks e.l· .; ao~dant in places. 

In nnn~· ;>laces unc cnsolidn. t ed sand and r:ravel dc~osi ts cap 
i:::1tcrstrcan div i de s. Thes.:: de:"' os i~s '"~robn1J l:• are rcr::nants of old fluvi­
ati l c dCJpoz its S:>rea<~ o!C the f 1 ood plain oi' eastward flovrinr str.:. ams which 
wcro ~nc c stral to t~c present drninarc. They arc frequently vrork6d by 
the state and count:r au-:hori ti.o s l'.nd us ed as local sources of sand and 
:-rnvcl for buildine; roads. Thos ,c; :.:ravds r.c.no rally include cla~, and. marl 
vith the more resistant ir;ncous roc )-:s or rock fc!':rnine; r .inero.ls and com­
:monl:.' are ~ . ron stai:.1c.d by lonr c:-:~ osurc to surface waters nnd tho atmos­
.,herc. 

nm:• Tc rti n r~· nnd oldor formntions of consolidated or scmi-con­
solidatcc m~tcrial arc Dossiblc sources of construction sand and rravel. 
In weathe r ed outcro~ such consolidatr:d formations may make an .::xcellent 
source cf construction mate rial. Abundnnt sand can be had from tho Ordo­
vician Sim"?son [.rou:? in tho 1:!ichi ta and Arbuckle 1:ountnins of Oklahoma, 
from sandstone s in the :Mississippian, Pennsylvanian, and Permian rocks, 
from the Dockum sandstone of Triassic age, from Trinity and Hoodbino sand­
stones of Cretaceous a r.o, and from man~' of tho Tertiar~· formations both 
within a~d vrithout tho Trinit~· Rivor tasin. Included in the latter arc 
ironstone ~ravel do-:>osits derived from the wc:athcring of Wochcs and 
Landrum strata. 

Tho Tiigh Plains nrc underlain b~· the Ora.llaln and Arikar0a 
formations of I:iocone and Pliocene ae;c. These formntions arc for tho 
:nost ?art river deposits laid down b~· streams flowing eastward from tho 
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Rocky Uountains and arc :lAda U:> larc;cl~· of poorly sorted cla~r, silt, 
sand, and r;ravol. They rang<J frot:l a feather adge to over 500 feot in 
thicl~ess and arc the surface formations over moat of north and wost 
Texas, the area known as tho Llano I:stacado. 

For 100 miles cast of tho Righ Plains escarpment, sand and 
gravel d6,osits of the Seymour and other formations of Pleistocene ago 
occur as isolated patches ovorlyine Permian and Triassic rocks. Those 
deposits arc believed to have boon derived from the Ogallala nnd Arikaroe 
formations by eolian (nind) action and also rre.~.r be, in part, residual 
after these formations. It is known that tho Ogallala and Arikareo forma­
tions extended considerably cast of their present locations at one time. 
Tho Seymour is comantcd by caliche so that some de~osits are not suitable 
for usc as construction sand nnd eravol without proliminary crushing. 

no serves 

Tho ov~rnll r c s 0rvcs of sar.d and gravel for construction pur­
pnses are ver~· laree both in the Trinity River Basin and in the rest of 
the tributary area. Loca.ll~· near the major cities some of the better 
de?osits have become exhausted. There is no actual shortage, however, 
even in the vicinit~· of Dallas and Fort Horth as a slir.htl:• increased 
'rice 'l")ermits workin~ those de!>osits which are smaller, under deeper 
overburden, farther fror.1 t l:c mo.rl::et, or which contains a hi~her ,ropor­
tion of sane to r,rnvel. In t ho lov:er :'art of the coastal ,lain the 
:>ro,ortion of sand to r ravcl is excessive e.nd in some cases, particularly 
in the i:ouston area, sand and gravel for concrete age;regate cannot be 
obtained loca.ll~· and must be shipped in from outside sources. The canal­
ization of the Trini t:· ni ver Vlould tend to stimulate !_')rod\<otion in the 
upper ,art of the Tri nit~· Basin to SU:>!>l:• t :!e I:ouston market. 

Sand and Gravel i::1 t::e Trini t~' River Tributary Area 

Producing Localities 

Cimarron River: 
L:ain Drainae;e (" 

1) !!orth of ' :"a~rnoka, ~ ·oods County, Oklah~a 
2) Two plants near Dover, !':ingfisher C oun~r, Oklahoma 

Turkey Crook 
1) At Dr~~ond, Garfield County, Oklahoma 
2) Three rylants west of Enid, Oklahoma 

Arkansas River Tributary: 

Salt Fork, Arkansas River 
1) r orth of Alva, .'foods County, Oklahomi. 
2) l!ortheast of Cherokee, Alfalfa County, Old ahoma 
3) East of Goltr:·, Garfield Count~,, Olclahorrn 
1) ;.·est of Pond Cree!:, Gre.:1t County, Oklahozaa 
5) ~Jest of ; :edford, Grant Count~', Oklahoma 
6) Dout!1 of r:edford, Grant County, Oklahoma 
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Arkansns River Tributary: (Continued) 
-Rod Rock Croek • · ·· 

. l'ro plants in Red Rock Creek, Gnrfield Count~·, Oklahoma 
f, ::-fo.rkansns niver Proper: 

1 ) On Beaver Creek, I~ay County, Oklahoma 
2) Ralston, Pawnee Count:r, Oklahoma 
3) OsaGe, Osage County, Oklahoma 
4) Six pits near Tulsa, O!dahomn 
5) East of Tiaskell, Ungo,.._er County, Oklahoma 
6) Yahola, rTagoner County, Oklahoma 
7) Horth · of ::uskogee, Hagoner County, Oklahoma 

~-ieat Cache Creek 
1) At Faxon, Comanche Count~·, Oklahoma 

Concho 
1) 
2) 
3) 

River Drainage: 
South Concho .:1iver near Christoval 
Sprinr: Creek east oi.' Tankersley , Torn Green Count~·, Texas 
At Orient 

Colorado River: 
1) Sc..uth of Coahoma, r:oward County, :rexas 

Red River Drainar.e: 
Prairie Doe Town Fork 

1) Inc! ian Gl·eek vrest of ~:ernphis, Hall County, Texas 
2) l'orth of Childress, Childress Count;~•, Texas 

Pease River 
1) !Torthern Floyd Count:~•, Texas 
2) West of Paducah, Cottle Count~.·, Texas 

·.·:ichita niver 
1) l!orth of Benjarain, Knox Count:', Texas 
2) !Tenr Iovra Park, 1'!ichi ta Count:', Texas 

!"cl:inle:• Bayc...u · 
1) rorth of Lear~', Bovri c Cou."'lt:•, Texas 

rort!1 Fork 
1) '1\"ro ~lants near Granite, Greer Count:•, Oklahor.lll 
2) Tvro plants near 8;.1yder, 1\iowa Cou.."'lt~·, Oklahoma 
3) On r:lm Fork vrest of Jester, Greer Count~·, Oklahoma 
4) On headwaters of 8alt Fork, southwest of Vinson, I:armon County, 

Oklahoma 
V'a.s hita River 

1) !~ear l "ountain Vievr, Kiowa County, 01-=laho~ 
2) Tvro plants near Verden 
3) 
4) 
5) 
6) 

'7) 
8) 
9) 

rrest 
1) 
2) 
3) 
4) 

' iest of Lindsa~·, Garvin County, Oklahoma 
East of ?aul 's Valle~·, Garvin County, Oklahoma 
Tvro plants near ·, .ynnevrood, Garvin County, Oklahoma 
Eorth or S lphur, l:urray Count~•, Oklahoma 
Two :>le.'!'lts near neae;an, Johnston County, Ol~le.homa 

Tvto plants near Tishominco, Johnston Count~,, Oklahoma 
On Caddo Creek, south of l'ilo 

Cache Creek 
South of Cache, Comanche County, Oklahoma 
At Faxon. Comanche Cour..t~·. Oklahoma 
l'orth or F'rederick. north of Slour;h Creek, Oklahoma 
I orth of Indiahoma, Corr.Anche Count~·, Oklahoma 



C~dit.n River Drainnge ~ 
1) r.orth cr T~scose.. Oldho.r.t. Count~· I Tcxr.s 
2) ~·orth of :)odon, :'otter Count~' 
3) l~orth\vcst oi' Strntford, S!"lorrtC.!: County, Toxas 
4) ~out!1 of Crunnre;o, Dowoy Count~·, O~dnhoma 
5) l!ea.r T~loga, Dower Count~·, Oklahoma 
6) rort!1 of I:ineo, Cr~.d:• Count~'. O~lo.honll 
71 ~:oat of !'or:nnr.., Clc.volc.nd County, Oklahona 
e) !·orth of !::tr~tford, Gnrvin County, Oklnhor:'l..."\ 

r!ort~ Cnno.d iM 
1) l'cnr Concho, C!lnedian Count~·'• Oklo.hona 
2) \iost of Oklnhomo. City, Oklahoma County, Oklo.!1or.lt\ 
3) Ea.st of T.-. cW!'Iseh, Pott~wntomie County, Ol::lc.hoim 
4) lTorth of , ."t; leetlco., Ok:fusl~oe Cou."lty, Oklo.homo. 

I3r!lz os R1 vo r Dr~. illt'.t,e ~ 
Dou~la t:t. For~;: 

1) l'cr.r Y-:.11 Ol'/ Ld:c' r:ocklcy Co~ty. Tc.xas 
2) :·:i. st of Sc.rcrton, Stoncvre.ll CO\L'lty, ToJxas 

S!.lt Fork 
1) \·:est of P~ :.eock, ::;toncwnll Count~!, Toxas 

\lhi tc Ri vcr 
1) At Plninvh.'W, P.r,le County, Tcxns 

Clcnr For~~ 
1) Sw>-c twctcr Crc;;k, south of Svroctw!ltcr, f!olo.n Count~·, TvXC'.s 

Dro.zos River Pro~er 
1 \ Sc-uth of ~ ·~wco.stlc, Younr Cour.t:,• • Tox~s 
2) ~ "c '\r ; 'inc rc.l 'i:c 11 s, Po.l o I"into CoUllt~r, Toxo.s 
3) :·~c~ r l}rr.-.~bury, I!ood Count~', Texo.s 
4) Sout:! of r. orc;cs Cr., 0k, Johnson County, Tox~.s 
5) ~ ·orthonst of · ."c.lnut S~rinr;s, ~osqu<.: County, Texc.s 
6) 'IVro -· its ~-t F::cu, ::cL~~e.n Countr, Tcxo.s 
7) ~outhvt!;st of ;:cnrr.~, ]obl.lrtson Co\l!l.ty, Text'.s 

Trini t~· 
1) 
2) 
3) 
~) 
S) 
6) 
7) 
e) 

:!i vcr DrA .. :. nC'.cc: 
~ :ort!1 of f.rl ir.r;toi!_, Tnrrnrt Cou.-,t;•, Tcxo.s 
:·o:-tl". o ~· \rr'1::d Pr r>. iric, Dnllr.s i::ou.""lt~·, Toxns 
:.;ruth of l:r~.:-:c: o.11, ;·r. ufl'~C'.!'. Count~'• Texas 
r ~r.st of Fl- rris, Ellis Cou.""lty, Toxc.s 
::nst of Cris:->, Ellis County, Tc.xo.s 
Tri:-tid:-<d, l!cndorson Count:r, Te:xo.s 
Lr.)T;b Creek :1 .... - r Rc.:·burn, Lioort~r County, Texc.s 
!{o!ilc.:•or, Li burty Count~·, Tcxns 

So.bi!"'.u RiV(:r: 
1) Big Sc.r.dy, Upshur Count~·, Texas 

Intcr~trcl".rn Divides: 
1) i""orth of Bov;ic, i"ont"'."uc Cou7':ty, Tt.:xns, botvrccn Trini t~' r.r.d R-:ld 

Riv(,r drc.i:-r.rc 
2) At rool'.s, Datric County_, Texas_, bct.reon Sulfur River t'.nd Rvd RiVE:. 

., 
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St.T'.d ~nd Grr.vol Producers in the Trinity Rivor Tributt'.ry Arcn 

Tcxns 

E~rno of Produce r Locr-.tio:'l of sr.:1d or Gravel Dopos it 

Drown County 

Drovrnwood Send nnd Grnvol Co·. 
(t!~. ll Bros. Tioclc Crushe;r) 
~rOTT:lW'ood, Texas 

Eo.st s ido of Peen:!'\ DD.~·eu, 3 n'.i1cs south of 
Drowi!VTood on '.7ill inms P.o.nch rend 

Dnllo.s County 

:r.st Tcx~ s Grr.vcl Con:'o.r:.y , 01! ~?.rson's Slough ne f'. r Count~· li:1e, 1 J!lil 
1107 So.:1to. !_:'c ::luildir!g, :1ort:-, of southco.st c or:1cr of count:' 
Do. .i. les, Tcxc.s (C'ut or ~usiness) 

Gifford-::ill t. Conr>O.•i: · . be., 
610 f ortt Tcxns ~uil ~ i n~, 

Do.ll c.s, T _; xo.s 

Lr.govr 1:r tcrinls CC'm:Jc.n:· 
Scc.~ ovill n , Tcxns 

C. H. Robe rts Sc.1:d c. Gr::-.vcl 

(1) ~ :est side of Trinity !liver, 3 mil()S 
northcc.st of Irvine 

(2) Thrvc mil .; s vrost-northwost of r::o.:-;lo F' 

~o.st side c; Tri nity Tiivcr, ~ mile s :'lorth­
vr~. st of Sot!the;c.st .corr..:. r of county 

(Sar.~u c.s Gifford-::i 11 t:. Corr:;1c.1~~·, Inc. ) 

Fred J . Sr.-,ith r r~vcl Cor,l'"':-'. 11~', (1) I~ni ;"ht Pit on Frisco R~ilror-.d, 4.9 
~i1 c s south of C~rrollton 1303 Southvr...: sLr::-. Li fu Bld:::;., 

D~ll ~. s, Texc.s ( 2) Ord Pit on !Jt. LS'~; Ro.ilro r-.d, 1 rr.ilc 
west of Cc.rroll ton 

{3) Tr i nity l:ills Pit, 2 rr.il c s north of 
C~rrollton on ITT Il::'. ilrond r.nd 
r i ~rwr~.~· 77 

Vi 1 big Br os., (1) 2 r il e s southvrcst of Irvine 
2517 :::o.kin ~tr ;. ct, Dnll !'.s, TC; x ns ( 2 ) 3 1· ilcs r:orthe; ~. st of' Lo. :·lo Ford 

C. C. Hhitc , 13C!) P".r!-: Pl".cc, 
Da l l ns, Tcxns 

:.·i tchc 11 Grn vo 1 Co. , Dn llr.s, 
Tcxo.s 

:Jus so•' Gr~vc 1 ~it 
"( 0!'..:. r r.t or Ul"'J ~nom1) 

; 'urdock 0rc.vc1 l' i t 
( O~c r~.t or U:!'11 ::-.oYt!":) 

~~s. ~ . F. Po.rr c ll 
3710 .:'otot!nc, Dnll. ns, Tcxo.s 

\:est sido of Trinit~· Rivc. r, 3 miles south. 
n est of Cnrrollton 

8outh sid :: of Trin it:r :-!iv'- r, 6 mile s 
northLo.st of Lr.ncastc r 

Just c ~. st of ; ·i tch d 1 Cr~.v<-1 Co. loc~ li ty 

0:: smo.ll str.::r.r.. no .--. r Trinit:' TiiV·.) r, 7 milc 
southeas t of De1l~s. 

