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PRINCIPAL WAR AND lNDUSTRJA L l\!ETALS, \ l! NERALS, AND MI NERAL SU RSTANCES 

E. H. SE LLARDS 

INTRODUCTION 

The following list of war and indus
trial metals and minerals and mineral sub
stances is necessari ly incomplete. Lists in 
which the metals and minerals are classi
fied with respect to the war needs of the 
Vnited States as strategic, c ritical and es
sential have been issued by the Army and 
l'iavy Muniti ons Board, January 7, 1939, 
and October l, 1941; and by the Recon 
struction Fin ance Corporation, April 6, 
1942. The Bureau of Industrial Conserva
tion of the War Production Board in July, 
1942, issued a statement in which materials 
required at that time by this country in 
prosecuting the war were classified into 
three groups as follows: I, Inadequate for 
immediate essen tial needs; II , sufficient for 
immediate essential needs; III , adequate 
for presently ap parent demands including 
use as substitutes.' The metal s and min
erals of Group I of thi ~ dassiticat ion, ex
clusive of alloys, are aluminum , asbestos 
(long fiber ), bauxite, ben lliu m, cadmium, 
chromium , cobalt, co pper, co rundum , cryo
lite, diamond, graphite ( madagascar fl ake), 
kyanite, iridium, lithi.,m. magnes ium , man
ganese, mica (block ), n10l~·bdenum, nickel, 
petroleum, quartz I ny~tn l I. rhodium, talc, 
tanta lum, tin, tungs tt>n, Yanadium. zinc. 
The metals and minerals of Group II are 
antimon y, bauxite (red uct ion grnclP.), bis
muth, brom ine, calcium, niobium (colum
bium ), iron, mercun·, platin um , ruthe
nium, silicon, silver. uranium. eryolite, 
diamonds l industri aJ:i, magnesi:e, mica 
(splittings); rutil e, $tea tite talr , zircon. 
The metals and min Prals and mineral sub
stances of Group III are fer-ro111 a:1ganese, 
gold , indium, lead, osmiwn. pall adium , 
sodium, asbestos (common I. asphalt, baux
ite (low grade) , bentonitc, cement, ce
ramics, coal and coke, diatomite, fe ldspar, 
flint, g ilso nite, gypsum, mica (ground), 
petroleum, and alusite, dumortierite, salt, 
si lica, sand, sulphur, spod umene, tripoli , 
vermiculite, granite, limestone, marble, 
slate, soapstone. 

Issued Jun e, 1943 . 

l\fo11 •rial Sub s1i1utinns. l !'suc .\:o. l:\ , July 13, 19-12. 

WORLD DISTRIBUTION 

World distributi on , based on production , 
of the principal war and indu stri al min
erals is shown in th e following table. 

In the first column of the table some prin
cipal ores and other sources are indicated 
by italics. In the second column, the coun
tries italicised together produced one-half 
or more of pre-war production of the min
eral. In the third colu mn , the states itali
cised together produced one-half or more 
of 1940 U.S. production. Numerals, where 
used, indicate production rank of the state 
in 1910, and of the country in the latest 
year for which adequate statistics are avai l
able. In the third column, United States 
supplies, it is intend ed to list insofar as 
possible not only producing stat~s hut also 
all known occurrences of the mrneral that 
are commP.rcial or give reasonable promise 
of hecoming commercial. 

Some rocks and mineral substances of 
great industrial va lue are not listed in this 
table of distribution since they occur 
widely on the earth and hence are common 
to most countries. Among these are : clay, 
dolomite, granite, gravel, high alumina 
clays, limestone, marble, mineral water, 
sa nd, salines, si lica, s la te, volcanic ash, 
and various manufactured producls such 
as brick and tile, carbon black, cement, 
lime. and sand-lime brick. 

A:nong publications consulted, spe~ial 
acknowledgment is made to Minerals Year 
Book, U. S. Bureau of Mines, 1941; Strate
gic Mineral Supplies, G. A. Roush, 1939; 
Industrial Minerals and Rocks, A.LM.E,, 
1937; Handbook of Ore Dressing, A. F. 
Ta«!!art, 1927; and State Geological Sur
ve;~-eports. Entries for most states of the 
United States have been checked by the 
State Geologist of the slate concerned, for 
which special acknowledgment is made. 

Many of the war and industrial minerals 
may be seen in the collections of ~he ~u
reau of Economic Geology, The Umvers1ty 
of Texas, and in the exhibits of the Texas 
Memorial Museum, Austin, Texas. 

Abbreviations used fo r countries: Afr, 
Africa; Alb, Albania; Alg, Algeria; An Is, 
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Angaur hlands; Ara, Arahia: Arg. Argrn
tina : Aus, Austria: Austral, Australia: Bah 
Is, Bahrr in lslanck Bav. Ba»aria: Belg. 
Belgium ; Bek Con. BC'lgian Congo : Boh. 
Bohemia: BoL Bolivia: Bor, Borneo: Braz, 
Brazil: Br Ind. Brilish India: Bui , Bul
garia: Bur, Burma; Can, Canada; Cev. Ccy· 
lon: Cho. Chm,rn: Chris Is. Christmas Js
lanrls: Col. Colombia: Costa R. Costa Rica: 
Cur, Curacao: CqJ, Cyprus: Czcc. Czecho
slovakia; Den. Denmark: Ecu. E"uarlor ; 
Egy, Egvpl: Eng, England: E In , East 
Indi es : Est. Estonia: Eth, Ethiopia: Fin . 
Fin Ian cl: Fr, France: Ger, Gerrnanv: 
Gold C. Gold Coast: Gr. Greeer: Gr Brit, 
Gre:it Britain: GrPenl , Greenland: Guat, 
Guatemala: Gui. Guiana: Ho!, Holl and; 
Hon, Honcl uras: Hung. Hungary; Ice. Ice
lancl: lndo-Ch. I ndo-China: Ire. Ireland ; 
It. hal y: ]ap. Japan: Lab, Labrador; Lat, 
Latvia ; Lith , Lithonia; Madag, Mada
gasca r; Mak Is, Makatea Islands: Mala, 

Malay Stales; Mex, Mexico; Mor, Mo
l'<H'!'O: N Cal. ew Caledonia ; Newf, New
[01111dla11cl: New G, New Guinea: New Z, 
New Zealancl : Nig, Nigeria; Nor, Norway; 
Pal. Palestine: Pan, Panama ; Per, Persia; 
Phil Is. Philippine Islancls; Pol, Poland; 
Port, Portugal; Porto R, Porto Rico; 
Q11eensl, Queensland; Rho, Rhodesia; Ru
man. Rurn ania; Rus, Russia; S Afr, South 
Africa; Sakh, Sakhalin; S Amer, South 
America; Sara, Sarawak: Sax, Saxony; 
Scan, Scandinavia; Scot, Scotland; Seych 
Ts, Seychelles Islands ; Shetl Is, Shetland 
Islands; Siber, Siberia; Sic, Sicily; Sil, 
Sil esia; Soma!, Somali land ; Sp, Spain; 
Suma, Sumatra; Swed, Sweden; Switz, 
Switzerland: Tan, Tanganyika; Tasm, Tas
mania: Thai!, Thailand ; Trin, Trinidad; 
Tun, Tuni sia; Turk, Turkey ; Unit K, 
United Kingdom; Ura, Uraguay; Ven, 
Venezuela; Yug, Yugoslavia. 

T ·\Bl.F. OF \\"OH.LO Dl~TRIBl ;TIOX OF PR l:XC IP.\L \\':\R ;\\D lXDt;STRIAL ~II 'F.RALS 

J\!ctal, J\lineral. or l\lineral S11h
stanf'e and Some 1\Iinerals, 

Ores, and Other Sources 

Aluminum: al unit e. andalusite. 
hauxitr. rrynlite. di a~pore. p: ih h
site, laliradorite:. leurite, neph
e:li tc , high alumina rlays 

Prindpal nnd Some Scron<lar~r 
World S11pplics of Ores 

and Min erals 

A11stral. Rraz, F. In , Fr 2, Gr, 
Gui l , llunl' 3, India. Tndo-Ch, 
Ire, Tt. .lap, 111ala, R11man , Rus, 
lJ S 4, Yug 

Principal. Secondary, and Some 
Minor U.S. Supplies of Ores 

and Minerals 

Ala. Ariz, Ark I , Ga, J\1iss, Mo, 
Tenn , Utah, Va. Hi gh alumina 
clays widely distributed, st ates 
not lis ted 

Andahl'ik: fo11nd in schi sts and Afr. Ans, A11stral , Belg, Braz, Fr, Calif, Ida , Nev, SD 
other metamorphic and igneous Sp, Swed, Switz 
rocks 

Antimonv: re.rvan titr., ~cnarmon
titc, st~lmitc, valen tinit e 

All!. Ari!. A11s. A11stral, Bol, Can, 
f.hinn I. Czr.r., India, lndo-Ch, 
It. J ap. M ex 2, Mor, Peru, Port, 
S Afr, Turk, U S, Yug 