7 !"!ilc s :-: orth.::: r.st of Arlin t;ton o:: south 
side of Trinity Tiivc r, nnd 1 mil ~ south 
of Dorothr s:>ur o:· Roc!~ Islnnd Rt.ilrond 

Fl o~rd County 

~tt itcquc Sn;,".d t. r.r t-. vol Co., 
Lubbock, Texo.s 

10 1::il..: s sou hwcst of ': uit~q'L~O 
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IL T. l~eElror'.th, Dox 34-1, 
l~cm~his, To xes 

J. ,T. J.:cCo.sland, 
Raskell, Texas 

Lain Gravel Co~~nny, 
Cleburne, Toxo.s 

Lnin Grnvel Comry~ny, 

Cleburne, Toxa.s 

East Toxna Grr-.vcl Cor.J.?nny, 
1107 Sa.nta Fo 9uildin~, 

Do.llns, Texc.s 

Potts-J'oc:..co Grovel Com~nny, 
1610-12 Arnic£'.blc !Juildi~g, 

V!nco, Toxns 

Edv:in D. Ne e ley, 
Dox 1313, Hnco, Texas 

o. n. ~ ia.tson, 

Dowie, Toxns 

I:il1sdnlc Gravel Con:->a.n~·, 
Box S06, Sv-rcct1mtcr, Tcxns 

I:illsdo.1 ..:; r.rcvc 1 ComiJO.nj•, 
Do': 906, Svrec t\"ra.tcr, Tcxc.s 

IIa.ll ·County 141. 

4 mil.JS VIOSt of J.:cmphis Ol'! Sec. 17, 
D1ook 20, H & GH R~ilroa.d 

Irnskell County 

So.nd pit in southwest part of the 
town or r!aakell 

Rood County 

Dnnks of Drazos River near Granbury 

Johnson County 

~ightc 0 n miles west of Cleburne, 
2 miles south of Itig;ht'ro.y 67 

Kn ufmo.n Cotmty 

(1) 6~ miles south of Seagov11lo 
(Z) 1 mile east of Elm Fork 
(3) 3~· miles vrest of Enst Fork of 

Trir.it~· Ri vcr 

: ·cLc!"'.::c.n Cotmty 

Three miles north of Waco near left 
bo.~ of Brnzos River on Dri~ping 
Sprinp:s rond 

Locnl it~· Unkl"'.ovm 

Hontnguc County 

Three miles north of Bowie and 1/2 
r:lilc cnst of l:ighwny 81 

::1 tchcll Cou."1ty 

Loc :1 li t~· unkr.ovrn 

folan County 

On Sante. Fo Ro.ilroo.d, 3.2 miles west 
of Sw;:;otwnter on Swootvrntcr Creek, 
co.st of rnilrond 

01dhnm County 

Y!cstcrn So.nd ~:td Grnvcl Compa..::1y, 
Dox 160, Am~rillo, Texas 

At JudEl, on ~::DC Railroc.d, 8 miles 
south of Chor.ning nenr Canndinn 
River 
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Pnlo Pinto County 

Lcin Grnvel Com~nny, Inc., 
Cleburne, Texn.s 

Texas S i 1 i en Sn.nd Comp~n~r, 

2310 Cclhoun Av~nuc, 
Houston, Texas 

Six milE.s southwest of Hinero.l Wells 

Polk County 

Five miles east of Corrigan, on ro~d 
to Stryker 

Pottor County 

Texas Sand nnd Grnvel Company 
Box 1532, P~n.rillo, Texas 

One mile co.st of Oldham Coun1;y line, 
south of Canadian River on east 
side of FVJDC Railroad 

3o.n Jc.cir.to County 

Urbano. ~ru.d t>-nd Grnvc 1 Com:,o.n~', 
Urbo.na, Texas 

One nile co.st of I:i~~~· 33, end 
1 nile sout!1 of Trinity Ri vcr 

Stonownll Co~~ty 

HaJnlin Se.r.d n:1d Gro.v_,l Com!')o.n~r, 

Hamlin, Toxas 
One milo south of nrnzos River, 

end 10 miles northuo.st of Ho.mlin 

To.rrant County 

Fort V/orth Send Comr:>an~·, Inc., 
700 Eo.st Sixth Street, 
Fort north, Tcxns 

Ed Totmcycr, 
!revrcnstlc, Tcxns 

Between Rock Islo.nd Rcilroo.d o:c 
the north, !:'.r.d Trinity River on 
the south; beginning 2 miles 
west of P.urst Station n~d extend­
ing 4 miles on.st 

Young County 

Two miles southwest of l'~ewco.stle 

on Throckmorton Rigmvay 

j ·is eel 11'\~.cous 

The follocrinc h~vc reported ryroduction, b~t the locality of 
the do,os its from vrM.ch the mtcrinl vrr.s obtr.ined is unknown. 

~cntral Jru1d n.nd Grn.vcl Compo.~y 

l~s. ~. F. Farrell, 
3710 Potomac Avenue, 
Do.llo.s, Tt.:xo.s 

Go.nn So.nd nnd Grn vc 1 C or.1pv.ny, 
Fort Vlorth, Texns 

Tc.rrc.nt County 

Tr-.rr~nt County 



Gifford-Hill n~d Com~any, !nc., 
Dallns, Toxas 

Jeffries t : Dc.tts, 
Box 1742, Fort Yforth, Texas 

Weltor Kelley c.nd E. VI. Tibbets 

Joe l~co.dows, 
Pnducnh, '.L'cxns 

l!. A. EcCo.rty 

1.~. c. r·yars. 
Pencock, Tcxo.s 

f:ollo.nd Puge, 
Austin, Tcxo.s 

F. L. Pederson, 
C07 Uorth Polk Street, 
Amc.rillo, Tcxns 

Southwest Construction Compnny 

Tcxo.s Con~truction 1:'1tc rio.ls 
Com~o.n~r 

Fnco I:r".tcrio.ls Compc.ny 

Bowie, Ellis, nnd Son Jacinto 
Counties 

Tnrrnnt nnd flood Counties 

Floyd County 

Cottle County 

Dosquo County 

Stonownll County 

l'.cLcn:'Co.n County 

Potter County 

Do.llo.s County 

Liberty County 

West Texas Send and Gravel Compeny 

I:cLL.n!'l~n County 

llo\":ard Ci)unty 

Oldnhomo. 

Chcroho County 

Grnl"ld Roo.ds Grnvcl County 

Gre e r Count~· 

A. s. Coffmo.n 

J{t:\y County 

Blackwell Sc.:-:d ".nd Gr:--.vcl Compo.ny 
otM S~. :1d and Gro.vcl Com='o.ny 

I:usl:occc Count:.-

Pione;cr Sn•1d :-.nd Gr:-.vcl Con,a.ny 
Tulso. So.nd Compan!' 

Pnvl!tcc Count~, 

O&o.go Sc.nd Co mpa.."l~' 



!'ottnvr~tomit'l Count~· 

t:idwost I.!o.tcrio.ls c.nd Construction Compnny 

Ark~nsns River Snnd Compc~y 
D..'\t;by IInrris S~nd Com,any 
Chc.ndl r-r };~tcrinls Compnn~' 
Lnyrr.nn f'.nd Compnny 
I:Icl!ieha.ol Concrete Compc.ny 
Smith Snnd Company 
Standard Pnving Compn~· 
Tulsa Snnd Compo.n~r 

t~roods County 

Wnynokn Snnd ~~d Gravel Com~ny 

144. 



PRODUCTIOi'i OF ALL TYPES OF SA.{.lJ .AJ.ID GUAVEL Et TR1 T:.:L:ITY lUVJR T!liBUT.-Ll.Y k \.."M. 

Texas 

Commercial Production l!on-commercir.l Production• Total Production 
Value in i~o. of Valu e in Value in 

Year Short tons dollars Producers Short tons .:lollars Short tons dollars 

1935 2,042,469 1,5C4,231 531,504 s6,149 2,623,973 1,670,3~., 
1936 2,44o,581 21135,656 9821064 196,658 3,422,545 2,3341 514 
1937 21535,01+8 1,958,150 26 17e, 711 1191671 3,313,751 2,0771821 
1938 2,0171295 1, 3421816 ? - 1,161,737 3611709 3,1791032 1. 901~ . 523 -? 
19(.9 2,41),251 1, 581,744 30 !} 97~,596 212,017 3.390,957 1,793,761 
1940 ~ ,265, 6o3 1,541,474 34 89 ,054 2001874 3,160, 657 1, 7421348 
1941 4, 1421061 2,676,583 1,210,)62 161,234 5.3)2,643 3,0G7,617 
1942 6,128,~6 41664,270 37 1,161, 5o4 164,339 71310,34o 510 8,6o9 
1943 3.875. 7 3,204,435 32 777,465 95,081 4,652, 912 3. 299.517 
1944 3.436,013 2,G62,070 34 !l ~.o46 92,231 31901,056 2,954,301 

Oklaboma 

1535 442,477 237,4h7 734.385 47, 826 1,176, c.65 335, 273 
1936 723,357 426,G32 596,1305 96, 238 1,320,162 523, 170 
1937 633.757 6~,397 19 !l 263,102 46,737 9l 6,S59 394,395 
1938 433,697 2 ,245 21 376,359 105,967 610,536 350,212 
1939 550,491 975,696 13 JJ 975,696 212,017 1, 526,187 516,466 
194c 490,817 250,384 18 53t ,453 22,610 1,029, 270 27 2,994 
1941 [;17,030 557,200 16 646,070 46,475 1,463,100 603,675 
1942 1,6s9,234 1' 202, 940 1,419,461 743,648 3,108,695 1,946,588 
1943 1,332,613 1,006,704 608,346 16) ,113 2,1401959 1,191,817 
1944 735,155 334,165 16 j20,946 75 .932 1, 256,102 610,097 

• i·fu...•ici :>al, count~' • and sta te organizations. ~ 

!} f.ia~' be more ~)reducers than shown. 
~ 
CJl 
• 

All dat e:. from United States Bureau of lUnes. 
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GLASS SAND hND OTHER SPECIAL SANUS 
by 

D. M. Ki ::.ney • United States Geological Surv'!ly 
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A very pure silica sand (5102) is the major ingredient in the 
manufacture of glass. Other special silica sands whien re~uire sand 
similar in some respects to glass sand are filter sand, abrasiv~ sand, 
engine sand, and molding sand. Sand for the highest ~uality optical glass 
must contain 99.@ perQent Si02 and not more than .015 percent ~e203. 
Common bottle glass sanj may contain as little ss 95 pP.rcent 5102 but must 
contain less than 1 percent Fe2o3 • Iron is very undesirable in glass sand 
as it affects the color. The maximum allowable alumina content of common 
glass sand is 4.0 ~ercent. The pr~sence of lime (CaO) and magnesia (MgO) 
in small quantities is not hi~hly objectionacla althou~h magnesia raises ~ 
melting point of th13 mixture. Glass sand Must pass a 20 mP.r;h c~reen but 
only 2-3 perc._ nt may be finer than 80 mesh. lhe raquiremP.nt-s for the other 
specialized usAs of sana are for the Most part physical. Filter qand ~ust 
be fairly uniform texture and t he grain size ~ust be within Jertain limits. 
Abrasive san~ b9sides beine domin~tly of silic~ iG sold ~raced aceording 
to size. (See discussion cf abra iVP. sand in chapter on Natural Abrasives} 
The only requireMents far engine ~dnd is that it ~ust havA & minimum of 
small particl~s. Silica sand for lininr furnac~s and metal m~lds must have 
a raneP. of particl~ sizes and suffici9nt clay or adce~ plasti ~ fire clay 
to @.i VP. the sand bonding properties. 

Glass sand in the Trinity River tributary area is mined in open 
pits uSiilf.' jets of water under pressurA. The material is pumped to the 
plant where it is washed to rei'love thP clay Lnd much of the iron oxide. 
The sand is sold as moist sand, or as dry sand after having been dried i~ 
a rotary kiln. 

Gloss sand produced in the Trinity River tributary area is used 
in t~ e manufacture of most of tre gl ass produced in south -estPrn Unit~d 
States. Becaus~ of the abundance of cheap f uPl, ptirticularly natural gas, 
much of the glass is manufactured in the vicir.ity of tte glass sand 
~ e~osi ts. Glass sand is also produced frC'Jm the St. P•~tcr sandston~ in 
n•rthern Arkansas anrt eastern Y.issouri; these compP.ting sources severely 
limit the northern and eastern shipments of glass sands proliuced in the 
Trinity River tributary area. In some instances glass sand from Arkansas 
is shipped to glass plants located in the Texas part of the Trinity River 
tributary arP.n. 

OccurrencA of Glass Sand in the Trinity River Tributary Area 

Sands suitabla for the ~anufacture of glass are found in thA 
Simpson fo~otion ot Ordovician age in thP Arbuckle Mountain area in 
OklAhoma, the BurgP.n sand of Ordovician a~e neer Tahlequah in northeastern 
Oklahoma, the basal Cretac~ous Trinity sand in southeastern Oklahoma anj 
north cP.ntral Texas, ~nd in th~ Carrizo, Queen City, and Sparta sands of 
Eocen~ age in thP. Gulf Coastal Plain of Texas. The sands of the Simpson 
gro~p and the Burgen formation are suitable for ~a~inp container glass­
warP. and platP. glass. The sands in the basal Cretaceous and Eocene ara 
s-.itable for container glass only. (SP.e fig. 18) 
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The glass sands in the Simpson group occur in the Oil Creek and 
l:lcLish forMations in Johnston, ~r:urray 1 Pontotoc 1 and Carter Counti~s. 
In the central .-a-buckle I:!ountei ns the OH Creek sand is at thf'.! basE! or 
the Si,pson grou · and raQE~s 1n thickness from 150 to 400 fe~t. The 
:1lcLi sh sand is about 165 feet thick and overli13s the Oil Creek sand, 
~ee c0~~anies produce sand from the Oil Cre~k sand and one company's 
quarry is in the ~:cLish sand. The Burgen sand is e:x.posed five miles 
north~ast of TahlAquah in Sequoyah County, Oklahoma and may b~ present at 
shallow depth at other localities in northeastern Oklahoma. Northeast 
of Tahlequah at least 50 feet of v~ry pure silica sand are ~xpos~d. Both 
thP. Oil Creek and W.cLi sh sands of thA Simpson group and the Burgen sand · 
are correlated ~J ith the St. Peter sand stone which is mined extensively for 
glass sand in thP Missiisip:>i Valley. 

Th~ basal Cretaceous Trinity sand extends from Parker Couniy, 
TP.xas, west of Ft. ·;ortr. northward and thAn eastward in southern Oklahoma 
north of the Red River to the ~kansas border. Th~ Trinity sand is tram 
5 to 20 milP.s in wi1th but deposits of sand suitable for the manufacture 
of gl:Oss are rare. ~f:uch of thA Trinity sand is poorly sorted and contains 
clay und other Un~urities. However, south of the main body of Trinity 
sand in TP.xas a sane deoosit in the basal Trinity is being minP.d at 
Santa Arilla in Coleman County to supply a local plant manufacturing bottles 
a.d glass containers. 

The Eocene Carrizo, Queen City and Sparta sands of the Gulf 
Coastal Plain may hr vP. deposits of sand sui tar le for thP- mant<facture of 
bottlP.s but for the most ~art sand lenses in these formations contain 
too much iron end are too fine -grainen. 

The basal Cre tac~ous Tr i nity s and and tr.e Eocene Carrizo, ~ue~n 
Ci ty, md S~arta sand:; cross the Trinity hi ver Basin but d'3posits of 
suffi ci <3 nt ;>urity for t he r.~anufacturA of co ,..~on 'bottle f'lass ar e rarP. 
Glass ~and u~ed in this ~art of Texas i! i~portPd from northern Arkansa~ 
or ~: outhct"Yi Okla'~- o~a. 

Reserves 

Reserves of hi@:h grade glass aanfi. in the Oil Cre E' k ..... 1d McLish 
sands of the Simpson ~roup in thP. rlrbuckle N~untains are very large. 
The~e sands are of suf1'iciAnt purity for the manufacturA of container 
and pl dte fl].Ass and with benefi elation they might be madP acceptable for 
o ~ t i cal quality glass. Reserves of glass sand in the Burgen sand in the 
vi cinity of Tahlequah, Sequoyah County are :Ufficult to estimate because 
of the lack of outcrops but they are of sufficient size to supply largo 
scale industrial development.. Sands in the basal Cretaceous and Eocene 
rocks have not been i nvestigated sufficiently to warrant any estimate of 
reserves. 
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Com~anies Producing Glass Sand 

I 

Cempar): 

Mill Creek Sand Company 
Mill Creek, Oklahoma 

Sulphur Silica Company 
Sulphur, Oklahoma 

nd-Continent Glass Sand Companv 
Roff, Oklahoma 

Oklahoma Silica Sand Company 
Hickory, Okl,moma 

Geologic ·j!e ot Sand Deposit 

Oil Creek sand , Simpson group 

Oil Creek sand, Simpson group 

McLish sand, Si"lpson group 

Jil Creek sand, Simpson group 

Gl&ss manufac ·uring companies in the Tributary arf'la in Texas 
are the Knox Glass Company at Palestine and the Owens-Illinois Glass 
Company at -.race, Texas. 

There are several glass manufacturers in Oklahoma. 

Production of Glass Sand 

An a ~ ryreciable a~ount of glass sand is ,reduced in the tributary 
area, ::>rincipally in Johnston and ?ontotoc Counties, Oklahoma, but the 
production figuras are not available • 
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SOLUBLE SALTS 

D. M. Kiru1oy, United States Geological Survey 

Potash, COJmlX)n salt (or halite), calcium chloride, mepesium 
chloride, bromine, magnesium sulfate, and sodium sulfate are highly 
soluble compounds which, because of their sJlubility in water, occur 
more or less together in nature. Bromine, althouPh not produced as a 
salt, is pre~nt in brines as soluble bromides and is e-rouped with th3 
soluble salts. All or these compounds are present in sea water, in bedded 
deposits derived from the evaporation or sea water, in connate waters of 
marine sedimentary formations, or in saline lakes in areas un~erlain by 
evaportte deposits. Through various ~hysical and chemical processes the 
different e·.! ~ . ts r-ay be concentrated, Making fe •.: sible the commercial 
r~covery or at least so~e or the soluble compounds. Gypsum and anhydrite 
are commonly or similar origin but because or their lesser solubility, 
they are treated in a separate section. 

Potash 

Potash, a term originally ap .)lied to impure potassium carbonate 
(K2C03 ) extracted from wood ashes, but now n~plied more loosely to 
various other potassium-bearing salts, is e0sential to agricultur~ as a 
plant ~ood and has ~ any uses in industry. since !)Otash is produce• 
commercially as any one of several potassium salts, for purposes or 
comparison the potash content is customarily 3xpressP.d as "equivalent" 
potassium oxide (K2C) although potassium oxide is neither found in nature 
nor produced con~ercially. Potential!~ rreat potash reserves are present 
in the Permian ~ocks of the western part of the Trinity River tributary 
area but the only cam~rcial development has been ne~ Carlsbad. New Mexkc 
to the west of the tributary area. 

The ry-·i nci pal potassium beari ne: minerals ' in the rocks of the 
Permian Basin are sylvite (KCl), l cn~beinite (2MgSO~.K2S04 ), cernallite 
(KCl~Cl2.H20), and polyhalite (~S04.MgS04.2CaS04). The sylvite •ccur~ 
with vary1ng amounts of halite (NaCl), the mixture being known as 
"sylvinite". .:3ylvinite is the source of Most of the potash output in 
N~w Mexico although l engbeinite is also ~ined. Polyhalite, althou@hthe 
most abundant of all t he potassium udnerals in the Permian basin, con­
tains only 15.6 nercent ~quivalent potash and is not at present used ae 
a commerci al source of potash. 

Na .:·.rly 90 pe::: cent of the Unt'· ed States annual consumption or 
potash is usad in .the preparation of com""lerci al fertilizers; without 
potash-b~aring fertilizer~ the cotton, tobacco, potato, citrus fruit and 
truck crops >1ould be greatly reduced. In industry potash or its deriva­
tives are used in the manufacture of glass, pottery, soap, un4 matches. 
In the form of potassium nitrate (KN03) or saltpete~ it is an essential 
lnfredient in the manufacture of black powder and other explosives and 
is used for the pre~ervation ot meat. AS potassium cyanide (KCN) it is 
used in the eJ.traction of gold and silver from their ores and tn photo-
sraphJ' and electroplating. 
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In New Mexico, potash salts are mined from depths or 800 to 
~000 feet by the room-and-pillar method. 'fhe cru~e 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 tae sylvite. 

Prior to ·.oJorld War I, the United Stat< > was dependent upon 
imports of potash, the bulk of which came from the great Stassfurt salt 
deposits of Germany. Cessation of imports caused a serious sit•ation; 
the price of potash as potassium chloride or sulfete rose to over ~900 
a ton of avuilable K20. During the war, various saline lakes, kelp, and 
industrial wastes were used as sources or ,otash. Starting in 1911, the 
United States Geological Survey and the Texas Bureau of Economic Geology 
collected information and ,ublicized the possibility of finding potas~ in 
the thick salt-bearing Permian rocks of the Permian Basin in Texas and 
New Mexico. Ttis resulted in a nu-ber of government and private drill 
tP-sts and the liscovery bv a private Jmpany in 1925 of the potash deposi tE 
in Eddy County ·, ~Jew Mexico. Commercial production in New Mexico began in 
1931 and since that ti~e the United States has been virtually independent 
or foreign sources. 

Occurrence of ryotash in the Trinity River tribu~ary area 

Potash brine or potash miP8rals in well cores have been reported 
from Borden, Dawson, Dickens, Gl~sscock, Midland, Pottec, end Randall 
Counties :·nd are probably present E..t places in the interveninp counties of 
the Pe~iAn Basin in the Trinity kiver tributary erea. (See accomp3nying 
map for report e<'l nccurrences end ;, rea showing potash possibilities). Very 
little is known of the thickness, extent ~nd com~osition of the potash 
beds, the only data beinp. from oil wells scattered over a great area and 
e few test holes drilled specifically for potash. Practically all of the 
pot : sh so fnr discovered is in the ferro cf ?Olyhalite, an exception being 
the Jones area in sout~western ~!idland County where 5 feet of polyhalite 
and 6 f~et of soluble potash salts--perhaps sylvite--were penetrated in 
drill holes at f enths ranging fror 1,900 to 2,000 feet. From mine de­
velopment and core drill boles in the Eddy County, New Mexico eree , it is 
known that the potash rnin~rals are concentrated in s~all subsidiary 
basins within the ~ain Permian Basin and are concentrated near points of 
structural deformation. Because of the relatively small amount of drillinE 
that hes been done to date in the Trinity hiver tributary area, it is 
probable that the best deposits may yet remain to be found. 

ReseJ"ves 

From the grP.at area over which polyhalite has been found in the 
Trinity hiver tributary erea of western Texas ~~d the thickness of the 
polyhali te beds in wells, 1 t is apparent th <· t the potash reserves of the 
Trinity River tributary arec. are very L 1.rge. Resf'rves in the New Mexico 
potash field were estimated by the Geologicel Survey in 1940 at 75,000,000 
tons of equivalent K20. Because the New Mexico potash deposits are 
shallower ~nd cnn produce quantities f ar in excess of present domestic 
aad export demandst it is imptobable thnt the Texas polyhalite deposits 
wiJl be developed uhtil the New Mexican deposit~ have been seriously 
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depleted. The Texas erea is fUrther h~dica?ued because with one ex­
ce;?tion the deposits discovered to dete consist nrinei ?nlly of polyha11 te, 
on unsatisfactory source of potash under present conditions. A future 
~~rket for polyhalite m1pht develop, however. Fbr example, e~ricultural 
experiments indicAte th~t for certain uses, polyhalite cr:n be employed 
directly ns c fertilizer. ~\lrthermore, polyhalite cont~ins mognesiu~ as 
well as potossi um. The use of light-weight rr¥.:enesium r1lloys . hc.s incr.::.-~ei 
greatly during the w~r nnd this may stimulate reseLrch into new sources 
of the metal. Should a method b\J devised to extract both rnagn111cJ.um ~nd 
potqssium from polyhalite at a sufficiently low cost, the polyhalite beds 
may become of v··.luo. It should be pointed out, however, :.hat the Carlsbad, 
New Mexico ~rec. contains tremendous reserves of polyhalite which could be 
obtained from existing mines ~d with existing equipment. The opening up 
of the deeper ·~d still undeveloped Texas deposits is therefore likely 
to be long del:-.yod. 
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Cemnon Salt 

Common salt, ~ he mineral halite, (NaCl), is fGund at a number 
ot places within the 'l'ri.L:.ity River tributary area. It occurs ns s=-l.t 
doMes or p1ugs intruded into Cretaceous and TertiRry sedimerts, as bedded 
deposits of rock Ee l t in rocks of Permian age , 8S surfac~ encrustations 
and brines in salines, and as brines recovered incidental to p~trol~um 
production. 

Halite is soft (Mbhs scale of hardness, 2.5) and lip.ht in 
wei{l i'.o.t (sp. p.r., 2.1 to 2.6). :\'hen pure it i s colorlesa lut in its 
natural state it i s ~sua1 ly stained by s -all auantities of included 
impurities. In nature it is closely associated with gyps~ or anhydrite 
and with small quantities of t~e soluble sulphates and chlorides of 
calcium, magnesiun , and potassium. 

Salt, althc\.lf'h co!1'1..rnon · nd c heep, i s es ~ ential to life and the 
industrial prowth of a na tion. It is used in l 3r~e quantitieR in the 
preservation of mGat ~nd ath er foods a~d in th ~ preparation ot foodstuffs 
for m.arket. Livestock also r equir e oonsiderabl e s :lt in their diet. 
However, the f',l'eatest use of salt, ov er 50 perc ent of th e total Un i t e• 
States out-put of 15,214:,152 short tons in 1943, was in the chemical 
industry. Salt i s one of the basic raw ~aterials in the manufacture of 
th ~;~ alkal i vs, Na2co3 .r~aHco3 , a n4. · NaOH, hydrochloric acid (HCl), 
metallic sodi~ , nd chlorine . Increas i ng a~ounts of salt nre being ~e• 
in th e manufacture of metallic magn esi'..un, synthetic rubber, and plastics. 
Othe r industr i al us es are in soap manuf acturing, t ext i l e processing, 
curing of ~ id es nd l eather, r efrigerat i on , and in the rereneration of 
z~olit e s in softening wat er. 

Salt May bP. r ecovered by tinder~ound mining methods from 
beddej deposits or ~alt plugs. The rock salt is then arushed and scree ne~ 
to th e desired commercial sizas. Salt is also produced by injecting water 
into the salt bt'laring formation and pumping the brine into pens where it 
is evaporated to dryness using natural gas, lignite, or solar evaporation. 
For the chemical i n0•J stry concentrated brine as pumped from the ground 
needs no further tr eatment. 

In 1943, Texas produced about 7 percent of the total United 
States outp~t of salt and rank ed fifth among the states in total pro~ ~ 
ducti on. Oklahoma's annual o~tput is less than 10,000 short tons a year. 
The dP-mand for salt ~ almost constant except for tbe development of new 
industry. The present demand for cc ~~n salt in the Trinity River 
tributary area i s easily net by establishe d ope· ations and any probable 
incrP.ased demand could also be satisfied. Ko great expan~ion in the area 
usi~ salt prot ~ ed in the Trinity River tributary area is possible because 
of competition from established salt producers along the G~f Coast of 
Texas and Louisiana on the south and Kansas on the north. 
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Occurrence of common salt in the Trinity River tributary area 

• • Salt plugs - ~thin the Trinity River bas~n salt was produced 
for many years from brine pumped from the salt dome near ?alestine, Anderson 
County, Texas. The top of the salt was 140 feet beneath the surface and 
the wells ext~nded about 250 feet into salt. This operation was abandoned 
in the early 1930's. Salt plugs are roughly circular in outline, vary 
from 1,000 feet to £ ~iles in diameter, and extend to unknown but con­
siderable d~pth; the top of the ~~lt mey occur at any depth beneath the 
surface. Jther kno~m salt plugs Vlithin the basin are the Bethel and 
Keocbi domes in ~derscn Cour.ty, the Butler dome in Freestone County, the 
Oakwood dome in Freestone m d Leon Counties, the ?~oss 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 f easible tl1J1n the production of rock salt especially as 
many of the salt domes arc close to abundant sources of lignite and natural 
gas, fuels for t he evaporation of the brine. 