Alas, Ariz, Ark, Cali f, Ida, Mont, 
Nev, Ore, Utah, Wash 

Arsenic: arsenop)'rite, orpiment, A11stral, Belg, Braz 3, Can, Fr, Mont , Nev, N J , N Y 
realgar Ger, Gr, Hung, It, J ap, M ex 2, 

Port, Swed, lJ S 1 

Asbestos: artinolite. amosite, an
thophyll ite. rrot'idolite, cryso· 
tile, tremolite 

Amtral. f.an 1, China, Cyp, Czec, 
Fin. Fr, India. It , l ap 3, Mada!(, 
New Z, Rho, Rus, S Afr, Turk, 
lJ S 2, Ven 

Ariz, Ga , Ida, Me, N C, Ore, T ex, 
Vt, Wash, Wyo 

Asphalt: nati,-e asphal tum and Can. C11ha, Pol, Ruman, Trin, Ala, Ark, Calif. Ill, Ind , Kan, K y, 
from petroleum U S, Yen La, Mo, N M, Ohio, Okla, Tex, 

U tah, W Va 

Barium: lmrite, witheritc .Alg. Arg:. Au~tra l , Rraz, Can, 
China, Cho, r.11/w. Fr, G.., 1, 
\.r. lnclia, lndo-Ch. It. .l ap, 
\'or. Rus, S Afr, Sp, lJ S 2, 
l'nit K 

8e11tonit e, ~uh-licntonite, fuller's J\u~tral , Can, Fr. \.C'r, Cr Rrit, 
earth and lilead1ini! dar India , Jap, Hn s, US 

Ala, Alas, Ariz, Ark, Calif, Colo, 
C:onn, Ga 2, Ky, Minn, Mo 1, 
l\1ont, Nev, N C, Okla, S C 
Tenn .1, Tex, Va, Wash ' 

Ala , Ariz, Ark, f.alif, Colo, Fla, 
Go, Icla, Ky, La, Mass, Minn 
Mi ss, Mont, Nev, N D, Okla: 
SD 2, Tenn, Tex, Utah, Wash 
Wyo 1 ' 
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TABLE OF WORLD DISTRIBUTIO:\ OF PH.l:\CIPAL WAR A:\IJ l:\'DUSTRIAL Ml!'.'ERALS-(Concinued) 

\!etal, Mineral, or Mineral Sub
stan ce and Some Minerals, 

Ores, and Other Sources 

Principal and Some Secondary 
World Supplies of Ores 

and Minerals 

Principal, Secondary, and Some 
Minor U.S. Supplies of Ores 

and Minerals 

Beryllium: 
helvite 

beryl, chrysoberyl, Arg, Aus, Braz, Col, Egy, India, Colo, Conn, Ga, Ida, Mass, Me, 
Maciag, Rus, S W Afr, U S N H, N M, N Y, N C, S D, Va 

Bismuth: hismite, bismuth, bis- Arg, Aus, Bo!, Can, China, Fr, Ariz, Colo, Mont, NM, Tex, Utah 
mutite, hismuthinite, and from Ger. J ap, Mex 2, Peru l , Rus, 
copper and other ores S Afr, Sp, Swed, U S, Yug 

Boron: horacite, borax, coleman- Arg, Bol. Chile, Ger, India, It, Calif, Nev, Ore 
ite, pandermite, sassolite, ulex- Peru, Rus, Tibet, Turk, U S 
ite 

Bromine: from brines, potash de- Fr, Ger 2, It, Jap, Pal 3, Rus, Calif, Mich, N C, Ohio, Pa, Tex, 
posits, and sea water Tun , Unit K, U S 1 W Va 

Cadmium: chiefly from zinc ores Austral, Belg 2, Can, Fr, Ger, It, Ariz, Ark, Ida, Kan, Mo, Mont, 
Jap, Mex, Nor, Pol, Rus, S W Okla, Tenn, Utah 

Calcium chloride: from brines 

C:alcite (Iceland spar) 

Carbon dioxide (natural) : from 
deep wells 

Chromium: chromite, crocoite 

Afr, U S 1, Unit K 

Ger 

A rg, Can, Ger, Ice, S Afr, Sp 

Alh, Austral, Braz, Bui, Can, 
Cuba, Cyp, Gr, Guat, India, 
Indo-Ch, Jap, N Cal, Nor, 
Phil ls 4, Rho 3, Rus, S Afr 2, 
Turk l, U S, Yug 

Coal: anthracite, hituminous, sub- Austral, Belg, Can, China, Czec, 
bituminous Fr, Ger 3, Gr Brit 2, Hol, In

dia, It, J ap, Rus, S Afr, U S l 

Calif, Mich 

Calif, Mont, N M 

Calif, Wash 

Alas, .Calif 2, Ga, Mont l, N Y, 
NC, Ore, Wash, Wyo 

Ala, Alas, Ariz, Ark, Colo, Ga, 
Ill 3, Ind, Ia, Kan, Ky 4, Md, 
Mich, Mo, N M, Ohio 5, Okla, 
Pa I , Tenn, Tex, Utah, Va, 
Wash, W Va 2, Wyo 

Cobalt: cobaltite, erythrite, Jin- Austral, Belg Con 1, Boh, Can, Ariz, Colo, Ida, Mo, Pa, Vt 
naeite, smaltite Fr Mor, Ger, N Rho 

Copper: azurite, bornite, chalco
cite, chalcopyrite, chrysocolla, 
copper, malachite 

Austral , Belg Con, Bo!, Bur, 
Can 3, Chile 2, Cuba, Cyp, 
Ger, India, It, lap, Mex, N Rho, 
Peru, Phil Is, Port, Rus, Scan, 
Sp, Turk, U S 1, Yug 

Alas, Ariz I, Calif, Colo, Ga, Ida, 
Mich, Mont 3, Nev 4, N J, 
N M 5, N C, Ore, Pa, Tex, 
Utah 2, Va, Vt, Wash 

Corundum: from granite, gneiss Bur, Can, Cey, India, Maciag, Ala, Ga, Mass, Mont, N Y, N C, 
and other crystalline rocks and Rho, Rus, S Afr, U S S C 
in stream deposits 

Cryolite: occurs in granite Green! 

Diamond: found in alluvial de- Austral, Belg Con 1, Bor, Braz, Ark 
posits, and in volcanic rocks Gold C, Gui, India, Rho, Wand 
and dikes, and in meteorites S Afr 

Diatomite: siliceous tests of dia- Alg, Austral,_Can, Fr, Ger, Ire, Ariz, Calif, Conn, Fla, Me, Nev, 
toms It, Nor, U S N H, N J , N Y, Ore, Utah, Va, 

Wash, Wis 

Dumortierite: found in pegma- Fr, Fr Equi Afr, Madag, Nor, Ariz, Calif, Nev, Wash 
tiles, schists, gneisses, and Scot, Sil 
quartzites 

Feldspar: 
thoclase, 
clase 

albite, anorthite, or
microcline, plagio-

Arg, Austral, Belg, Can, China, 
Czec, Egy, Fin, Fr, Ger, India, 
It, Jap, Nor, Ruman, Rus, S 
Afr, Swed, Unit K, US 1 

Ariz, Calif, Colo , Conn, Ga, Me, 
Minn, Mont, Nev, N H 3, N J, 
N M, N Y, N C 1, Pa, S D 2, 
Tex, Va, Vt, Wash, Wyo 
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TART.I-: OF WOBl.n IH :-'Tli!H l TIO\' OF PHl'.'\CIP:\l. WAR A'.\"D l'.'\Dl'STRJ.\.L ;\ll:'\EH:\J.S-(Continued) 

\! t• !al. \!int'rnl. or \ [incral Sni>-
:-:. ta111 ·t-' a11cl Some '\linerals. 