At tte Gr 2nd Saline dome, Van Zandt County, Texas in the Trinity 
River tributary ar ea but outside th e drainage basin the :r..~orton Salt Co. , 
mine~ rock salt from its Kle~r salt ~ine at a depth of about 1,000 feet. 
1be rock s~t is topped at 238 feet but Active mining has be~n below 
7CO feet. Erine was form~rly pr oducerl from wells ir. the northwestern part 
of tl'> e dome. Othe r kno·.m salt domes in the Trinity River 'th-ibutary area 
ar <; the Hainesville dome in Wood CO'..·nty; the Steen, Mt. Sylvan, East Tyler, 
·Hhi tehous c , Bul l ard :nd Brooks domes in .3rni th County; th<" Brushy Creek and 
Boggy Creek do~es in .~d erson County; th e LaRuA dome in c~naerson County; 
and th'3 Marquez d om~" in L,Jon Cour.ty. 

Bedded salt deposits- In Kansa.:; and west ern Oklahomh the salt 
hearing beds ar~ in the Pcrn1ian · ie llington formation; but over most of 
Texas <Jest of a line drawn between Stc:rling C'ounty and western HardeMan 
County,rock s ::lt !)robably occurs in sl~ghtly youngc,r beds, the Clear 
Fork and Double Hountai n groups of the Permian. The ~al t l"- cds usually do 
not cro1 out nt th e surface because th~y eithP. r are cov~red by younger 
rocks, were not deposited on th 0 eastern ed~c of th e Pennian basin, or have 
beE; n rem"V ed b~ - solution. The rock salt beds of th o .t'ermian basin in the 
TrL:i ty Riv er tritu1ary area vary : n combin<'!d thickness from nothing to 
more than 1,000 fe et. .M.t Colorado City, fJii tchell County, ·rcxas, salt brine 
was ';)roduc ed fror:1 a dt=:pth of 850 f ee t; the discovery well for this '.t~posit 
r cportoo 140 f ,.e;t of rock salt between 850 and 1,000 feet. In many lo­
calities in the tribut ary aroa 8alt beds are within 750 fe et of th~ surface 
and rarely are they de8per t han 1500 feet. 

Saline _l_akes, sprines and fl0od plains - In the early daYS sal t• 
WAS rel.!overed from seline :ekes, sprin~s, and river flood plains of wester1. 
Oklahoma and northdrn Texas in the Trinity River tributary area. Saline 
~ek ~s are still th e so urc0 for ~ost of Oklahoma's small output of salt. 

Oil fi eld waters - Salt watf: r is frequently uumpcd with pctro­
le~ in the ~ il fields of the area. The disposal of this wa~te water is 
a constant expense si nee it cannot be dump ed into surface drainage channels. 
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Comryanies Producing Glass Sand 

I 

Cempag: 

Mill Creek Sand Company 
Mill Creek, Oklahoma 

Sulphur Silica Company 
Sulphur, Oklahoma 

~:id-Continent Glass Sand Companv 
Ro ff, Oklahoma 

Oklahoma Silica Sand Company 
Hickory, Okl,moma 

Geologic .jee ot Sand Deposit 

011 Creek sand, Simpson group 

Oil Creek sand, Simpson group 

HcLisb sand, Si"'lpson group 

vil Creek sand, Simpson group 

Glass manufac ·uring companies in the Tributary arP.a in Texas 
are the Knox Glass Company at Palestine and the Owens-Illinois Glass 
Company at 01aco, Texas. 

There are several glass manufacturers in Oklahoma. 

Production of Glass Sand 

An a~ryreciable amount of glass sand is ,reduced in the tributary 
area, Jrir.cipally in Johnston and ?ontotoc Counties, Oklahoma, but the 
production figures are not available. 
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Oklahoma 

Year - Shert Tons Value 

1934 11 Y. 
1935 y y 
1936 1/ y 
1937 y y 
1938 1/ 1/ 
1939 II y 
1940 y II 
1941 10,743 $42,737 
1942 8,305 35,132 
1943 7 ,7li 30,496 

!./ Ir. cludcd \~ . t h ·'other s tat es" or undistributed. 

Texas 

Year Short Tons Value 

1934 ·~8,979 ~ 612,586 
1935 268,809 563,514 
1936 316 ,006 615,815 
1937 364,?80 623,037 
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 · r'1 i t ed States Bureau of Mines. 
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Calcium Chloride 

Calciuw chloride, CaC1 2 , is one of th e Frincipal dissolved salts 
contained in brin~" after thL nxtraction of coiimon salt. In its anhydrous 
form it is a whit e , higr.ly ae:liquescent substar.cci .. hose coaa<;<"ci al utility 
jep<:nrls upon its hygroscopic properties or t he low freezing r11int of its 
solutions. Large quanitit cs of calcium chloride are kno\m iL o~L field 
brine s and alkali lakfl brim·s of the Trinity River tributary are a but, 
for the most part, the rnat~rinl is not r e cevered. 

Ovt:. r 50 '9C.:r~•: nt of th r .. t.otal United :. tat :.. ca:.cium chloride 
output is us r·-i ~~_. st.qt :· - nd locol ~:w ..:rnm..:nts for lRy!.rw rtust on high·.·1ays 
and in rJf\k1 ng .; tat>i:!.i:: .:.d roads. LnrgL. quanti ti.ce arc also use;d 
for ic - control on sid c•.Ja lks and hie-hways, for curing and hardcm1ng eoncrete, 
for dust proofine coal, coke r nd other rnat t:rials, for circulating brine s in 
r efrigerating plants,and for an antifreeze in certain type s of 0utdoor 
mcebanical equipm0nt. J ther minor us es of calcium chlori~e are as a 
laboratory desiccant in nrying gas in gas ·- ~orks, as a rl tJ -hllr.lidifior for 
air-conditioning rooms holdinr delicate pr~cision instruments, for making 
calcium soao lubricants , ~nd for the extraction of lithium from spodumene. 

BftM T)ump•;d from wdls is first F·Vaoorated until the sodium 
chloride has crystalliz~rl out, and then by fractional crystall~zation under 
c~ntrolled composition and temperature conditions, c~lcium chloride is 
sP-parated from magnesium chloride and magnosium sulfate. For some purposes 
calcium chloride with magnosium chlorid~ and sulfate is acceptable, and 
for this purpose the re:Jidual liquor follo.;i~ prccipi tation cf corr.mon salt 
is thus merely 8Vaporat ~d to dryness. 
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Natural cnlcium chloride consti tutoa only a small pcr•entage or 
the total output, as ~re ct quantities are formed as a byryroduet in the 
chemical industry, especially the Solvay proeess fQr manufacturing sodium 
carbonate. Byproduct solvay-process 'cal'tium chloride is ronnet by the 
reaction of limestone and sodium chloride. t~st or the byproduct talcium 
chloride is not recovered; the amount recovered depends upon the current 
dema~1 for the refined product. It has been estimated that 90 percent of 
the c&l~ium chloridn derived from chemical plants and sotUum chloride 
br ines is wasted. 

The demand for calcium chloride i mmediately followin~ the war 
chould be good because of ~stponed road dcvclopm .nts by state ond local 
EOvernments. Natural calcium chloride produced from brino in the Trinity 
River tributary area can compet e witt the artificial byproduct material 
only by r eason of disparity in freight rates. Manufactured calcium chlo­
ride is produ~ed at a number of localiti es alone th e Gulf Coast. 

Occurrt nce of c ~lcium chloride in tho Trinity River tributary area 

In the Trinity Riv~r tributary area calcium chloride is found 
in varying quantities in all brines r ecovered fer the production of eommon 
salt, or may be recover ed from oil well trines. nnalyscs of oil fi eld 
v1aters from differ ent sources show that the concentration of calcium 
chloride varies within considerable limits. The hi gh calcium chloride 
wat ers may offer op~ortuni ties for profitable extraction if other dissolvro 
materials (sodium chloride , bromine , potash, and magnesium chloride ) are 
r ecover ed in the same opf:rat i o.. . ":' .. e Texas Salt Products Co., a subsidiary 
9r The Texas Co., ?roducej evaporated salt, bromine , and calcium thlori rl e 
from oil fi eld brines at ·.~ e st Tulsa, Oklahoma prior to 1936 but abandonad 
the operation in that y£'ar. The best source withi n t h(· tributary area for 
calciwt chloride from natural sources is probably wast e: bitter ns from salt 
r c t'ini ng. 
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Magnesium Chloride 

Magnesium chloride, MgC1 2, is a ··•hi tc, bitter, deliquescent 
salt which bocause of its hygroscopic characteristics does not occur as 
a solid under normal condttions but may be found in bedded deposits 
under cov~r. It is generallJ round with other highly soluble salts or 
potassium, caicium, and magnesium in sea water, the brines or salt lakes, 
and tho bitterns remaining arter the crystallization or common salt. 

~mgncsium chloride as brine in the electrolytic separation of 
magnesium metal supplies 85 percent of the United States potential 
output. In the past the principal sources of ,agncsium chloride brines 
in the United States wero wells in 1Mch1gan and sea water in Nbrth 
Carolina, but since 1941 sea water taken from the Gulf of Mexico ncar 
Freeport, Texas !'.ae become an important source. Because of its hygro­
scopic properties, magnesium chloride like calcium chloride can be used 
to lay dust on roads. Much of the calcium chloride marketed in the 
United States for t~is purpos~ contains both calcium and magnesium 
chlorides. lf.a~ c sium chlr ride ~ s also used in magnesite stucco and Sorel 
1 :..ment 'tu t the : · 1iS PS arc in decline. 

The produci~· ce:pacity of metallic magne:sium manufacturing 
plants in th e Unit ed Stat ~ s expanded 90 times during the war, far beyond 
the peacetim..:: r ._quir emcnts of th0 nation. Early it: 1944 the magnesium 
output was curtailen >o 60 p8rc unt of total capacity. F.stablished 
plants using seawater cr magnesium-rich ~~ell brines nppcnr adequate to 
supply the United Statos demands for many years. 

Occurrence of Ma~~i~ chlo~rle within the Trinity River tributary area 
I 

':!ithin th 0 Trinity River tributary area magnesium chloride-rich 
brin~3 aro known from Upryer ?0rmian horizons near Gail in Borden County, 
Texas. · This occurrcnc ... was drill ~d by th0 Ozark Ch emical Co. of Tulsa, 
Oklahoma, in 1942 who alsCJ inv estigated metr.ods <':, recovering commercial 
products from th.;; brine. Eigh magneSium chloria -,..rines in many other 
1 ocalities underlain by the salt b0ds of the P0rmt~, Basin of north and 
w<>st T0xns arc vnry possible . Magnesium chloride is also found in the 
brines of shallow wells underlying the alkali lakes of the High Plains. 
During the war the Union Potash end Chemical Co. at Carlsbad, Now Mcxi~o, 
recovered magne3ium chloride in the separation of potassium sulfate from 
langbeinite. The magnesium chloride r ecovered in this operation was 
sr.ippcd to AUstin, Texas, for convt::rsion to the metal. 

Brines rccov ... r 0d incidental to petrol8um production offer 
~nether source of magnesium chloride; the brine s of certain oil fieljs 
carry a much higher concentration of magnesium chloride than de others. 

Reserves 

Reserves of magnesium chlorid e in th0 brino~ of surface and 
subsurface waters of the Trinity Riv er tributary area arc v~ry largo but 
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with the perfection of the larpc scale plants for the extraction or 
magnesium chloride from seawater or subsurface brinos tram N[chigan, it 
is imprc·bable: that th'3se reserves ·11111 be develo:?ed. However, considerabll 
magnesium chloride may be produced trom the brines as a byproduct in tho 
extraction of other valuable salts. 
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Bromine 

Bromin~ is a dark reddish brown, highly corrosive volatile 
liquHI. It is found in semvntor end other brinP.s probably as bromites 
of magnesium and sodium. Seawater contains about 1 pound of bromine in 
2,0to gallons of water. 

The principal use of bromine is in th& manufacture of cthy~en0 
di brC'""tide , a .colorl ess, volatile , omulsifi able 1 poisonous liquid prepar~;; d 

by th~ ection of bromine on ethyl ene gas. ]~hylene dibromid e is u~e d in 
the manufacture of tetraethyl l~ad for addition to gasol i ne to improve 
antiknock qualit1 6so Large quantities are used in th8 manufacture of 
war gases ( c su~ cially t ear gas), aniline dy0s 1 and some synthetic rubber. 
Bromine is also us ed in photographic rPagents, disinfectants, medicine, 
fumigation, ~d chami~hcsis. 

Bromine is separated from br irw in a numbt;r of ways. In the 
Et '-' yl-Dow Corporation pr0cnss sea wat er is acidifi ed, oxidized with 
chlorine , and blown out with co~prcss cd air ln towers. The bromine is 
r ecovered as sodium bromide-bromate us i n€ Na2C03; acidification yi ol•s 
bromine. !mother cont 1nuous nroc ess u~~ s an el ectric current for ox­
idation of the bromides. h. batch proc r.ss of !'!:akin~ bromine USE; S sulfuric 
acid end an oxidizi~ ~cnt (sodium chlorate or manga•~se dioxid e). 

The us~ of t etra8thyl lPad te improve antiknock qualities of 
gasoline has incrcas vd .:; ach ye;'ll' . 'iii th the r esumption of civilian 
trav (~l following the war 1 the demand for leaded gasoline should continue 
to improve. The large plants to extract bromine from seawater on the 
Atlantic and Gulf Coasts appoar adcquat t- to supl?lY all demands c·f the 
immediate f utur e . 

Occurrence of ~n0 in the Trir.ity River tributary area 
e 

: a tho Trinity River tributary ar ea bromine, probably as 
magnesium bromide, is preso~t in the alkali lakes of north and west 
T~xas 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 trom same of 
the salt domes in southeastern Toxas have a strong odor of bromdno or 
iodine. Tho only output reported from the tributary area was by the 
Texaa· Salt Products Company at ~ilest Tulsa, Oklahoma, prior to 1936 • 

Reserves 

Bromine reserves in the alkali lakes, oil field brines, and salt 
domes are !)robably vory lal'f'e but it is do ·..1bttul that they can comp•.~ 
with the efficient large-scale plants using seaw~tor which arc located on 
the Gulf Coast of Texas and Louisiana. It is possible that bram1~e can be 
produced in relatively small amounts fr~m brines other than seawater whict 
have been treated for the extraction of other dissolved salts. 
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Magnesium Sulfat e 

Y~gn~sium sulfat~, MgS04 1 occurs in nature as kieserito, 
MgS04.H20, or epsomito, ~~so4 .7H2P• Ki 0sorite occurs in bedded salt 
dcposi ts with other saline minerals; cpsomi tc occurs as an efflorescence 
on rocks ~nd is especially common on mine wnlls. ~~nesium sulfate 
~omMonly occurs in solution in subsurface brinos of the P~rmian Basin of ~ 
Texas and in thC; surface waters of the larger alkali lakes of tho High 
Pl.ai~s. 

Magnesium sulfate in aqueous solution is used in coagulating •. 
rayon, in tanning hid ;1 S, in the oreperation of pharmaceuticals, and in the 
preparation of commercial f ertilizers. The United States uses between 
20 and 30 thousanq t0ns of ma~ncsium sulfate a yc~r. 