Or<':-:. and Otlwr Sources 

Prin c· ip al nn d ~omc ~eronclary 
\\"o rld ~11pplir!' of Ores 

and '.\linrrals 

Pri111 ·ipal. St>condaryi and Some 
\littor U.S. Supplies of Ores 

and Minerals 

Flint µ:rindinp: prhhlrs. and tu he ( :an. Dt'tL Fr 
mill linin~ 

. .\la . C,tl if. l\!inn , Tenn, Tt•x 

Flu or:-:.par l fluorite) 

Carnet : found in ~('his.ts. rrn::. 
talline l imr~tonrs. gnri~s.es. a;1d 
J!ranitr:-:. and detrital in :->and~ 

C:nld: ca lineri te . gold. ~yhanite 

Crnphitf": found 
~rh i s t s. gnris:'e~. 
]ine lim e:-:to nes 

in granite~. 
and ny~tal-

Gyps11 111 : rhi<'fly heddrd drpo~il ::: 
in sed imentary formation~ 

Jlclium : from natural gas 

Indium: from zinc ores or rom
mrrcial zi1w 

Iodine: marshilt'. micr:-:.itf·. ;111d 
from ~a lt hrin<'."', kelp. anrl coal 

.-\fr . . lri! . .-lt1 >iral. Bol. Braz. Can. 
Chinn . Cho. Fr, Ger L Guat, 
Tndia. Tl. \lex. Nor. Rus. Sp. 
Switz. Tt1n. [:nit K, U S 2 

'."t · 1~ .. hrntonite" 

. .\ riz. Cali f. Coln. ll/ l. Ky 2, 
N H. N M . .l\' er', Ten n. Tex, 
Ctah, Wash 

Sec "hen ronite" 

Can. Ccy. Czec. India. 
:lfat!al!- S .~fr. Soma], Sp 

Lah, Calif. Conn. Ga. Ida. 1\!ont, N H, 
N .J. N Y, N C, Pa, Va, Wa>h 

. ·l 1t>traL Rraz. Cnn 2. Chile. Cho. 
Col. Cold C. India. l\!rx. New 
C. N,•w Z. Peru. Phil l s. Porlo 
H. Rho. Rt1111an. Rus ~. S .4/r 1. 
.Sw<'d, [.' S 

.-tu.<. Bt11. Can . Ccr, Cho 1. Czec, 
En~. Fr. Ger. In dia. Tt. .Ta p. 
.l!mla{! .. ~lex. !':Pw Z. Nor. Ru ~. 
S .-1 fr. Sp, Swed, Swi tz. U S 

·\l ~. :\r~ . :\11 ~. A.u~tral. nraz, 
r:nu ~. Chile. Chinn. Ct1ha. 
( :yp . E~y. Fr. C.Pr. C ~r. T ndia. 
11. I.al. 'lf<'x. N Ca l. Pal. l'<'rtt. 
Pol. Rt1 <. Sp. h 1it /\. 3. U S I 

Can.US 

..I/us 2 . . ·lri z. Calif 1. r:olo. Ga . 
!rla , 1\!ont. Ne1·~ N l\L N C, 
Ore. Pa. S C. S D ~. Tenn, 
Tt•x. 1 ·wh, Va, Wash, Wyo 

. .\la . .-lb>. Ark. Calif. Colo, Conn, 
Ca. lrl a. 1\!a". l\lirh. Mont, 
Nt·"· N H, N .T . N 1\L N Y, 
N c:. Ohio. Ore. Pa. R I , S C, 
S D. Tex , Vt. Wa>h. Wis, Wyo 

Ila> . .-\riz. Ark. Calif S. Colo, 
ld ,1. la .1. Kan. La. Mil·h 2, 
\ lont. .\'Ct'. N 1\f. N i · 1. Ohio , 
Okla. Ore. S D. Tc .x ·I. Uta h, 
\ 'a . Wyo · 

C:olo. Kan. N ~!. Ohio, Okla, 
S D. Tc .x 1, U1ah 

\lo11t. :\ri z 

U1ik F: ln. Fr. lttdi ;t. 1 ..... 11. Calif, La, l\li r h 
.lap. \Tr'\. !\'or. Pol. 1\11 :-;, ~cot, 
l ' ni1 K. l ' S 

I ridium: irido..-.1 11 inr. platinum .~1'1' .. pb ti1111m" ~Pr "platinum" 
orf's 

Tron: franklinitc. lwmalifl' . li -
monitr. 111 ;qz 111 · til1'. pyritt' . :--idt'r
itt•. tuq.::it c 

Kaolin: kaolinitr 

Kyanitc: from gnei~;. !;::c hi ~t. prg
matite. and quartz veins 

Lt•a d : c.1111-de~ite . cerussite, 
!t·na~ pyromorphite 

ga-

\ lg . . f11sr111/. R· ·lg. Rm;_ Rttl, 
f."hifr. ( :11 \ia. ( :zf'I'. Fr ~- C<'r. 
( :r. Gr Rrit . (~11at. I lung. India. 
It. .l ap. \!ala . \for. Nowf. Nor. 
l1hi l l..::.. Pol. Nus 3; Sp. Su:ed 1l , 
~wil z. l ' S ] 

I :;111 . C :hina . ( :zcc. Fr, Ccr, Cr 
lhi1. i · s 

Rr !11. ~wit1. 

_.\rg. ..fu1//11/. flelj!. Bttt. ( .1n 
C lt ina. F1 , Cr1. C1 Bttt Jt'. 
.lap . . lfr.r 2. Pt'ru. l'ol , Ru;, 
.' II" .- tfr. Sp, Tun,/ ; S I 

.- f/11. :\ riz. Ca lif. Colo, Ga. fnd , 
In. Mirh. M inn 1. l\ lo, NeY. 
N .T. Y. N C. Okin. Pa. S C, 
TP11n. TPx, lltah1 Va, \\1ash 1 

//"is, Wyo 

.-Ila . . Irk. Calif. Colo, Del, Fla , 
( ;11 l . l<la. Tn rl. l\linn. i\!o, 
'\!0111. N''"• NC, Ohio. Ore. Pa . 
." r:. Trnn , l !tah 1 Va, Vt, Wash 

:\ riz. Calif l . C.onn, Ga~ 1\ l ass, 
\ l,tl. Ne1·, N C, Pa, S C, Va, 
\i""h 

_.\ !a" . .\ riz. ,\rk, Calif. Colo. Ida 2, 
Il l. la. Kan. K1·. Mo L . Mont , 
i\e1·. . ~! , N Y, N C. Okla 4 
Ore. Te!rn. Tex , Utah 3, Va'. 
\\·a"h, Wis 
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TABLE OF WOHLO DI STHlBL"T IO:'\ OF PH.!.\CIP:\.L \'L\.ll :\\J> L\DLSTflL\L \ ll:\ E fL\T.S·- (Con1inu··,J) 

\l etal. \linernl, or \liueral S uh
~ t anre and Some :\Iinerals, 

Ores, and Other Sources 

I.ignit e : Ol'<:urs in hcdde<l <le
}JOSih in late gt>olo gic forma
tions 

Pri nc ipal and Some Seco ndary 
World Suppli es of Ores 

and Minerals 

.·\th, Austral, Bui , Can. r::ec, 
E Afr, Fr, Ger 1, Hunfi, fodo
Ch, It, J ap, New Z, Rum an, 
Hu s, Sp, Turk, U S, Yug 

Pri ll ci pa l. Second ary~ and Some 
~linor U.S. St1 1'1dics of Ores 

and l\IirHTals 

.-\l a , .Irk . !\font, .r /J l , S D, 
Tenn, Tex 

Lithium: amhlygon ite, lc· piJolite, 
:--podumene 

Austral, Braz, Can, Czec, Fr, Ge r, Lalif. Lonn. \Ta ss, 1\le, NM, NC, 
\fadair. Port, Sp, S W A fr , S IJ , Wyo 
Swed. US 

\lagncsium: bnwitc . dolomite, 
lanµ:l1einite, magrw ::' it1 ·, sea 

:\u :-:. Can, Czec, Fr , Ger l, Cr, 
India. It. lap, Nor, Rus, SweJ, 
.'wit:. h1it K, U S vwter and brin t•::; 

\la11µa1H:::-:e : braunik, 
lane, pyrolusite , wad 

p:-; il ome- Bra:, Chile, China, Costa R, 
Lul1a , Czec , E In, E{( v, Gold r: , 
H11 11)! . India 2, lt , .l a p. \ lala, 
\!or.· Phil I•, R us I. S Afr, 
us 

\f~1~n e~ ium so uff cs widely di s· 
tnliuted. Production in fol
l<!\\·i11 g ~ tales : CaiiC La, i\lich , 
\ ev, N J. N M, N Y Ohio 
Tex, Wash ' ' 

.-\ la . .- \ riz, .·Irk 3. Calif, Colo, Git , 
Ida, '\fa.". l\lir-h, l\!inn , Mont I 
""'" N J, N i\f, N C Okla. 
.'i ( .. S D, Tenn 2, Tex', Uta h: 
V1t. Wash, West Va 

l\l ern11 y: caloni t·l. ('iJ1n{ll1ar. mer
(· 111"}'. mo11troydit c 

.-I I~ . Aus, Au straL Bol , Can . . \la.• . . \riz, Ark, Calif 1, Ida, Nev, 
China. Cze,·, It l , .l aJ<. Jt.-.r . Ore 1, Tex, Utah, Wash 

~li1 ·a : biotite, lPpidolite , mus('o
' itc, phlogopit1: 

\fineral pigments (natural ) : 
o('her, sienna, umlJer 

1'\folylidenurn: molyb<lcnite, mo-
1) li<lite, wulfenite 

New Z, Rho, Human, Uus, ·'°'fJ ~. 
Turk, US 

,\ rg. Austral, Bo! , Bra: 3, Can, 
Cey, Cuat, India, It. Ja p, 
Madag, Nor, P eru. Hho, Ru
man , Rus, S Afr ~' Swnl, Tan, 
us 1 

t yp, Fr, India, It, S Afr, Sp 

:\u ::;tral, Bur, Cw1, Chile, China, 
Cr. It; l ap, A-lex, ;Hor, ,"1/u r, 
Peru, Ruman, H. 11:;, Tu rk, US 1, 
Yug 

.\ la . . ·\ri z. Calif, Colo, Conn, Ca, 
Ida_ :\ le. N.,,., N fl , N M, NC 
S C. S U, Tex, Va, Vt, Wash'. 
Wyo 

Ca lif. Ga, Ill , N J, N Y, Ohio, 
Pa, Tenn , Tex, Va 

.- l riz. Colo I , \ le.Nil l , Tex , Utah, 
Wash 

Monazite : obtained from meta- Afr, Austral, Bra:, Cey, Cr Brit, Colo. Fl a, Ca, Ida, NC, Ore, SC, 
morphie rocks and l1each san<ls India 1, l\!ala, Nor, U S Wash 

Natural gas 

Nickel: millerite, nic:colite, pent
lan<lit e, from copper ores 

Nitrates: nitre, soda nitre, syn-
thetic nitrates, and waste 
produc:ts 

Ara, Bur, Can, Col, Indies, Iraq , 
-:\lex, Per, Ruman, H.us, U S, 
Ven 

Au stral, Braz, Bur, f:an 1, Cu lJa , 
Egy, E In , Ger, Gr, J ap, \!or, 
N Cal , No r, Rho, llu.s, S Afr, 
us 

Ar:r, Bol , Can, Chile 1, Egy, Fr, 
Ger, Gr Brit, India. It, J ap, 
l\fex, Nor, P eru. Rus, S Afr, 
Turk, US 

Niobium (columl1ium): colum- Nig 
bite 

Osmium: irido::::mine, platinum See "platinum'' 
ores 

Palladium: platinum ores See "platinum" 

.Irk. r:u/if . Colo, Ill , Ind, Kan , 
K1·, La. \fic:h, !lli ss, l\!ont, NM. 
N Y. Ohi o, Okla, P a, Tex 1: 
JV Va, Wyo 

I :olo. ( :o nn. \lo, N C, Ore 

Syn thetic: .-\la, N Y, Ore 

Ala , Calif, Colo, Ga, 'lie, N M, 
N C, S C, S D, Va 

.~i :e '"plati num" 

'.;-:t·e .. platinum" 
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TABLE OF WORLD DISTHIUUTION OF PRINCIPAL WAR AND INDUSTRIAL MlNERALS- (Continued) 

Metal, Mineral, or Mineral Suh· 
stance and Some Minerals, 

Ores, and Other Sources 

Peat: fresh water bogs 

Petroleum 

Phosphate: apatite, collophane, 
dahllite, phosphate rock 

Platinum: cooperite, platinum, 
sperrylite 

Potassium: al unite, carnallite, 
kainite, leucite, polyhalite, syl· 
vite, and from cement and other 
sources 

Quartz (rock crystal) 

Principal and Some Secondary 
World Supplies of Ore• 

and Minerals 

Can, Est, Fin, Ho!, Ire 2, It, Lith, 
Rns I, Swed, Switz, U S 

Alb, Ara, Arg, Bah Is, Bur, Can, 
Col, Ecu, Egy, E In, Fr, Ger, 
Iran, Iraq, Jap, Mex, Peru, Pol, 
Ruman, Rus 2, Sakh, Sara, 
Trin, U S I, Ven 3 

Alg, Ang Ts, Belg, Can, Chris Is, 
Cur, Egy, Fr, Ger, Jap, Mak Is, 
Mor 3. Naru 4, Nor, Pol, Rus, 
Seych Is, Sp, Tnn 2, U S I 

Austral, Belg Con, Can I, Col, 
E In, Eth, 1ndia, It, Jap, New Z, 
Nor, Pan, Papua, Phil Is, 
Rus 2, S Afr, Sierra Leon, 
Suma, US 

Principa l, Secondary, and Some 
Minor U.S. Supplies of Ores 

and Minerals 

Calif, Colo, Conn, Fla, Ind, la, 
La, Mass, Me, Mich, Minn, 
N H, N J 2, N Y I, Ohio, Pa 3, 
Tex, Vt, Wash, Wis 

Ark, Calif 2, Colo, /ll 4, Ind, Kan, 
Ky, La, Mich, Miss, Mo, Mont, 
Neb, N M, N Y, Ohio, Okla 3, 
Pa, Tenn, Tex I, Utah, W Va, 
Wyo 

Ark, Colo, Fla I, Ida, Ky, Mont, 
Neb, Nev, N J , N Y, N D, Ore, 
S C, S D, Tenn 2, Utah, Va, 
Wash, Wyo 

Alas 1, Calif, Mont, Ore, Wyo 

Afr, Austral, Fr 2, Ger I, India, Calif, Md, Neb, N J, N M, Tex, 
It, Jap, Pal, Pol, Rus, Sp, U S Utah, Wyo 

Aus, Braz, Czec, Eng, Fr, India, Ariz, Calif, Mass, Me, N H, N J, 
Ire, It, Madag, Mex, Ruman, N Y, N C, Ohio, Ore 
Rus, Scot, Switz, U S 

Rare earth minerals: cerium, er- Braz, Cey, India, Madag, Nor, Colo, Fla, N C, Ore, S C, Tex, 
bium, lanthanum, neodidymi· Swed, US Wash 
um, thorium, yttrium 

Rhodium: platinum ores See "platinum" 

Ruthenium: iridosmine, laurite, Sec "platinum" 
platinum ores 

Salt: brines, halite, sea water Arg, Austral, Belg, Braz, Can, 
China 3, Czec, Egy, Fr, Ger 4, 
Guat, Ho!, India, It, Jap, Mex, 
Pol, Ruman, Rus 2, Sp, Tun, 
Unit K, US I, Yug 

Sapphires Bur, India, Thai! 

See "platinum" 

See "platinum" 

Calif, Colo, Ida, Kan, La, Mich, 
Nev, N M, N Y, Ohio, Okla, 
Ore, Pa, Tex, Utah, Va, W Va 

Mont 

Serpentine: ancylite, anti gorite, Aus, Austral, Can, Fin, It, Nor, Ariz, Calif, Conn, Ga, Mass, Md, 
chrysotile Sax, Sil, Switz, U S N J, N Y, N C, Ore, Pa, R I, 

Tex, Vt, Wash 
Silver: argentite, cerargyrite, 

prousite, pyrargyrite, silver, 
stephani te, tetrahedrite 

Sodium carbonate: trona 

Arg, Austral, Bol, Br Gui, Bur, 
Can 3, Chile, Ecu, E In, Ger, 
fap, Mex I, New G, New Z, 
Peru, Phil Is, Rho, Ruman, 
Rus, S Afr, Tasm, U S 2 

Alas, Ariz, Calif, Colo, Ga, Ida 1 
Ill, Mich, Mo, Mont 2, Nev'. 
NM, NY, NC, Ore, Pa, SC, 
S D, Tenn, Tex, Utah 3, Va, 
Wash, Wyo 

Ara, Can, Chile, E Afr, Egy, Ger Ariz, Calif, Neb, Nev, NM ND 
Hung, India, Mex, Per, Peru'. Ore, Tex, Utah, Wash, Wyo ' 
Ruman, Rus, S Afr, Sp, Ven 

Sodium sulphate: glauberite, Belg, Can, Chile, Fr, Ger, Ho!, It Ariz, Calif, La, Nev, N M, N D, 
mirahilite, thenardite Pol, Unit K ' O T U re, ex, tah, Wash, Wyo 

Strontium: cclestite, strontianite Aus, Can, Egy, Eng, Fr, Ger, Ariz, Ark, Calif, Kan Mich N y 
lnJia, Mex, Rus, Scot, Sic, Ohio, Okla, Tenn' Tex 'Utah' 
Switz, Tun, US Wash ' ' ' 
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TABLE OF WORLD l>ISTRIBUTIO:'\ OF PRl '.\C IPA L W.'\.R A.\D L\lHJSTHL\L ~II~EHALS-(Co111in uetl ) 

~!e t a!. Mineral , or Mineral Sub
stance and Some Minerals, 

Ores, and Other Sources 

Prin r,ipal and Some Secondary 
World Supplies of Ores 

and Minerals 

Su lphur: pyrite, sulphur, from Bol, Can, Chile, E In, Fr, Ger, 
natural gas and smelter gas Gr, It 2, lap, Mex, Nor, Peru, 

Rn s, Sp, Turk, U S l 

T alc and soapstone An s. A nstral, Bav, Braz, Can, 
China 2, Fin, Fr, Gr, India, It , 
Jap, Nor, Ruman, Rus, S Afr, 
Sp, Swed, Switz, Ura, U S l 

Tantalum: columbite, mangano- Austral , Belg Con, Braz, US 
tantalite, tantalite 

Tin: cassiterite, stannite 

Titanium: hrookite, ilmenite, oc
tah edrite, rutile, titanite 

Arg, Austral , Belg Con, Bol 3, 
Bur, China , E In 2, Ger, Gr 
Brit, Tndo-Ch, Jap, Mala l, Nig, 
Rus, S Afr, Thai!, U S 