Magnesium sulf~tc may be made by neutralizing caustic-calcined 
magnesia with sulfuri-c .1cid solution, and this manufactured product 
competes with the natural magnesium sulfate. 

Occurrences in t~e Trinity River ~Y ·area 

In the Trinity River tributary orva Magnesium sulfat~ is re­
covered from sh~llow well brines in en ~lkali lak~ bed near O'Donnell, 
Texas, by the Ari7.ona Ch emical Company, a subsidiary of the American 
Cyanamid and Chemieel Corporation. Brines from other alkali lakes, waste 
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water fr•m p€trolcum production, ~nd subsurtaee wnt~rs recovered from 
wells drilled in the Permian Basia of north ?~d west Texas all contain 
magne1ium sulfate to some extent. Recently 44 percont of the iissolvod 
salts of a brine from a well in the Permian rocks of Eddy County, 
New Mexico, was reported as magnesium sulfnte. 

Reserves 

Undoubt edly large reserves of m~pncsium sulf~te ore present i n 
th~ surface and suisurfacc waters of nortn and west Texas and the oil 
f i e ld brines of the rcmninine ports of the Trinity River tributary area. 
However, these brines cc·uld not be processed for the mognesium sulfate 
content ·;lon£; but if sodium sulfate , mognesium chlorid P. , cr lciuin chlori de, 
bromine , ··nd other dissol ve: d sP.l ts wer0 reccverfJd • the- liquor might be 
tr eet cd ot a profi t. 

B1 bli o~rAphy 
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2. Sell ards, E. li . ~nd Evans, G. L., Tc Y. ':!S Looks J\hoad: Univ. Texas, 
Vol. I , The Re sources of Tcxcs, p. 108, 1944. 

Sodi um Sulfat e: 

Sodium sulfct c , Na2so4 , is one of the basic compounds in th e 
ch anicnl i n~ustry. I n t~e Unit e~ States it occQr S as brines of alkali 
l akes i • many of t h£. t-·e st c. rn st r:t es. Al though so100 sodium sulfat e has 
always bucn r ecover ed f rom this sour~ e: , unt i l r ecently most of the ~om­
rncrci ol sodium s ul f ~t e WQS salt cake , o byproduct in manufacturing 
hydrochloric acid from comPnn selt end sulfuric ncid. I n the Trinity 
Riv e: r tribut~'.ry ar ea natur~ l sodium sulfate occurs in nost of t he !i].kali 
l akes of nort h e.nd west Texas. 

A nu.TrJbf: r of sodium sulf~tc mincr ~ls occur in P.lkcli lakes; the 
more i!l'lport3Ilt r.r l,) thcnardi t (; (Nn2so4 ), gl e.ub cri t c ( Na2S04.~ '), and 
mirF' bi 11 t c. (Na2S04.lOH2o) • Except thcno.rdi t (; which is wh i to, :i1 of the 
minerals ~rc tr~~spnrent, colorl ess crystals th et nrv bitt er or salty to 
the taste . Much of the) sodium sulfat e 1 s in th e. brine which s r.. turat cs 
the s end an d silt of tt c ' c. kc fill. In c f ew nlk~li luke beds, sodium 
sulfa t e mincr c.ls, principally mirebilit e , occur beneath ~ few feet of 
cl astic s edim~nt. 

The grcat~ st in~ustricl usc of sodium sulfate is in the man­
ufactur e of kroft pepor by the sulfate proc t SS of making wood pulp. Other 
uses are in the mnnuf~ctQrc of heavy chemitels, r cyon end textiles, gloss, 
the standardization of dyes, and ns a flux in met ~llurgy. 
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Natural sodium sulfAte is "roduced by pumpi~ the brin·c from ·· 
sh~llow lakes nnd cvaoornting to dryness or precipitating the eont~incd 
solids under c~ofully controlle d tcmpernture conditions. 

A rec~nt trend to abandon tho sulfuric ncid method of mnnufaeture 
of hydrochloric ~cid for th~ ~nscous combination of hydrogen ~nt chlorine 
hns resulted in e shortngc of s~lt enkc. Th0 deficiency hcs boen modo up 
by imports of l~rgc qunntitios of sodium sulfate from Gormcny ~nd imports 
of naturn l sodium sulfe tc from .3 1\~~atct.L \Ian, Canada. 'In'~ doc-=-stic r·1tp •1 t of 
r: _ ~.urnl sodium sulf.J.tc from nlkcli l e ke brll&<)b r'"ls incrocsod mark(;dly but 
the tota l quc.nti ty from this source is only o. sm::.ll perccnt l:!gc of tho 
Unitt::d States consumption. Th o d "'velopmont of ~ : lnr~c krr.ft paper 
industry using the pine fC'r·ss of the South hr.s crect Gd !'.n import a nt morkc· 
for sodium sulf" t c produc ed in dk~l1 lakes of th£• Trinity Ri v 0r tri butnry 
'".r eo. . 

Occurronc c: s of sodi urn sulfotL. in th e Trinity Ri vc r t::-1 butnry -~rC; n 

In t't~ Tr i nity Ri v , r tri ht.;.t ~.ry cr v~ sodium sulf '.t c is r ~.; port cd 

from ~lk · '..l i 1 r. kc s in B-.il cy, Cochr;·. n, Gninc s, Ho ckL.:y, How r.rd, Lmnb, 
Lynn ::-.nd Te rry Jounti-:;s. Sodium sulf·:t r: is dso known fr<!ll undcrgroun4 
wntcrs of th e: Cr ~ t -:: c c ous rocks of c entral Te x as r1 nd the Pcnnsyl vnni:m 
rocks :; t Min~r ~l .: ~ lls, Pr: lo Pinto County, Tr. Xr>.$. The prob r :bl ~ source ot' 
th e sodium sulf ·.t c. ir. th ~..; ::j.k · 11 lnkc:s is the <.~nderlying Pcmi:::.n 
gypsifc rous rocks of th <.- ?<.- r r: i ::! n Br,sin. 

Soc i•.m1 su1f-.t .:.: i.s bd r.g rroduc e:d in .he 1ri.nity Riv or tri hut .. ry 
".r(; " t y the nrizon -: Chc. !n ic :-:1 Comp -:r.y, ·: subsidi ::ry of the JU!Icricr:m 
Cy::.namid 'md Ch . .: mi c ~l Corporr.tior., in pl :mt s o. t 0' L'onncll, Lynn County, 
·~ nd Brownfi (; ld, Te rry County, Tc: :x :!. s. Th e product go es ~lmost .::ntircly 
to the kruft ")-:p.::r industry. The first output •f th:; pl .·:ntE> wa s :n 1938. 

Rc s ...: rves 

Grc ~ t ~u~titi cs of sodium sulf - t exist in th e brines of 
-::. lk -:11 v -.kc s ~ nd wP-11 w·.-.t crs in th r; west ( rn '1~. rt of the Trinity ki ver 
tribut::~ry -.r e-: . A rd tiv.::1y ne w · nd r .: pidly e xp ··ndi!l€' m:: rkc t for sodium 
su1f··t c exists in the kr~ ft 0-:'.pvr industry which us e s th e pino fort:sts 
of Er.st Tc x~s, Ark"..lS''.S, ;~ nd loui si:":n:": . Howev er, to compet e with forc igh 
sodium s•Jlf··t ;, which c :·n b L: i port..:d ·~ t Gulf ports .~ t :'. compc.r ·~tiv .:: ly 

low price o? s ~.lt c -:kc which c-:n b e m~nuf :~ ctur c ri from sulfur · nd sr.l t 
produce d clan~ th e Gulf co· .st, the cost of "'reduction of th ..:: n ·:tur::: l 
sodi urn sul r --.t .__ -t.;.st l! c kr pt .~ t :1 miniMum. 
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SULFOR 

D. M. Kinney, UnitP~ Stat~s Geological Survey 

Sulfur is a non-rnAtallic yellow mineral whic~ has a hardness 
of 1.5 to 2.5, a specific gravity of 2.05, and melts between 234° and 
248° F. S•·lf"r is .·. pwr cvr,ductor of heut .....l.d electric~ ty <i.I:.d is ins->l 
uble in water. 

Over ?0 percent of the U11i t.1:U St~ teE CO:lSUDl;>tion is made into 
sulfuric acid and an additional 16 ~ercent is converted to calcium bisul 
fite and sulfurous a c id for the 3Ulfite conversion of wood pulp to paper 
Principal uses of sulfuric acid are in th~ manufacture o super-phosphat 
fe ~ilizer, refining of petroleum products, manufacture of chemicals, 
the pickline of metals prior to galvanizing and tin plating, and in 
storage batteries. Native sulfur is used in the manufacture of syntheti 
~ubber, t he vulcanizing of rubber, and the preparation of insecticides 
and fungi cides. 

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 "'any years. Th~ sulfur is associated with limf'stonA, anhy­
drite, and gypsum in the cap roc~ of salt domes, structures which have 
great importanc ~ in the :ocalization of oil in the Gulf Coast area. No 
sulfur is ;.. rod ·.1 ced at t he present time in the. Trinity River tributary 
area, but th e planne J dev~l09:"!ent of the Mos£ Bluff dome almost on the 
banks of the Trinity r. i ver in Chambers and Liberty Counties, should 
makP. the area a s ubstant i al pr~ducer. 

In the typical sulfur-bearing salt dome th~ cap reck is made 
up of a layer of porous limestone resti~ on a thicker layPr of anhy­
drite, in part al ter ect to eyps,un . The anhydrite in turn rest~ en the 
salt. Sulfur impr~gnates tre porous limestone as sea~s and cavity fill­
in~s; a barren ca~ roc~ limestone which varies from 5 or 10 feet to 200 
feet in thickness overlies the sulfur-beari~ rock. The sulfur-impreg­
nated limes tone may vary from 25 to 300 feet in thickness and must aver· 
aee 100 fePt in thickness to be workable. ~e actual sulfur content of 
the porous limestone in com~ercial deposits ranges between 20 end 40 
pcrcP.nt. 

The sulfur in the porous limestone cap rock is extracted by 
the Frase~ process in which supArhPated water (3000 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 woode1 
storage bins where it harden~. Sulfur which also occurs to some extent 
in the anhynrite layer n~ar th e limestone cap rock contact cannot be 
extracted ' ! the Frasch process becausP. the anhydrite lacks porosity 
for the circulation of the superheated water. ~ne well is capable of 
removine the sulfur from one-half acre. 

Gulf Coast sulfur controls the world markAts. The native 
sulfur deposits of Sicily have ~rAat 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 th1 final product, tt ~y do not present serious competition even in 
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tha European market. Pyrite (F~S?) is th~ greatest competitor of sulfur 
in the !!l8.DUfacturE" of sulfuric acid as it is freq11ently a byproiluct of 
mAtal and coal mining. Sulfur is also obtained as a byproduct from 
gases of industrial plants and considerable sulfuric acid is made from 
flue gasc!s of S1"'1el tcrs treat:ng sulfide minerals. '!'he developr.1cnt of 
the Trinity Ei?er north of Liberty would make ch~ap barf.e transportation 
available for sulfur produced from thP. Moss Bluff dome, thus stimulating 
tJ"1.P developro8nt of the domp and enhancing the value of the dP.posi t. 

OccurrP.nce of Sulfur in the Trinity River Tributary Area 

S~lfur is known to occur in co~ercial quantiti~s in only 8 
of the morP. t~an 200 known salt dom0s of the Gulf Coast area. In Texas 
t he devP-lOpPd sulfur-bearing salt domes are c~ncentrated between the 
Mouths of tho Brazos and Colorado Bi vP.rS in Matagorda, Brazoria, Fort 
Ber.d, and ~'lhaTton Counties, southw-3st of the oouth of the Trinity River. 
Th~se io~es art limited to a ba~d extending 70 miles inland from th~ 
Gulf of Me :xi co. 

I n the Trinity Fivor basi~ th~ Moss Bluff salt damp in Lib~rty 
Ar!d ChambP.rs Countie~ is known to contain sulfur in the limestone cap 
rock. Tb<:> Moss Bluff dome is elliptical in ground plan with dimf'nsions 
of 1~ by 2 mil~s at a depth of 900 fP-et. The cap rock c:xtP.nds tJ within 
6~0 fe~t of tht surface and salt is penetrat~d at a depth of 1.170 feet. 
ThP. Moss PL:ff do,..·e has prOVP.d to b~ only a small petroleum producer and 
thP. ar~a i~ r~ported to have ~een leased and exte~sively drilled by a 
major sulf t~-producing compa:1y. The company is said to be planning 
develo~P.nt RS soon as P.quip~P.nt is avail~ble. The great ~ajority of 
the salt damPs in the Trinity River tributary ar~a arc more than 150 
Milas from thP. Gulf of Mexico and on an E::mpir1cal bAsis the sulft,;.I" possi 
biliti~s of thes~ dones are slirht. 

Be serves 

Sulfur reserves a·t the Moss Bluff salt do:"".e have nC't been 
published. However, if a major sulfur-producing company is planni~ 
~Pvelop~ent of the do~e. the reserves must be largp inasmuch as the 
capital investmPnt in a Frasch process pla~t is considerable. 
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COPP:ffi 

A. E. Weissenborn, United StatAs Geological Survey 

The uses of copper are too well known to require discusnion 
here; the importance of this metal in the national econc.1y has be<>n all 
too ~learly de~onstrated durinp the war period. This country has for 
mas.y years led the world in the ?roducti on of copper, but despite 
greatly incr~ased domestic piJduction and lar~e imports from foreign 
sources, supplies were insufficient to meet wart : Me de~ands and the 
use of copper had to be restricted to the inost esser.tial military and 
civilian needs. 

Arizona, Utah, ar.~ Montapa are thP. principal copper-produc i ng 
stat~s. Together with New Mexico, Nevada, and Michi~an they account 
for approximatPly 9? pPrcer.t of the copp~r produced in this country. 
Texas contri tute.s or..ly about ') .r)l percent to the tot~l domestic produc­
t ion, and therP has b<>e!1 no production of si€nificance from Okl&hor.la. 
None of t ~: P. TeXIif: :; reduction comP.s from the Trinity Riv~r tributary 
ar~a. 