Afr, Arg, Aus, Austral, Braz, Can, 
Egy, Fr. India l , Jap, l\Ia<lag, 
Mala, Mex, Nor, Port, Rns, 
Switz, US 

Tripoli: from disintegrated sile- U S 
ceous limestone 

Tungsten: ferherite, hubnerite, 
scheelite, wolframite 

Arg, Aust ral, Bol, Braz, Bur, 
Ch il e, China l, Cuba, Gr Brit, 
Tn<lo-Ch, J ap, Mala, Mex, Peru, 
Port, Sp, Tasm, Thai!, U S 

l'rinC'ipa l, Secondary, and Some 
l\linor U.S. S up plies of Ores 

and llfinerals 

Alas, Ariz, Ark, Calif, Colo, La, 
l\[e, l\ [o, !\font, Nev, N M, N Y, 
Tenn, Tex l , Utah, Va, Wash, 
Wis, Wyo 

Ala, Calif, Conn , Ga, Mass, Md, 
i\!ont, Nev, N H, N J, N Y l , 
N C 2, Ore, Pa, R I , Va, Vt , 
Wash, Wis 

Al a. Calif, Colo, Ga, Me, N M , 
N C, S C, S D, Tex 

Ala. Alas, Nev, N 1, N C, S C, 
SD, Tex 

Ark, Calif, Colo, Fla, Ga, Minn, 
N J, N Y, N C, R I, S C, Tex, 
Va, Wyo 

Ark, Calif, Ga, I ll l, Ia, Ind, Ky, 
Miss, Mo, Nev, Okla, Pa, Tenn, 
Tex 

Alas, Ariz, Calif l , Colo, Ida, Mo, 
~lont, Nev 2, S D, Tex, Utah, 
Tr'ash, Wyo 

Uranium and radium: autunite, Austral, Belg Con, Can, Czec, Ariz, Coln, Co nn, N C, N D, S D, 
rarnotite, uranite E Afr, En g, Ger, Madag, Nor, Tex, Utah 

Ruman, Rus, S Afr 

Vanadium: ilmenite, roscoelite, Arg, Aus, India, ft, Mex, Mor, Ariz, Colo l , Ida, Minn, Nev, NM, 
vanadinite, from phosphate Peru I , Rho, Rns, S Afr 3, Sp, N Y, S D, Utah, Wyo 
rock, and from titaniferous iron U S 2 
ores 

Vermiculite: j efferisi te Afr, US Ariz. Colo , Ga, Mont, Nev, N C, 
SC, Tex, Wyo 

Zine: calamine, smithsonite, 
sphalerite, willemite, zincite 

Arg, Austral. Belg, Boh, Bo! , Bur, 
Can, Fr, Ger, Gr Brit, Hol , It , 
Jap, Mex, Nor, Pol, Rho, Rus, 
US l , Yug 

Ariz, Ark, Calif, Colo, Ida, Ill, 
Ia, Kan, Ky, Mo, Mont, Nev, 
N J, N M, N Y, Okla l, Tenn, 
Utah, Va, Wash, Wis 

Zirconium: zircon Austral, Braz, Cey, India, Thai! Calif, Fla, N C, Ore 

DISTRIBUTION AND PRODUCTION 
IN TEXAS 

MAP OF TEXAS :>11:\ERAL LOCALITIES 

The accompanying map, Plate I, shows 
chief! y localities of mineral production in 
Texas, although some localities of mineral 
occurrences have been included. Minerals 
of wide occurrence, such as iron ore, lig
nite, coal, gypsum, limestone, granite, vol
canic ash, sand, gravel, building stone, 
dolomite, novaculite, cement materials, 
clay, caliche, salines, salt, potash, and 

underground water, cannot be fully lo
cated on a map of this kind. Thus of the 
many occurrences of iron ore and lignite 
in the Tertiary formations of eastern Texas, 
on ly a few are shown. Gypsum is found 
at the surface over a wide belt extending 
through west Texas, only producing locali
ties being indicated. Salt beds underlie 
extensive areas of west Texas, and potash 
deposits occur associated with the salt. 
Limestone is found throughout much of 
the State. Dolomite, likewise, is found in 
bedded deposits at many localities. Cement 
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materials and clays are widespread. On 
the map, as a rule, only clay loca lities 
that are !wing worked are shown, although 
a partial exce ption has hPl'n made for 
filtering and so me other SJH'l'ial purpose 
elm s, some undeveloped localities of 
known deposits being indicatt"d. Vokani" 
m'11, indicated at a few localities. jg found 
at many places in the Coastal Plain and 
in the High Plains. Oi l and gas fields are 
shown on the map revise(! to January ] , 
l9t.3. 

Owing to the small Sl'alc it has not been 
possible where producing loca l ities are 
nun1erous to locale all on the map. This 
is true, for instance, in Uvalde County 
where one location 011 tlw map represents 
three produt"ers of asphalt rock: also in 
Angelina County where one location for 
clay represents four producers. 

Acknowledgment is llllHl e tu petroleum 
and mineral producers who have aided in 
lol'ating mineral producing localities and 
uil and gas fields. All Bureau staff mem
bers have participated in assembl ing 111-
formation for the map. 

PHODt:CTIO~ I:\ TEX :\ S 

A summary of mineral production 111 

Texas from the earliest records to and in-

1882 ~ 1890 1891 - 1900 1901 - 1910 

0 

BILLION 

4 

BILLION 

3 
BILL.ION 

2 
I BILLION 

I t 

I BILLION 

eluding the year 1933 was given in The 
l lniv<'l:,itr of Trxns Bnllctin 3401, pages 
21S to 2i::. J<XlS. Since that time annual 
'lalt'llll'llt,; or lllirwr·;tl production have been 
i,-,;ucd . The tota l value of minerals pro
dnn•d in TL''<l>' to and inc l ud i n~ 194·1. ac
<"<>rding lo tlu•se rcnnh•, is $l0.9B2,701,720. 

The rapid and continuous advance in 
valLw of n1incrals produl'ed in the State 
is indil'ated by the following statement and 
graphic representation of mineral values 
by dccades. 

1882 - lH<JO" 
lH'Jl- 1900 
J 901-1910 
1911 - 1920 
1921 - 1930 
19:l\ --19-t0 

Total 

10,960,520 
33,504,079 

140,475,890 
928,656,019 

3,466,166.830 
5,448,727,232 

$10,028,490,570 

Statistics on lllineral production for the 
year l.91.1. have been collected in coopera
tion with the United Stales Bureau of 
Mines. Some of the returns are incomplete 
and arc subject to revision. The amounts 
and values given are based on quantity 
so ld and shipped. Quantity produced 
would differ somewhat but not greatly. 

1911 - 1920 1921 - 1930 1931 - 1940 

• 5,448,127,232 

• 3,466,166,830 

I ! 

• 928 651 019 
Ji' I I 

111 

I 
• 33,504,079 • 140,475,890 ~ I 

• 10~520 

Fig. 1. Graphic r~presentallon of value of Texas mineral production Ly decades, 1882 to 
19~. 
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TABLE OF :VJL\ER.\L PHODGCTIO\: J"\ TEX.-\S. !'ill 

Amphibolite 
Asphaltic Jimt·stone, tons<:!i 

Barile, tons . 
Basalt. tons . 
Bentonite, tons 
Bromine, pounJs 
Cement, barrel..; 
Clay: 

Raw IHlrn L· <l into products at mine or pit , tons 
Raw other than above and other than l1entonite an<l 

tons ---···----- ·-·--· 
l'rodur-ts ( 01 her than pottery and refractori es) 
Unglazed brick 

Coal, !Jituminous, tons 
( ~o p per, pounds 
Feldspar, nude, long tons"' 
Flint lining for tube mills, tons 
Fluon;i1ar, tons 
Fuller\ earth, tons 
Cems and precious stones _ 
Cold, fiue ounc-es 
Granite, tons: 

Crushed 
Dimension 

Graphite 
Creensan<l 
Cypsu rn, cruJe, tons 
I felium , cul1ic feet . 
Iron ore, long tont 
Lea d, tons 
I.ignite, tons 
Lime, tom; ··-·· 
Limestone, tons: 

Crushed 
Dimension 

!\fagnesite, tons 

fuller\ earth, 

· -· ·········· - -·---·-

i\fagnesium, pounds ·-· ··-- · ·-·-···· . .. ·· ·--· ·· ·· ---· ---·--
i\tagnesi um su1fate, natura1 , pounds .. 
Manganese, tons 
Marble. tons 
l\!ercury, flasks ... 
I\'Iica, tons 
Mineral water, gallons . 
!\liscellaneous stone, crushed, tons 
Miscellaneous"' . ................. . 
Natural gas, l\I cubic feet 
Natural gas-gasoline, gallon:; . 
Oil, barrels ...... .... . 
Ores (crude) etc.: 

Copper, tons 
Dry and siliceous (gold and silver) , tons 
Lead, tons 

Peat .... 
Pebbles for grinding, tons ............................... - ............ . 
Pumi ce and pumic.:i te (volcanic ash), tons _ 
Salt, tons ... ....... ...... ...... . ........ . ...... . 
Sand and gravel, ton:; . 
Sand-lime brick, thousands 
.Sandston e, c rushed, tons ---·--

Quantity 

29-l,170 

l l .S9:! 

9.8EH>0 

118.H>S 

126 .. "ll-l 

15,482 
12,000 

77.033 

306 

69,810 
61,550 

4~6,419 

186 
337,326 

77,783 

2,569,820 
315,320 

138,470 

1,086,312,000 
1,180,221,000 

505.572,000 

53 
140,739 

21 

656,.5(/) 
12.J.3-l,312 

250.180 

$ 

17 

Yalu<' 

sso 2or, 
(1) 

105.312 

16,:162,29.) 

255,982 

226,561 
(3) 

1,180,967 
52,730'"" 
1,416 

713,085 
()) 

10.710 

63,790 
227,621 

(I) 

467,087 
(1) 

21.204 
284,000 
632,099 

1,742,%2 
S~0,(170 

O> 

"' 
(1) 

()) 

()) 

()) 

(1) 

80,491 
7,466,501 

162,344,000 
44,066,000 

568,000,000 

(C) 

(()) 

"' 
(1) 

(1) 

()) 

1,713,508 
6,681,277 

(3) 

115,478 
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TABLE OF J\tl\EH .-\1. l'lW l l\ . CTIO~ I :" TEXAS, 111.it-(Continued) 

Serpentine, tons . 
Silica (quartz), tons .. 
Siher, fine omwrs 
Sodium ~ulfatc (natu ral), tons 
~trontium minera ls, tons ... 
Sulphur, lonp: tons 

Ore, long ton:-; __ _ 
Tt'1Tazzo. tuns 
T ripoli, t on~ 
Yt~rm inilitc 

Total \"alue, e li minating duplicat ion 

1l ncludcJ i 11 ·''.\lisccllancous." 
:!··Tons" as ust'd in 1his list = 2,000 pounds; "lon:;: 

tous'' =-..: 2,2-10 pouuds. 
3Figurcs frnm Ilur ~·.1 u of th e Census not av.:d lable. 
' . .\.ccorJi 11g to llituminous Coal Di\'ision; ,·alue includes 

selling CXJlt'llSC S. 

C.IncluJ,•s amp hibulit <', barite, bas:dt, bromine, feldspar, nint 
li ning for rnbc tnills, fluorspar, gems and precious s ton es, 
i: raphite. grccusanJ, helium, iron ore, mai;nc::>ite, magnesium, 
ma gnesium sulfate, mangau('Se, marble, mNcury, mica, min· 
era l wat er, pea t, pcbblt>s fo r gr in J i11;:, pumice and pumicitc 
lvolcanic ash), serpenti ne, terrazzo. tripoli, rcrmic u li te. 

Quautit y 

J,.IHS 
1.096,027 

75,029 
1,959 

2,8 12,988 
300 

Value 
(1) 

14,345 
779,397 
957,35,i 

31,294 
45,487,808 

1,500 
m 
(1) 

m 

S954,2 11,150 

ti.:\:1>t \·alu 1.·J as ore ; n\l u c of recoverable m etal con tent in
du,h·J 1111<la th e m C' ta ls . 

Carbon blac k prnJuc l·<l to the amount of -180,212,000 pounds, 
rn lu ('\) at Sl 5,311,000, not iocluclcJ in total for Slate. Pro· 
1lu l" tion h'porll'J by the producing companies to the State 
C111Hptro!k r fo r the cnknJa r year 19-11: carbon black , 
.1;9,(l.\.j.::!(iU pounds ; oil, -198,686,633 lurrcls; su lph ur, 2,596,631 
Ion~ t on~ . 

The ,-aluc given for natura l i;:as is value at poin t of 
con .i lllll]'t ilrn , Selling: price at th e we ll is est imated a t 
S::!l ,7::!6,'.!-lO. 



FAULTING IN NORTHWESTERN HO USTON COUNTY. TEXAS' 

H. B. STENZEL 

Faulting and geologic structure in gen
eral are responsible for the underground 
accumulation of oil and o-as in many 
places. The faults described" below are i~ 
the vicinity of several oil and gas fields, 
and knowledge of them may contribute to 
the understanding of the geologic structure 
of this producing region. It is hoped that 
thi s presentation may lead to additional 
geologic exploration for oil and gas. 

The presence of some faults in the o-en
eral vicinity of Anderson, Houston, "and 
Leon counties has been known for some 
time. As earl y as 1917 some fault ex
posures or indications of faulting were 
described by 0 . B. Hopkins." The ex
posures described by him are in the vicinity 
of Elkhart and Field s Chapel in Anderson 
County. However, these early observations 
1rere of a reconnaissance nature only and 
lllerely local and so incomplete that no 
map of the faulting could be drawn from 
them. As a consequence the faults of this 
region were not placed in any of the pub
! ished geologic maps covering the area. 
Even the geologic map of the State, pub
lished as late as 1937 by the U.S. Geo
logica l Survey, does not show any faults 
in this ~rea. The first published geologic 
map which shows the faulting in this area 
is the regional structure map accompany
ing Liddle's report on the Van oil field. 3 

. The faults descr ibed below were mapped 
111 1941 and 1942. The mapping was done 
to a scale of 8 inches to the mile ( 1/ 7920) 
on aerial photographic maps of the same 
type as those used by the Agricu ltural Ad
justment Administration for the measur
ing of field acreages. The excellence of 
these photographic maps has made it pos
sible to map the region in o-reat detail and 
11·ith an accuracy far surp~ssino- previous 
maps in the Gulf Coastal Plain~ 

The fau l '.s of northwestern Hou ston 
County occur as a continuous belt of fau lts. 
This belt of faults enters the county at the 
north encl of the Rock Hills and extends 

1 T~1i;; a rt icle wai< is ~ u c <l ~'. ' pa rat cl r in mimco;; raplw<l form 
on I- d Huary 1:2. 19-1 3, as .'.\I in era I Hcsourcc Circu l:t r :'\o . 23. 

:.' Hopkin.s . 0. B., The Pa le stine salt <lC1mc An d<"rson County 
'fl'X<l !i : L.:-i. l ;,,o l. Sun·1· ~· Hull. 661, pp.,268· :.!70, 19J7. ' 

:•Lidd ! .. . IL A . .. Tiu· \"an oil fiel d , \"an Zandt County, 
T, ·1;"s: l:11i \" . TC'xa s Hull. 3601, pl, 2 , 1936. 

past Antrim Church. It is called here the 
Antrim fault zone. 

ANTRIM FAULT ZONE 

This zone of faults enters Houston 
County from Anderson County at the north 
end of the Rock Hills, about 10 miles air
line distance northwest of Grapeland . (See 
geologic map in pocket, Pl. II .) The 
faults may be traced or conjectured for 
about 6 miles in Houston County and leave 
the county approximately 2 miles west 
of. the Gra~eland -Palestine highway (U.S. 
Highway No. 287) and re-enter Anderson 
County there. 

The faults of this zone are downthrown 
on the north and upthrown on the south 
side . .. They may be recognized by the 
repet1t10n of the Queen City-Weches
Sparta sequence. In this sequence the 
Weches _formation is the most easily traced 
key h?nzon. Physiographically the fault 
zon_e is also well expressed. Along its 
entire mappable length in Houston County 
1t forms a fau lt line scarp with the south 
,;de making the high part of the scarp. 

The Queen City formation is the oldest 
formation exposed along the faults. The 
fo rmation is variable in composition but 
muscov itic and slightly glauconitic ;ands 
and sandstones predominate. Brown 
muscovitic shales are next in frequency. ' 

Some of the Queen City sandstones, 
usually more glauconitic ones, are resistant 
to erosion and form high hills. The Rock 
Hills owe their prominence to these Queen 
City rocks. 

The Weches formation consists of 
richl y fossi liferous and glauconitic marls 
C'hiefly. In the lower part of the forma
tion lime is a conspicuous constituent, and 
some of the beds are hard, thick, glauconi
ll e and very impure limestones. The mid
dle part of the formation lacks these lime
stones; instead it contains many layers of 
r~d-brown clay-ironstone. The upper por
t10n of the Weches formation consists of 
brown, si lty, nonfossiliferous shales. 

The Sparta sand rests on the Weches 
formation with an erosional disconformity. 
At the contact of the two formations there 
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is in many places a hl'd of laminated, 
brown iron ore ll'ss than a foot thick. 
llesling on the iron ore a11d usually ti ~htl y 
adhering lo it is tl w basal bed ol the 
~parla sand. This bC'd is inlillraled " ·ith 
lin1onite a11d thus indurat.ed lo a slab of 
hard , bnlll n lo maroon-black, fcrru ginous 
~a11d ~tnne. 

The Sparta sand is a thiek-hcdded, loose 
"111d usually without. clay or shale beds. 
Thi s sand form s exl<'n>' iH' deep sandy flats 
upo n weathering. 