Altho~h the Trinity niv~r tributary area has never produced 
fipprncj abl~ ar.~ounts of copper, i t sho·.1ld not be inf~rred that deposits 
o~ copper ar P. unknown in the rP.gion. On thP. contrary, deposits of dis­
sP.~inated ccppPr minerals ar e wi ncly distributed in thP. sedimentary 
rocks of f~rl!"d.an &f e throughout west T,~xas and Oklahor.:ta. These deposits 
are known as the "n ed Red" tyoe of deposits because of their close asso­
ci~t i on with sedimentary r ocks predominantly red in color. Oth~r P.Xam­
ples of th : s type are found ir. New Mexico, Arizona, Colorado, Wyoming, 
Utah, and :deho as wP. ll as in various plRc~s in Europe, C ~ntral Asia, 
Turkestan, Sou t h America, and other parts of thA world. 

hltho~h the Red RP.d copper deposits are scattered throughout 
tte world, the copper cont~nt is generally so low that d~posits have 
not ~een An important source of copp€r. In a fP.w pla~es the deposits 
have been successfully exploited. The best exampl e s of success f\.41 opera­
tion in this country are thP. Scholle, Naci~iento, and Pastura depos its, 
all i n ~ew Mexico. The total product i on to date from th esP thrfe local­
itiP.s, however, probab ly anounts to less than 14,000,000 pounds of 
copper. This production, Rlthoucr of local importar.c e , is lP ss than a 
si ~fle ~onth's output of one of the large porphyry copper ntines, and 
consequently, is of sl iP<.h t sipni fi cancc in tre national ecrmomy. 

Ove r a period of many y~ars numerous attempts have been made 
to mir.e the ~ed Bed deposits in the Trinity tributary area, but so far, 
none have beP.n successful. Of recent years ore from the Pasture deposit 
in New Mexico has commanded a premium price at th<! El Paso smelter duP. 
to its high silica content. The Pastura mine~ are approaching exhau~tio ~ 

and should the d~Mand for high silica ore continue, it would tend to 
encourage the SP.arch for siliceous ores from the similar deposits of th~ 
Trinity tributary aLPa. The demand for this purpose is limited, however 
Exploitation of the Red Bed deposits on a large scale would req~ire an 
increase in the price of copper which cannot now be foreseAn, even takint 
into account the serious depletion of this nation's reserve~ of copper 
as the result of wartime dAmands. Lower freight rates which might result 
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from canalization of th~ Trinity River are not likely to have much 
eff•ct on the developnent of the Red BP-d copp~r d~posits. 

Occurrence of Copper in thP. Trinity River Tributary Axe :~ 

General GP.ology of the Eed D~d Deposits 

The sedimentar~ or f.ed Bed copper deposits, are with few 
exceptions restricted to rocks of Pennsylvanian, Per~ian, or Triassic 
age. There ~ee-: s to b8 some ev : dence th a t the copper minerols in at 
least some i:1stances were deposi tP.d 1n shallow synclinal basins within 
tr ~ se rocks. ~lt~ough the rocks with which the deposits are associated 
ar s dominantly r ~ d in color, the particular beds in which th e copper i s 
actual ~Y fcund flre IT:Or <> apt to be white or light ~rAy. The copp8r 
.·ccurs in arkosic.: scndston"'s, srales and conP.lomcrat,s and is commonly 
associ~te (1 wi th plant r emains or fossil wood. Tte mineralOf.Y of the 
r! "" posi ts is :-: •. ,. , kinely similar the ·.vorld over. Most of the copper was 
1~po si t ed as ct alcoc i te. com."'1only associ a ted with iror, sulphides and 
is found cener.ting san~ gra ins , as r~placements of plant remains,foss i l 
wood and i ron sulph~des, or as discrete nodules in sandstone and shale. 
Chalcopyrit~, covellitP., and bornite may also bP presQr.t. !n places, 
especially on th e outcrops, th e copper sulphide s havP. t ~en morP or less 
compl~tP.ly oxi diz~1 and thP sulphide minerRls alterP.d to malachitP, 
azuritA and chryqocolla, or mor~" rare l y, to cuprite, ~ enorite, atacamite . 
and native copper. Vanad i um Rnd uranium are found to h~ associated with 
tf.P. coppnr in some placP.s. Ni ckP.l, chromi urr.. mol ybdPnurn, lead, and 
silv0r also occur in varying amounts. 9~rit~, caleite, and gypsum Ar~ 
found in the c0pper-bearing oPds, but they ~e equally abundant in 
other beds from which copper i~ atsent and appear to have no close 
gen< : ic rP.lat i onship to the coppP.r ~ineral s . 

· istributicn of the Red Berl Copper Deposits in the Trin i ty Ri ver Trihu­
tary Ar f' A. 

Cc';1p_PI _r~posi.t~_l_n t ht> t'c: r :"liP.r, F-:ocl<;s - The nurnProu s copper-stain$d 
outcrops in th e Trinity tributary early attracted t he attPntion of 
trapp~rs af!d prospectors and are m~>ntioned in t he report of the Marcy 
r~peottion wh i ch explored the Red River in 1852. Tt e green-colored out­
crops of thP. RPd Bed deposits are not only cor~picuous but they tend to 
r ive an exag~eratPd impression of the proportion of copp~r actually con­
tained in th e bt>ds; this has lead to numerous unsuccrlssful attempts to 
develop them. 

In the Trinity tributary area the sedimentary copper deposits 
are almost P.ntirely confined to BP.r~ian rocks, altho~h the coppP.r-bear­
ing beds are found at several horizons within the se rock~. Permian 
rocks do not crop out anywhere in thP. Trinity River drainage basin; 
consequ~ntly all the copper deposits of the tributary area lie outside 
the Trinity River watershed. 



l?l. 

In the tributary ar~a part of Texas, copper deposits are 
known in thA Wichita, Clear Fork, and Double Mountain groups of the 
Per .. ian. T!':e ae;osits in the Wichita group crop out pri.lcipally along 
the Eip. and Litt l e Aichite Rivers in .Archer, Clay, Montague, and Wichita 
Counties. The most conspicuous outcrops are near Archer City and unsuc­
cessful attempts wer~ made to mine them many years ago. Copper deposits 
in sandston~s and shaleo of Clear Fork age are report~d 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 disclosed the presenc~ of disco•~~ected lenticular ore 
bodies througr.o ut a length of several thousal!a feet. Other areas re­
po~ted to have been prospected at one tim~ or another are in the vicinit~ 
or Seym~ in Baylor County, and Buffalo GA~ in Taylor County. Copper 
showings in tte Double Mountain group are known in Stonewall, King, Knox , 
Foard, and Harde~an Counties. Prospecting has be~n carried on in the 
vicinity of Buzzard !.iountain in King County, Knox City in Knox County, 
and n~ar the town of Vivia'- in Foard County. 

Copper deposits in Perrian rocks in Oklahoma are found in a 
great many localiti~s, and over a wide area. In Garvin County a few 
tons of ore have been sh1 pped from a prospect near Paoli, and a sM~ll 

production has been reported from the By~s prospect 4 miles southwe~t. 
of Byars in McClaiDe County. The ore is said to have contained consid­
erable silver in addition to tre copper, but the operation was not suc­
cessful and t~ere ras b~en no work done since 1913. Some prospecting 
has also been re'Jorted near Lela in Pa·.,nec County and in the vicinity 
of Ei llsdalP. in Garfi cld County. Copper sr,owi ngs have also been ob­
s~rved in Blai ~e, C3ddo, Grant, Greer, Kingfisher, Lincoln, Logan, 
Major, Nobl~. Pontotoc, Pottawatomie, S~m.inole, Washita, and Woods 
Counties, and doubtless th ere has been desultory prospecting in count­
less localities other than those suecified. 

Copper Deposits in Locks Other Than P~rmian - A copp"lr depcsi t 
filling a fault in roc~s of Pennsylvanian age is four.d in western 
Okf'Jskee County, Oklahorr.a. Two unsuccessful attempts have beer. made 
to mine this ore, the latest being in 1934 · .• hen 30 tons of ore w~re 
sripped to the El Paso s~clter. The deposit is of interest as it is 
one of the fPW in the Trinity River tributary area not associated with 
Perrr~an rocks. C. A. Merritt of the Oklahoma Geological Survey believPS 
that the copper was derosited from meteoric waters which circulated 
through th~ fault zone and whiQh presumably obtained the copper from 
overlying Permian s ediments now erodeg away. 

From time to time, showings of copper have been discov~red in 
veins in pre-cambrian i~neous rocks in the Wichita Mountains of OkltihomA 
but nothing has been found to dat8 which would indicate that the depo­
sits are of any importance. 
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Reserves 

Althou€h some of the in11vidual deposits appear to have been 
fairly thoroughly testP.d, th~re has been no systematic inVP.Stigation of 
t ~.e Red Bed deposits of the Trinity River tributary are& as a whole, 
and specific figures of reserves of copper in the iermian beds cannot 
be piven. The state~ent can be ~ade, however, that the tonnage of 
copper conta i ned in these rocks is large, but that exeP-pt locally the 
grade is so l ow that the deposits cannot be worked under present con­
ditions, or under ~ny conditions which are likely to exi~t in the fore­
seeable future. They should not be regarded as a reserve in the ordinar: 
sens~ of t hl" term, but rather as a resource which might be utilized in 
some period of 1ational emergency or in the distant future when other, 
higher grade deposits in this country are exhausted. This does not 
preclude the poss i bi lity that small deposits, favorably situated, and 
Nith a tigh er cupp er content that the average might not be mined, par­
ticularly if t r.e ore receive s a premium for its silica content. 

.t'J:m!OnS 1 

l905. 

Bib l1 oa:raphy 

F., Copper in th e Red Beds: Bull. 260, U. 0. Geol. Sur., 

2. Fir:ch, J o~:n .. :e llini!ton, Sedimentary copper depo ; ~ ts of the v:este:-n 
United S tat os, lE. OrP De !)os its of the WP.stern States, lst Ed., pp. 
481-48?, Am. Inst. 1·:~in. f~ nd Met. Er.g., 1933. 

3. L ndgrP.n JaldAmur, lv:inera l de po si t~, 4tt Ed., pp. 403-409, McGraw­
Hill Book Co., I nc., 1933. 

4. ~·:nrcy, Fa:.dolph B., cxolor ~ tion of th f: F\ed River of Louisiana in 
th e year 1852, Exec ~tive ~c. 33rd Con~rP.ss, lst Session, 1854. 

5. Merritt, C. A., Copper i n th e "lte d Beds'' of Oklahoma, Mineral 1\eport 
~·io. R, 8klahoma GP.ol. Surv., Sent. 1940. 

6. ftogers, A. F., Origin of tr:e copper orcs of the "Red Bed" type, 
F~on. Geol., Vol. 11, pp. 336-380, 1916. 

?. Rictards, Louis M., Copper deposits in the "Red Beds" of Texas, 
LCOn. Geol., Vol. 10, pp. 634-650, 1915. 

8. Sellards, L E., and l!.'vans, Glen L.; DescriptiVP list of Texas 
industrial minerals, in Texas Looks Ahead, Vol. l, Th~ resources 
of Texas, Univ. of Teias, 1944. 

9. Schmitz, E. J., Copper ores in th ~ PerMian of Texas, Trans. Am. 
Inst. Min. Eng., Vol. 26, pp. 97-108, 1897. 

10. Tarr, W. A., Copper in the "Fed BP.ds" of Oklahoma, ~con. Geol., 
Vol. 5, pp. 221-226, 1910. 



l '7.3 • 

IRON ORE 

H. B. Stenzel and H. c. Fountain. Bureau of Eeonomdc 
Geology. University of TP.xas. and D. M. Kinney. 
United States Geol~ical 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 
o·. a large scale until the years 1944 aPd 1945. In these yPars spec­
tacular industrial developmer.ts new to Texas and the great demand for 
lorn and steel focus ed public attention on this natural resource. Only 
a few of tr.e deposits in Oklar.oma 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 tw0 kinds: the brown ores 
and the carbonate ore. The brown ores are composed of an intimate nat­
ural mixture of sP.veral 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) l/ 
X-raj· e:xar_ination revf'als th e 1 imoni tic or~s to be composed of a fine 
mixture of about 80 to 85 percent of the mineral goethite (Fe203.H20) 
a~d 15 to 20 percent of the mineral hemat!te (Fe2n~). The impurities 
generally consist of sand grains of quartz (Si02), pieces of clay or 
shale, more or less weathered grains cr glauconite. and sor:1e phosphatic 
materials. 

The limonitic ores assume many different shapes and struc­
tures. The nodular or concretionary ores have an endless variety of 
fort!l as nodules or concretions or honeycombed. botryoidal, stalactitic, 
ar.~ m~llary irregular masses. Colors vary frtm o cher-y~llow to 
brown to nearly black. Hardness varies from soft and crumbly to medium­
hard; us~ally the lighter the color of the orP th e softer it is. The 
laminated ore usually is in only one horizontal end extensive bed of 
solid, medium-hard. brittle, brown. thinly l~inated limonitic ore. 

Tte second type of east Texas iron ore is the carbonate ore. 
This ore is composed ch i efly of th e mineral siderite (FeiO~). The 
~~ner8l siderite, if pure, is very heavy (sp. gr. 3.7 to 3.9) and 
m~dium-hard {Mohs scale ~} to 4~), Qnd contains 62.1 percent FeO and 
37.9 percent C02• ThP carbonate ore contains ~and grains of quartz 
(SiO?.). pieces of lignite. grains of glauconite. and other impurities. 
lt forms ddnse. horizontal lPdges found usually associated in groups. 
in which the individual ledgP.s are discontinuous. 

Irv~ ores,together wjth coals, ar ~ the fundamental geologic 
raw materials of heavy industry. which in turn is the backbone of 
modern technoloeical civilization and th~ power of ~~·tons. Most of 
the iron ores minPd are used for the making of 1rot . ...~nd steel; only 
a very small amount is used for other purposes such as the manufacture 
of paints. cements, ferromagnesite, hydrogen gas, concrete aggregat~, 
the purifying of gas, as flux at nonferrous smeltP.rR. and for heavy 

l/ See referP.nce in bibliography. 
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drilling mud. Less than 0.15 percent of the total iro~or~ produced 
in the United States in 1934 went to these ttdnor uses (5). 

Th~ iron or~s of ~~st TeA&s are mined in open ~its. At the 
plAnt or the Lone Star Steel Company the raw ere is taken by dump 
trucks to the plant near by. Ther~ it is dumped at the top of the 
trAattng plant, which washes the raw Qre and concentrates it. The 
treating plant is construc,ed along modern technological lines speciall7 
dP.signed for the type of ore handled. 

Mining of iron ore and smelting of iron were treatly ~in 
the United States during the war years,l94l-1945. Duri~ these years 
the demand for ore and steel was unprecedented by peacetime standards. 
It is generally pr~dicted that during the postwar years steAl produc­
tion in the United States will be larger than in the years bet~ 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
timP production of iron ore will be sher~d by the ~ast Texas mines 1s 
not clearly predictable. Suet: major iron ore producing centers ar ... ne 
Lake Superior and Bir~int~~ districts will continue to supply most of 
the ore needed for the national economy. I~ comparison with th~se 
large producers of iron ore, the output of the east Texas region is 
very small. Even at the peak of its production, in 1944, the east 
TeAaS reeion produced 303,682 gross tons of crude ore out of a total 
of 111,020,~45 gross tons for thR ~ntire UnitP.d St~tea, or merely 0.2? 
percent of the total (~). 