The following paragraµh s give a de
tailed description of the surface geo logy 
along arnl the visible evidence for the 
faults. 

The zone uf faulting enters Houston 
Cou11ty from the west, near the north end 
ol' the Rock Hills, at a place about l.29 
rnil es 11 est of Antrim Church or ahout l.29 
111i k s 11 nrt h of Rockhill Church. Here the 
fault is eas ily recognized from physio
"Taphic evidence and the geographic dis
~ribulion of the Weches outcrops. The 
outliers and lobes of Weches and Sparta 
which are situated from o. rn lo l.13 miles 
11 orth of Hockhi ll Church ri se lo impressive 
heights. The north encl of these outliers 
and lobes, about 1.09 mil es north of Rock
hill Church, is parlieularl y impressive, 
"teep, and high. Standing on the Sparta
\Vedll's conlacl there, one can see for miles 
lo the north o\cr a low r!'µ:ion with many 
whitish sandy fields. This sa nd y region 
which on e secs below and lo the north is 
the Spal'la sand of the downthrown side, 
whereas the viewer is standin g on the up
thrown side. Thus erosion has emphas ized 
the fault and produced a fault line scarp 
on the upthrown si de. 

Tn detail the fault may hr loca ll'd by 
following Lhc \Vcchcs ou tcrops of th r Rock 
Hilk The oull'.rops can he traced north
ward up to the fault where they are termi
nated ahrnptly, and to the north of them 
01w finds an ex lcn,- i\·e aba ndoned fi eld , a 
Sparta sand fl at. Here th e fault is Yery 
1war tlw edp:.-, of tlw ahamloncd fif'ld. An 
interesting ff'alme of th!' Sparla-Wrf' hes 
contact on the south side of the fa ult is 
that it d!' s<·!'nds northwanl , toward the 
fault , as if dra p:p:ed into the fault . This 
cl!'sccnl is llolicf'ah!e for about 500 feet. 

A gull y or iginat es ill the west corner of 
the ab<n-e mentioned ahancloned sandy 

fi< ~ lrl. This is the gully which runs west
ward a longside and just south of the 
rnunt y li111~ and runs past milepost 8 of 
the 1·01111t\· lin r.. At first thi s gully is dry, 
and onh· a red-orange clayey sand con
taining Weches fragments is exposed in it. 
Thi :; sand is slope wash. But about 470 
f!'e: from ils head the gully deepens into 
a 1u1-..ow but small chasm at the bottom 
of \rhich are spr ings issuing from a whitish 
or "hilt>-p; reenish, clayey water sand. This 
i;; \\ l'a therecl Sparta sand, and it underlies 
the slope wash material. Farther down 
the gull y, about 600 fee t from its head, the 
\Vcclws-Spar ta contact is seen in the gully. 
The hasa lm ost Sparta is an indurated, 
hro1rn. frr ruginous, slabby sandstone. 
The Sparla-Weches contact can be traced 
front thi s gull y to the west along the hill
,-idc , loping lo the gull y. The contact is 
n1arked as usual by the slabby basal Sparta 
'a ndslone, laminated iron on>, water seeps, 
and a soil change. This \Veches is on 
th e dmrnlhrown side of the fault. 

The fau lt plane itself is not visible here. 
But at !1rn places about 150 feet south of 
th e chan nel of the gull y are large blocks 
of lamina ted Weches iron ore. This ore 
seems out of place as it lies much higher 
than the down lhrown and much lower 
than the upthrown Wechcs. It may pos
' ibh· be a sliver wedged in the fault. At 
am· mt" the relationships are such that the 
fap ]t mu st pass near these iron ore blocks. 
Amon~ the hi gh hill s. from which the 

lwadwaif'rs of Sand Branch, McElroy 
Horse Branch, and Schoolhouse Branch 
issue. the fault is well defined , because the 
\Vechcs for mation abuts against and is cut 
off hv the fa ult. The lop of the Weches 
i,- l'asilv traced up to the fault in several 
ins:anrf's. For instance, on the hill nose 
hi>tween th e two heaclwatt>rs forks of Sand 
Brall("h, the lop of the Weches and the 
basa l. slabby, fe rruginous bed of the 
S parla sand can lw traced wi th the aid of 
loose slahs and hlocks up lo the fault. 
In otlwr words. th e fau lt is indicated, be
cam:e th r top of the Weches cannot be 
traced around the hill nose from one head-
1raln:; branch lo the other. 

Hne is also an exposure of the fault 
plane itself (see fig. 2). This exposure is 
111 the south ditch of the county road, about 
I UO feet west of the wes tern headwaters 
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fork of Sand Branch or about 4.50 feet frm 1 

the corner of the county road. A sprin ;., 
issues from the bank about 5 feet south o ~ 

the fault plane itself , the creek branc '~ 
near by has a swampy bottom, and th 2 
road between the fault exposure and th e 
creek branch channel is a qu a;m1 ire. Th·· 
waler of the spring and part of the wate·· 
in the quagmire and swamp is ground
water perched in allu vium or ' lope wasl~ 
above the imperviou s Weches marl of th '.· 
upthrown sid e of the fault: it is a fauL 
line spring. Accordingly, the road cu t on 

the other side, the nor!h s ide, of the road 
at that place is dry eYen in the wet sea
.-on, because it is whol ly on the down
thrown side of the fault and in pcrvious 
Sparta sa nd. The strike of th e fault plane 
is S. 81. 0 E. 1rith reference to magnetic 
north and the dip is 70° to the north. 

Description of fault exposure: 

Thiekne" 
Feet 

1. \.ray !11111111~-i ·a rr~ in g :-:a nd ~oil O.S 

2. Transition bcl\vcen soil and \\Tath-
e rcd slope wash, lmfT in color 0.2 

3. Rusty and dirt y yellow, da ycy ~a nd 
(weathered slope wash) 1.0 

4. Orangt- rcd, verti cal, clayey ~a nd 
remnants s11rronndc<l by lea,·herl, 
]ij!ht gray or light rust-yellow 
~trra k s of th e ~ame mater ial 
(wcathr.rrd ... lope wash) 2.5 

S. Touj!h. plaq i«, ligl 1t hlnish-gray. 
Jc'.al'hcd da y ~11 1T<rnndin g pie<"f'S of 
f hnroughl v ox idized and wratlwrf'd 
\\:'1• f·h rs gi..rncon ite mad , whil'h arr 
mo:-; t ly so ft and ru :-:t-yellow and 
rarr. ly hard and ru :-; t-orangc. l\lo~t 
of the rif'('f':-' arc clongat1· 11nd 
parcl !Pl with tl1 1~ iron ore. This is 
th e npthrow n sicle of th e fault. 

6. Harri ~ ru:::t- l irown, Ja m i1 !ated WC'dl f"':S 

iron ore sta nding 011 edge O . ~ 

7. Faull plane. 

8. Hard, r11 st -l 1rmn1 ~a 1 11l~ t o 1w : this is 
Sparta ~an d indura tr·d hy iron 
hydroxide df'po~ ition alon~ th e 
fault plane O. l 

9. Soft, gra y and deep orange-n·d mot-
tl e<l . .;_;a nd (_weath ered Spart:1 ~and 
of downthrown side of fault I 0.5 

10. Soft. dull orange and gray mottled 
sa nd (weathered Sparta se nd ) . 

0 g 
@:: 
@ 2 ".! 

4 
~ 

Fi g. 2.- Exposure of :\n tri m fa ult in south 
ditd1 of co unty roa<l ll f:ar wc~t fork of San<l 
RranC"h. 

To the ca"t of this fault exposure on 
th1 ' ridge between '.\1cE lro r Hor~c Branch 
anrl Schoolhouse Branch the fault is so 
ckarly indicated by soils a nd rock frag-
111 c nts that it is clearly visib le on the aerial 
photograp hs. The dark , red or brown, 
ston y soil of the Weehes formation on 
the upthro11n side abuts sha rply agai nst 
t hf~ light, whiti sh. loose and sa ndy soil of 
the Sparta sand on the do1rnthrown .-ide 
or tl11: fault. The r ca.-on for th e fad that 
hrrc the soil di stinctions are .-o mu('h llf't: cr 
than in other place.- is that the Sparta 
sa nd of the downthro1rn side forllls a hi ll 
1d1i('h is high r r than th" \Verlws on the 
othrr s ide of the fault. Thw' tlw \\' t>clws 
fnHrm<-.. n! s <"annot wa~h do,\·n n\'cr tl1 ~· 
S p;1rla and the soil bound a ri es remain 
sl;arp. 

What srcms to he a fault exposnc i.s in 
Schoolhouse Bran('h. Th P fault n poq1rc 
is 0.2 mile airline distance upstream, that 
is. southwest. from the county road bridge 
at Antrim Church and ahout 0.1 ·1 mil e 
northeast of the Willi ams gravrya1·d. At 
this place is an exposure ( fi g. 3) of hard. 
ru st -brown sand.-tone forming a ;marl ed 
rib of 1 foot width. 10 feet le11g tl1 , and 
0.6 foot hcizht crossinz the creek channel 
obliquely. In the left'bank whic-11 is JO 
feet high are several large blocks of 
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'Fi p: . :t Di a:,!ram of fault expmm rl' in School
house fl ran(' h near Antrim Churl'h. Houston 
C:ounty. Texas. 