Dt~a~~ !or st eel products has accumulated during the war in 
every civilian category. Ti :i,c;; .Jer.t-~p demand is certain to assure great 
production of steel and iron ore for several years to come. In the 
region cov~red by and adjacent to the Trinity River tributary are P the 
chief uses of civilian steel products will be in th~ for~ of automobiles 
and other vehicles, railroad rolling stock and rails, construction mate­
rials for buildings, highways, and bridges, and materials for the petro· 
lP.um industry. It is P.Stimated that thP petroleum industry of th~ Unite• 
States will aonsume ar~ually 2,400,000 tons of steel largely in the form 
of drill pipe, line pipe, and casing (5). 

~st TcA~ s iron ores were shipped in 1944 to blast furnaces 
in the Birmingham district of Alabama and in Houston, Texas. The iron 
ores ~re in an advantaeeL a position as to shipping distances i nsofar 
as the steel produced in the region can be manufactured locally into 
~hapes 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 ,-r<'.,;,~ .. ;.~ :..ecber of the Mount Selman formation of the Eocene 
Claiborne group~/. This greensand member with its attendant iron ores 

·-- ------- ·~ 
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extends throueh the following counties: Cass, Morris, Marion, Harrison, 
UiJshur, Wvvd, S:·i~ll, Vcn Zandt, Henderson, Rusk, Cherokee, .A4lderson, 
N.· COt··.~oche&, Hc\.lston, and Leon. The iron ore region may be divided 
into two basins. The North ~sin is separated from the Sv\.lth Bn~in 
rvl.khly ~lC.Db a line about 15 miles north of and paralle! with the 
course or the Sabine River. 'lbi s line runs approximatel~r throueh the 
town or Gi ll•:er in Upshur CvWlty. 

The North Basin ores are chi~fly 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 or~s are dis­
tr i buted throushout the weathered part of the Wect.es strata in the 
North Basin, The laminated ore of the South Basin forms a nearly con• 
tinuous l edpe of varyiny thickness at the top of the weathered ·~c~es 
formation, '"'here the .. :ectes and the Sparta formations are in contact. 
7he nodul ar or concretionary ores and the laminat~ ~ Qres are products 
of the we e. theri nfl. i n place of the "Neches strata. These strata in the 
fresh, unweathered state cont a in manv iron-bearing mi nerals, of which 
th~ most co~ncn are glauconite (a complex iron-alumina silicate), 
sideri te (FeCO ~ ), and pyritP. or marcasite (FeS2). Through the pro­
cess e s of weathering the se rr! ineral s have bEoen changed into the limo­
nitic iron ore; at the same time the iron content of the mass has been 
concentra t ed ard partly segreroted so that the res Lutant ores are 
richer in iror, tr.crc the um~cath ered rocks of th~ v:eches. In conform· 
i ty wi tr the na turP c.f t he wea thering processes, chiefly leaching and 
oxidation, tt.fl r e sultant linoni tic iron ores are found above the 
ground water tab l e, that i s, ahove the zone of continuous saturation 
with pround watPr. He.ncP. tl:e limonitic ores are mined in open pits 
above thP. e:r o"J.nd wat"'r table, and enc roachnent of ~:-round water is 
not a problem . 

I n th e ~iorth Bas i n and in the northern part of the South 
Basin thA iron ore is focnd : n more or less isola t ed h ! lls or larger 
plateaus t!1at ar~ erosion remnants of a once continuous cover of 
· Jech~s roc".{s. ~ese erosion r emnants are usually the hip:hest hills 
of th e area a nd form t he divides between ~ajor strea~s and creeks. 
The larger of t h e isol a ted hills and the plateaus are cov~red by a 
loose, whit e- f, r ay sand soil that is derived fro~ the weatPer i np of 
the -;~arta f orTT:at i on, which caps the Weches strata. In the isolated 
h i lls the : ; ec~ es is usually thoroughly weathered; but on the lar~er 
plateaus t hP weathering extends only alo~ the outsidP. frinpe and, 
as usual, tt:e 1 imoni tic ores are found only i n the weathered portions. 
Toward tr.e south, · that is, i n the south part of the South Basin, the 
·,·JecPes strata frocually dip under~round and become covered by 3ucces­
s1vely younger sedinentary rocks. This condition sets a ltmit to the 
southward extent of the a:eches and its attendant ores. 

The Oklahoma i~on ore deposits are prese:. t in the Wichita 
Hountains of Kiowa and Comanche Counties and in the Arbuckle Mountains 
of Murray, Johns ton, and Pontotoc Counties. The deposits of the 
lhchi ta l/.o~ntains are preuorninantly ti taniferous magnetite cleposi ts, 
although on~ deposit of hematite is known from Comanche County. The 
deposits in the Arbuckle ~.!ountains are princi paily 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 or 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 o~ 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 Reef&n sandstone of Cambrian 
aee. The hematite bed varies from a few feet to 21 feet in thickness 
and can be traced ror at least a mile along the outcrop. The hematite 
ore averages about 30 percent iron. It was mined for a short time for 
paint manufacture in Oklahomar 

Brown iron ore is found i r. 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 
d~posits are found in the S~mpson eroup and the Viola and Hunton lime­
stones. The masses of 1rown iron ore may adhere to country rock or 
occur as loose fraements 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 ~xtP.nd over several acres and a shaft 20 feet deep was 
still in ore. However, ind i vidual deposits are believed to be small. 
A few deposits were worked in 1939 and 1940 to supply the Oklahoma 
Bortland Cement Company with iron ore for the manufacture of special 
"low heat" Bortl~nd 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 John~ton and Pontotoc Counties. 

Reserves 

The Wide distribution of the W~ches greensand member Of the 
Mount Selman formation~' 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. 

Y 1'h<9 terr.: , ... c" L ~ ~ 1 or:nr tion " i.1s .:.e d .i o1' u .eches breense.nd member of 
the r..ount Selman fornw.tion 11 is used in somo recent geolot,ic reports. 
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County 

Horth Basin 

Cass: 
East of SY 25 1 

West of 93•25 ' 

Norris 
V18.I' ion 

To tal: 

Uoshur (3~ci ~atP.d) 

Proba bly available 
novr or in near 
fut '.lre (Lont; ,LoW 

41, 979 .00C 
:!.8,451, 000 

60 , 430 1000 

28 , 338,000 
5. 313,\·00 
4, 0CC• 1000 

To tal .. -iorth ~asin 98,C8l , u00 

Po s si bly available, 
but too thin or low­
~rade f or large ccale 
operations (Lo¥ Tons) 

5 , 21 ) , 000 
3,185 , C·CC 

8 ,400, 000 

500 , C'OC 
1 , Fa9 1 Q(.l 
1 I ()(. () 1 1 00_ 

11, 719. 0 ( ~ 

(C on tint;.ed) 

T0tal 
Reserves 

(Lone;. Tone) 

4 7 , 194, GOO 
n . G 36 I ·')uo 

68' 8)0 I OC·G 

~8, 838 , C.CC 
7 ,1 3;.> t 00(, 

_ l'l ~OC O ,OOC 

109, Fi00,000 

Area covered 
by probably 
available ore 

(Acree) 

8,10C 
?. , oOC 

3,0CC 
6oc 
soc 

15 ,000 

Area ce-..ered 
by possibly 
availab le ort 
(Acren) 

?. , 2C.) 
!_ .. y.~o 

3 700 

) CO 
1,Soo 
____£'00 

o ,O J O 
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3STIMAT.:nD RES.ERV3S OF IRON ORE l!~ EA.ST3!Rl~ T~S 

CountY 

South Basin 

Cherokee: 
i.•Tear Rusk 
Near Dialville 
J:"issell Mountain 
Mount Haven 
Near .aeese 
Other A.reas 

Total: 

Henderscn: 
i.~eo.r BroHnsborc, 
Other 4rea::; 

Total: 

Anderson 
Other Counties 

Probably available 
now or in near 
future (Lcpg Tons} 

1615C31(;C( 
12, 954,coc 

2,6261ooc 
4,376,c,.oc 
1,945,00(. 

~---

38, 4o4,CvC 

1, o34, CCC· 

Totd - South Basin: :. o,·0}8 1 00C 

Grand Total: 139,118 1 00C 

(Continued) 

Po::;sibly available, 
but too thin or lo~.,.­

grade for larGe scale 
o~erations (LoP§ Tons) 

7,00C,C,.OC,. 

7 ,C IC, OGO 

312C91C' CC 
? ,9l8,GCC 

6,127,COO 

1?. I 64 3' C•GC 
] , CCC, CCC. 

)C, 77C 1 CCC 

42,4S9 10CC 

Total 
Reserves 

(Lont) Tons) 

45,l.iC4 1cc,.c 

4,843,0GC 
2,<;118,CCO 

7.7Gl,f\X; 

1? ,643,CCv 
"j,OOO, OvC 

7r , -,c o ,C OC 

1 "r , Sc g 1 -.oo 

• 

Area covered 
by ·Jrobably 
available ore 

(Acres) 

L.1?50 
3,6cc 

675 
75C 
5C:C 

9. Ti ~· 

?SC 

?SG 

lO,C ~ 5 

Area covered 
by ~ o ssibly 
available ore 

(Acres) 

2,000 

2 1 CGC 

1,10(; 
~ 

c> ,cCO 

6. )~(. 

~ 

~ 

11, Soo --.J 
(.':) 

• 
17,6oc 
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This P.Stimate is r~gardcd at present as essentially correct 
excP.pt that newer reological findings have di~closed a much greater 
amount of carbonate ore presP.nt than had been known at th~ timA this 
estimate was mad~. Geologists of the Lone Star Steel Company estimate 
that in the tract of land near the company's furnace in Morris County, 
total orA res~rves contain about as much carbonate ore as limonitic 
ore. This discovery in effect doubles pr~vious estimat.es of total 
resP.rves 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 a~ount of the rec~nt discovery of thP extent of the carbonate ore, 
it s~ems 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 carbor.ate ore, may make it necessary to revise upward thA estimates 
for so~e of the other deposits. 

The tonnag~ of titanifP.rous magnetite available in the Washita 
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 
unalter~d rock could not be min~d 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 
~~ght be mi ned for paint pigment. ThP brown iron orP. deposits in the 
Arbuckle Mountain Ar ea have large reserves but the deposits ar~ low­
grad~ and are small and scattered. Tr.e best market for the brown iron 
ores is probably in the manufacture of special Portland cements. 

Producing Companies 

Companies producir,g iron or~: s or iron rtnd steel in the Trini t) 
River tributary are~ and th• location of tte ir plAnts and min~s are 
given below: 

Lone Star SteP! Corepany, Daingerfield, 
Texas. 
Products: Raw and beneficiated iron 
ore, coke. 

~~daras Steel Corporation of Texas, 
Longview, Texas. 

Mine in southeastern 
Morris County, Texas. 

Ore washing and beneficia­
tion plant, coke ovens, 
and blast furnace in 
southern Morris County, 
Texas. Blast furnace 
not in operation. 

No mines. 
Fxperimental steel plant 
planning to produce ste2: 
castings near Longiv~w, 
Texas. 
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McCrossin Engineering Company, Rusk, 
Texas, 

Mines near, Rusk, Cht!!rokr ~ . 

Planned Products: Charooal, ptg 
iron, methanol, acetic acid, wood 
tars, and other charcoal byproducts. 
Construction of plant suspended. 

National Lead Company, Baroid Sales 
Division, Texarkana, Texas. 
Product: Oil well drilling mud 
conditioner. 

Sh~ff i eld StcP-1 of Texas, Houston, 
T~=!xas. 

Products: Ingots, blooms, billets, 
sheet bars, '.:! tc. 

Production 

County, Texas. 

Mine in Suratt survey, 
near Linden, Cass County. 

Mines near Li ndP.n, Cass 
County, and Jacksonville, 
Cherokee County, Texas. 
Blast furnace and rolling 
mill in Hou~ton, Texas, 
in production. 

~ f · prod1 1c t i on of iron or~ for thP- six-ye ar period, 1939 to 
1944, in tb e Tr i nity River tributary area : f ive n i n the following 
tabl e . I ron ore was not min~1 in the ar ~ a in th e y~ars, 1920 to 1939. 

Year 

1939 
1940 

Crud£! Ore 

{ Gr0s~ 
Tons) 

10,361 
5,453 (a) 

Iron 
Content 

( :n 
Percent) 

51.32 
51.50 

Ore Shipped 
.F'rorr. 
v· .i.lr,PS 

(Gross Tons} 

I)' 511 
8,665 (a ) 

BP.neficiatf>d 
Ore Shipped 
From Mine Active 
(Gross Tons ; Mines 

2?,879 (b) Lindpn mi ne, 
Cass County 

1941 19,718 (c) 52.50 11,2?8 (d) Linden min~, 
Cass County 

1942 46,212 (e) 52.51 19,423 (e) Linden mine, 
Cass County 

(18,3?? (e) short tons of ~ s able iron ore producP.d. } 
1943 None 1?,792 (e) No mine 

acti VA in 
-ast Texas 

1944 303,682 46.50 275,531 3 mines 

All date from Unit~d Stat es Bureau of ~linP.S publications (5, 6) 

(a) Includes Oklahoma. 
(b) Includf>s Tennessee. 
(c) Includes South Dakota and Virginia. 
(d) Includes Oklahoma, Tennessee, and Virginia. 
(e) Includes Virginia. 
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V~GANESE 

n. M. Kinney, United StatP.s Geological Survey 

Manganese is an essential raw mat~rial in th~ manufacture of 
stP.el. 1~e mangan~se is used in making ferromanganese and spiegeleisen 
which ar~ 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 or 
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 perc~nt of the United States requirements, 
although a larger percentage could have bP.en 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 pP.rcent of phosphorus. During the war ore averaging only 35 
percent of mangaPese was utilized and material containing as little as 
20 percent of ~anganese and carrying as high as 1.0 percent of phosphoru~ 
were purchased by the Government and stoc¥-piled. 

ManFanese commonly occurs in nature as one of the oxides or 
as a mixture of the oxides. The oxides of Manganese are black minerals 
o~ variable hardness; the common manganese oxide minerals can only be 
idPntified with certainty by their X-r~y patterns. Man~aniferous 

calcium carbonate {Mn,CaC03), and rhodochrosite {MnCO~), are associated 
with the oxides in many places. 

I ~ 1942, 95 percent of tre ma~anese orP. in the United St tP.g 

was used in the r.unufacture of manganese alloys--90 percP-nt of this 
quantity was used in ~aking ferromanganes, 5 percent in spiegeleisen, 
and 5 percent in silicomanganese. Other ~ses of manganese are as a 
depolarizP-r in dry batteries, in th~ rr:an14facture of hydroquinon~, in 
the manufacture of manganese sulphate fvr fertilizer, as a ~oloring 
~er.t in paints and cP-ramics, and ~s a dryer {oxidizer ; in vurnish, 
japan, and printing ink. The material for use in dry batt~ries must 
have a high available oxyeen content, with minimt~ iron Bnd be free 
from arsenic, copper, nickel, and cobalt. 

St~el furnaces which would serve as a market for manganesP. 
produced in the Trinity F.iv P. r tributary ar ea ar~ l0cated in Ho~ston, 
Texas, Birmingham, Alabama, Kansas City, Mi.3ouri, and ~ast St. Louis, 
Illinois. Manganese oxide mined in the Tri~ity River tributary area 
might ~lso be used locally as a ceramic coloring agPnt in giving ~rick 
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 Counti es, Okla­
homa, at the eastern end of the Arhuckle Mountains, and from the Ouachita 
Y.ountains in northeastern McCurtain County in the southwestern part of 
the state. Manganese is reported from Triassic sandsto~e in Dickens 
County, northwest Texas, but the deposits have no comr~rcial possjbil­
ities. No manganes e deposits are known from the Trinity River drainage 
basin. 
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Ncar Bromide the man~anese dP.nosits arP. small replacement 
bodi~s in the Chimneyhill limestone of Silurian ape. The replacement 
deposits have been localized along faults and consist of a mixture of 
dark, reddish-brown, maneaniferous calcium carbonate and black man~anite 
with some rnanganoralcite and rhodochrosite as veins and cavity fillings. 
This ore avera£es more than 35 percent of manganP.se. Other deposits 
consist of manganocalcite, hematite, and haus~annite which average less 
than 20 percent of manganes , and maneaniferous ankerite, which contains 
between fi and 18 pPrcent of manganese. In places ttese low-grade depos­
its have b~en conc~ntrated to small hiP>h-rrade ore deposits. 

The nanganese deposits in the Ouachita Mountains are in the 
lower part of the Arkansas novaculite, a hard, white, cherty rock of 
Devonian or Mississippian age. The maJl€'anese occurs as the oxide on 
bedding planPs, al ong 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 make a ·11orkable deposit. The ore averages about 0.35 pPrcent 
phosphorus and is high in silica. 

Reserves 

The manganese deposits near BromidA have bee n P-stimatP.d hy 
~ . F . Hewett of the Jnit~d States Geo1o~ical Survey to contain 5,000 
tor.s of material assayin{l morP- than 35 percent of manganP.SP . This 
PStimato:! migtt hP. doutled if material assaying as low liS 15 percent 
manganes e w~rP. '.ncludP, in the ore estimate. Th e quantity o!' !"'!anganese 
oxidP. in thP. Arkansas novaculite of the Ouachita Mountains i~ probably 
very large . HowP'"?r, the deposits arP. l.JP.liP.ved to be too di$seminat~ti 
to constitute er e 9.S th'?. Manganese oxide rarely con~titutes as much ag 
20 pPrcP.nt of th ~ rock • 

1935 
1936 
193? 
1938 
1939 
1940 
1941 
1942 
1943 
1944 

• 
Prod nct~on Frorr. the Tr i nity Rivf! r Trihutary Area 

No Prod ~ti on 

No Pro<iuct l on 
No Production 
No Production 
No 1-Tcduction 
No Production 
40 Short Tor.s 
31 Short Tons 

265 Short Tons 
No Production 
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A. L. Jcnkc, Lnit (; d : tatcs Gcolo::ieal ~urvoy 

Zinc and 1-.: ad arc mined in the im,.,ortant nami-Pieho r area of 
Oklnhoma, northeast of the Trir.it~r 1: ri :1utary area. Thoro haa been no 
.,red uctio" of si ~ificanco of thos .::. motnls from e ither tho Texas or 
Oklah oma "'larts of tho tributary aroa nlthough scattered low-r;rado dc­
"'losits arc found nt 'J?r j ous "Jlacos in Oklahoma. Thoro !HIVC boon 
n~er o us e ttcn~ts to d o vclo~ t he se dc ~osits since about 1900 but all 
!t:'.V,_ j c : n un:;rofi tc.blo. 

'i'J~e : ~ o ~; t in.,or t :- nt o::.ct.. 1 P.nce of zinc in t he Trini. ty ·•i ver 
t r i b •.:t :-. r ~ · :-- rcn i s t ::e i..lavis zinc field in the .'.rbuckle l.:ountains of 
Cl: ln:iO~<- , n to'..l t 7 · ;i l e s sc.uthwcst of :J:-vis 1 : .urra: · County. The de r-, osi ts 
a. re f:m nd i n cr:·st :.>l l i no linest one r'.nd dolonite in the Arbuckle lime­
s tr ne cf :.·:ne r Cto.n".J r o i n or Lo·. er Cr dovi. c i an a r:e v!hich croo out in a zone 
e~bout 15 ni l e s lon :-- ~- nd 500 i'e ·. t t o cne h (' lf rr.ile vride. The beds di)? 
i'ron. 40 .. o .: c; de -re es <;;.;. tl ~ ' northens t r> nd exhi bit considerable eTidence 
of ;::5!lor f n l di!lr, a nd fnu l t i n ,"' • .S phaler i te ( Zn:J ) v·i t h idnor amounts of 
r rlena ( PK) Gc -.: urs f i ne l ~r cL. s : e r .inat.ec t h r our:h out bo t h the 1 imestone 
r.r.d d ol Gl'li t e :-.:r.d at "' l i·CI'} S forms i rr e ~ '..ll -: r r<"'"ll c.c e r:e nt masses in brittle, 
fr ~ r. t ur~ d do l cni t e . ':'he cr.i ef v:o r lri n- Rt t: he ::one-o.) ober o,en ryjt, 
c: ne of the l Pr r-er r .i!les, v:Ps ; l cn r Et ·rE>r tl.C[' l shenr zone etrik inr n orth­
eas t, :-- ~on - v:r. :..~h "'·,c S"'lr,r l e r ite r :1 r' ot he r : ·.ineral~ lir d 'be en c oncen­
t r nte :i . .. i thin 5 : v 8 fr> e t of the surfa ce t he s,ha. l e ri t e ha s been al­
te red tc s r..:.th s odte ( ZnCG3 ) • . J..he z i nc r..i nera liz r.tion is e l osely 
Ets s oc : nt e c:!. wi •-h a band of he mr. •.~ t e b Julde:-s wh :.. •r• C~". n be t r a ced t he 
l e !J >t n ') [' the out c ro'1; t he : : r,c co r.te:>1 t of :he rock c ecreases avro.y fr om 
t he band ,) f :w~atit e 'uoul ders. Th e z i nc ~r e hr.s be e n ; i ned f rom o ;::>cn 
-, i. t s I'< rd. sha i low ~r o s..., e ·.:t s, o!ll? a fevr " f w: : :..~:~ r ench 10 f•e t in c! e~t h • 

. \ r. othc r c.c ~ urre"c e i n t ~1 e i .rbuck le Lounta i :"s i s ne nr Rav ia in 
J o!-.r.s t or. C o '. nt~' ·. -here cuth l er.d (' ncl. zi c.c l:r\ve been f o '.l!ld i n numer ous 
s1: f'f ts, s or£ of vr ';.!.c ~1 c::"'.:~;.cl to ,.e ., t:1s '' S ;--:r e nt ns ~0 f e et. :':1is de­
:-·osit :.. s :.. r. s o ~1c ros · 1c • ; t~ "' ~o l o c i c al l:: s ir.: i la.r to th e se i n t he iJn ,:is 
zinc f.i. e: ~· . 

Le nd is re ;::>o r t ec i n t hu i chi tr. . c-u!:t n : ns in Cono.n ~h e Co·.1nt :, , 
CJ kln it omn. :n 1::):)2 r-ll:>or s of .:l e .,os i ts of ~ol d , silve r nnd ot :1er netals 
br ou c-! .t c. n a :-, r :e; r.~ i::i n - boon .:' nc c ons i rl. er~ ble ·~ r o s;'le c tin ,"' u r,:; d cne bu t 
n o v•c r l:-: bl c c'.e ':1osi::; vre r e e·ter f ound. Cr-lenc. and c hn lc c,;•r ite with 
s r.a. ll ~ ::Jo L;nt s of si l ve r occ ur i n -+: he Cla rl: a nd :-:er_net .,r os -:-1ect 8 miles 
southr·est of : :eer s <'.nd s or.,e e:r.plornt ion \T s C.: one 1 but t he i-rope:-ty has 
been id le fo r many years. The mi nerali zat ion is associa ted with basic 
dil=es i n ~re- C a rr.br i ar. - r anite. In t he Lawt ::m area, [.lilenn Vlith trnces of 
z i nc, copper a nd si lve r minerals is fo und i n fa ult z ones in t h e ~r•­
Ca.mbr i an e:rar.i t e. f. r.:..unber of uns·.;c cessi' ul nttempts have been made to 
develcr these de .,osits • 

Lead and zinc minerals hRve been found in a. number of .,laces 
in the Ouachita i ountains i n; c Curtain C::> unt ;' , s r-... :. hea siern Cklahoma. 
Several attemr ts h3ve been mnde to mine t hese Je~os i ts ~ut all have 
ended in f a ilure due to t he low f" r&.de> 11nd snall size of the deposits. 
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Tho bast k:::"'.o';m -,roS""'Gcts - rc nort!": of :... .~ -lotOYt!\ r ~c1 ir. t · :- -n_ ~ ir.i t:: o!' 
Wntson. J.t the Johnson co-.;>·-r "TOS'1cct nenr E~e;letown, chr.lcor>~Ti te, 
e;nlena, s-,hnlerite and :>Yrite, toe:ether with their oxidation 'Jroclucts are 
found in a vein in shAttered ~ue- rtzitic snndstone end shale o; the 
::;tanle:r shale of ~'enns~·l vanian ac;e. The de:->osi ts r:ere ryros;"~ected in 
1917. !:enr Yfntson, sphnlerite end .,alena nre found in brecciated zones 
in snncstone nnd a consider~t:• ""~roduction is re-,orted to hove come from 
this locality mo.ny ~·ears ego. A third local it, in the Ouachita l·~ountains 

is nbout 5 miles T!orthee.st of Glover nr.ere sph~lerite-beP.rinr veins are 
found in the CrunbriE'.n Collior shele. 

Reserves e.nd Production from the Trini t~· River tributary area 

Except for a feYr trir.l s lcipr:lents there hns been no "roducticn 
of either zinc or leAd i rom the Trinit~· Ri vcr tributary a reo. in either 
TexP.s or Oklnhoma, r.nd r.o denosits r~r· e known to occur in the Texas nnrt 
or the areFI. The knO\In d O""~OSi ts in the ;- -ich i to 2-nd Ouachi tn Mountains 
in Oklo.homn nre to o smr- 11 ~ - nd lov:-rrndo t o be of r..uch si l"nific :-: nce # a nd 
:,eolo,r·icd conditi ons r- r c such th r t it does not o;--""~e n r likely th.:>.t lnrr,er 
or richer t: e""lGsi t s '':ill be found in the future in these ~~ rc o. s. The 
,,rbucklc l 'ounte.in de.,osits n""1"1C :1 T to be somcwh~. t ::..ore :'lTO:r.lisine;. 'l'ho~• 

h:-ve nc ·:er 'been ::;uccessf'..lll:r \'rcrJ.:ed r.nd ::- re unlil~oly to be Vtorked under 
~resent cond i tions but r.: ie;ht : ,e considered n re!cr -Jc ~or the future. 
'.::'hey have n o-: boen suf f iciently dcvolo .. ed to ;-.crr.lit c sti :nutes of e;rc.de 
o.nd tonnnco. 

?,c ; .i:-ni- :•i che r fi € lc.! ~n northc~stcrn Ol:l ~hon~, one of the 
!':los t ""~roc!uct:vc ~inc f :ld l r nd r' reas in tho United Stntes is ,:ust o·~ts ide 

the ! r i nit~, i; ive r trib:.'tnr •• :- ren. ;_ Sf'ln ll rur.ount of drilline; hes been 
done in Cherokee -.: ounty ~ .- ith in t he '1 r i nit~· :i i vc r t ri but"r ~· c re n in nn 
r.tt or:1pt to ""l id: U;"' :-. '~o::; :; ~ ;:;. lc so uthvro.rd extension of t he I -i .-lmi-Picher 
field. The drillin~ to ~~ tc h:- s not dcmonstrntod the extension ~ nd no 
r e serves ~..-. n l;e ns :. irne d t o tr.ir. ""~ ",rt of t he r. r cr.t . ::o··cver, t ho u rea has 
bee n ve:-v i ncom.,letel~, pr os""loctcd . 

Dibl iorr n~h? 

l.!:oncs s , C. - ., Gcolory of the so uthern Our.ch itn Lount <:>. in:> of Cklahomr.: 
Ok1 :- . f eol. ·-urvey, : ull. 32 , ?n r t I I, :'"l!l• 3f..- <!~ , "::'ril 1923 . 

2. !Tolson, Gn~_, lord, Le ,.. d :· nd :: in<-' : Okln. G~.;:-~ 1. 
pp. 40-44, ' :i'[ov. 19Qf~ . 

:.>urvo, - , i:'ull. ro. 1' 

3.i1edficld, J • .:. ., :: incr :· l r e source s in Okl~ h onr. : Okl r- . C:e o~. Survey, 
pp. 92-96, n-~y 1927 • 

4. ? ocds, C. ···- :. rc~ort on the --c. ol o ~ic rtl 
.'.rbucl~l<: : ountni ns, Cl:lahomn: 
""~P• 59-60, Dec. 191 0. 

-- ncl ~.-.-:_ :l e t· .l res ou rc e ::; of the 
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5.ShD.nnon, c. -. • , !:c. ndbook on t he mturnl res ources of Okl ahom~: Okla. 
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EXPLANATION 

f1 Mi11~- ohon10nf'd or not tn operation 

o Occurrt>nce- prospected or reported 

Location of deposits 

1 . Near Me~rs 

2. Lawton 

Arbuckle Mountain area 

3. Davis zinc field 

4 Near Ravia 

Ouachita Mountain area 

5. Near Glover 

6 . Near Watson 

7 . Johnson pros~cr 

DISTRIBUTION OF ZINC AND LEAn IN THE TRINITY •RIVER TRIBUTARY AREA 

(/) 

<( 

(/) 

z 
<( 

~ 

' z .. 0::: 



• 

t,. 

• 

• 

187 .. 

j)~11idor, L. c., .:Orclimin .. ry rc"'lort on the lend nn~ zinc of Okl homo: 
Old.:-.• r;col. S.urvc:r, I3ull, ro. 9, 9e "l!"J., Jul ~· 1Sl2. 

~.To ff, J. A.,, i"'relimi ·~.cry r(1"'lort 011 the J.r'Jucklo and ~ . ichite. Uountnins in 
Indi <'.n Terri tory :> nd Oklnhorno. , .. i th ::·n appendix on re:T)o1•ted ore 
dcpo:; its of the 'i:ichi tn Lountains by H. F. Da in: !~ . S. Cool. 
~urve~·. :-'rof. rr·"')Or :·o. 31, P:'l· C2-!J3, 1904 • 
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