Thi ' d in~ram shows n Yiew of the left hank 
and the hr.cl of the branf'h as scf'n from the 
othrr ~i d e. 

this hard sandstone embedded in orange
red, massive sandy clay, which is probably 
reworked Queen City sand. These blocks 
are abund ant only to one side of the hard 
rib. Upstream from the hard rib the re
worked Queen City looks different than 
downstream; it is more rust-yellow than 
orange and is more smeary and clayey. 
The strike of the rib is N. 78° E.; the dip 
is 71° to the north. 

From Schoolhouse Branch nearly to Elk
hart Creek the fault cannot be defined 
closely by surface features , because here 
the Sparta sand on one side abuts against 
the Queen City sand on the other. These 
two sand formations produce here so 
similar soils that the fault becomes lost. 
Outcrops are not present in the immedi ate 
vicinity. 

The fau lt is again well defined on the 
west side of Elkhart Creek near the mouth 
of McElroy Horse Branch. Here the 
Weches formation can be traced right 
against sandy soils on the slopes leading 
down to the creek bottoms. The fault must 
he hetwPcn the Weches outcrops and the 
sandy soi ls. 

Similar conditi ons prevail on the eas t 
or ll' ft bank of Elkhart Creek . Here thP 
Weches formation and even the limestone 
of the lower Weches can be traced clearh 
down the l'r<'l'k to a place about 0.27 mi];. 
upstn:-a m from the county road bridge. At 
that plaC'e the \Veches ends abruptly, and 
only sands are visible south of that place. 

However, the Weches is well indicated 
hi rrher up on the hill slope to the east. 
Tl~us the fault can be placed as a line 
connecting the south end of the Weches 
on the Elkhart Creek bank with the north 
end of the Weches on the hill slope. 
Farther east this fault is not traceable be
cause to both sides of it there is the lower 
Sparta sand. It is also probable that this 
fau lt plays out to the east. 

About 0.2 mile south of this fault is a 
second parallel fault. This fault can be 
mapped because the Weches of the do:wn
thrown side is seen to end abruptly agamst 
the Queen City formation of the upthrown 
side. Near its west end at the upper edge 
of the valley slope of Elkhart Creek at 
the margin of the woods is a short ridge 
of hard, fenuginous, veined sandstone 
standing on edge and striking S. 77° E.; 
to the north of this ridge is the Weches 
fo rmation. 

From this ridge to the valley of Mat
thews Spring Branch the fault is defined 
by Weches soil and fragments on the 
north and Queen City soil, fragments, and 
outcrops to the south. 

In the valley of Matthews Spring 
Branch are two excellent exposures of the 
fault. The western one of the two ex
posures is in a steeply descending ravine 
which is the first left tributary of Matthews 
Spring Branch that enters the branch 
r]ownstream from the fault exposure in the 
"hannel of Matthews Sprin11; Branch itself. 
The ravine has its beginning in the north 
r·orner of an abandoned fi eld amon11; a 
group of young pines just east of a wind
row of old pines. The deeplv incised part 
of the ravine begins onlv about 75 feet 
from the channel of Matthews Spring 
Branch, and a red oak tree straddles there 
the head of the ravine. The ravine is 
obviously very young and has been caused 
hv the disturbing of natural drainage 
ihrough the plowing of th e field at its 
h~ad . The ravine makes a waterfall over 
I hr, inclined footwall of the fault (fig. 4). 

The fault strikes S. 84° E. with reference 
to magn<' tic north and dips 60° to the 
north. North of the fault and immediately 
adj oining it the Weches formation dips 
ahout 7° northward, but within about 20 
feet the dip flattens and in the channel of 
Matthews Spring Branch the formation is 
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very nearly level. Immediately adjoining 
the fault and forming its foo '.wall is a 
hard, rust-brown sandstone of the Queen 
City formation dipping 60° . This sand
stone grades into indurated, rust-red sand
stone layers of I-inch thickness separated 
by light gray, silty, leached shale, which 
dips from 60° to 45° . These Queen City 
beds are overlaid with slope wash, which 
contains many sandstone boulders of slab 
shape. 

The second fault exposure is in the 
channel of Matthews Spring Branch itself. 
The exposure is located about 0.22 mile 
north of Matthews Cemetery or 0.35 mile 

NW 

FAULT 

from the ravine the Queen City formation 
consists of gray-white, soft, sandy and 
muscovitic shale, which dips about 15° to 
the north. 

At the fault exposure the branch changes 
direction; up-creek from the fault the gen
eral direction of the branch is northwest; 
down-creek it is west for about 200 feet . . 
This change in the direction is due to the 
change of rocks at the fault and the de
flecting power of the resistant Weches 
rocks on the downthrown side of the fault 
on the right bank of the creek. 

The nature of the channel also changes 
at the fault. Down-creek from the fault 
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Fig. 6. Diagram of main fault exposure on right bank of Matthews Spring Branch. 
This is a view of the right bank and the bed of the branch as seen from the opposite side. A 

short and steep little ravine has developed on the right hank of the branch at the place where the 
fault crosses it . There are no exposures in that ravine. 

east-southeast of the confluence of this 
branch with Kennedy Creek (see fig. 6). 

Here the Weches glauconite marls dip 
about 7° northward, that is, away from 
the fault . The fault plane itself is not 
visible, because a small, steep ravine has 
developed over it. The fault is indicated 
by the juxtaposition of gray-white, soft, 
slightly glauconitic, massive sand of the 
Queen City formation on one side of the 
ravine against the Weches glauconite marl 
on the other side. About 5 to 10 feet 

the channel of the branch is wider, free 
or nearly free of large boulders, and is 
floored by flat Weches rock exposures; up
creek from the fault it is narrower, full of 
large boulders of a post-Eocene ferru
ginous conglomerate, and the rock floors 
of brown, muscovitic, laminated, sandy 
shale of the Queen City formation are not 
extensive nor flat (compare fig. 5). The 
Queen City stays inclined for 40 feet from 
the fault. At that place there is a second 
fault in the Queen City (compare fig. 7). 
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This second fault strikes S. 65° E. and 

dips 50° to the north. On the downthrown 

side the Queen City formation consists of 
brown, even-bedded, glauconitic sand ; on 

NW 

of a weathered glauconitc marl lcdp:e of 
the Wechrs aga inst wh ich weathered 
bluish-gray \ra ter san<l of the Sparta rests. 
The fault passes hcl\reen these two form a
tions, but the ex posure Licks depth and the 
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Fig. 7. Diagram of exposure of second fault on right bank of Matthew' 
Spring Branch upstrea m from mai n fa ult exposure. 

the upthrown side it consists of brown, 
laminated, muscovitic and sandy shales 
which contain a layer of brown, silty iron
.tones and which are dragged parall el with 
the fault for about 2 feet. 

On the hill about llOO fee t east of 
Matthews Spring Branch the fault is de
fi ned by the abrupt termination of Weches 
soil against Sparta soil. On the east slope 
of that hill there are many fragments of 
hard, ferruginous, veined sandstone indi
ca ting the presence of the fau lt. From 
here on eastward to the vicinity of the 
now aband oned Ne w Hope schoolhouse the 
fault is not recognizable, because the 
Queen City sand abuts against the Sparta 
sand and the soil s of these two fo rmations 
are very similar. However, from New 
Hope schoolhouse to Bridges Mill Branch, 
a distance of a li~:le more than half a 
mile, the fault is aga in defin ed by the 
Weches abutting against the Sparta forma
tion. 

The fault can be located de finitely in 
the northwestward fl owing, spring-fed 
branch 0.09 mile south of New Hope 
schoolhouse. In the bott om of the en
trenched chann el of thi s branch, about 30 
fee t so uth of the fence line, which crosses 
the channel and separa tes the woods from 
the sandy field above, there is an exposure 

rocks are weathered so that it is no t pos
si ble to obtain the str ike and dip of the 
fa ult plane. 

The fault can be located also in the 
northwestward flowing, spr ing-fed branch 
which passes about 100 fee t north of the 
'.\ew Hope schoolhouse. The location is 
in the channel about 50 feet north of the 
north corner of that sandy field. Here, 
horizontal and weathered Weches ledges 
are exposed upstream. Downstream they 
give way to gummy, bl uish-gray, leached 
clay enclosing Weches blocks. This clay 
is identical to the clay fo und at the fault 
exposure on the county road (see fig. 2) . 
This place is exactly in line with the veined 
sandstone block r idge described in the next 
paragraph. 

In the woods to the east of the last 
mentioned tributary a straight line of the 
veined, ferruginous sandstone indica tes the 
fault trace clearly. At the west end of 
the block line the blocks stand on edge for 
about 10 fee t and are apparently in situ. 
These bl ocks are aligned in N. 63° E. 
(magneti c) direction. The whole line of 
blocks is about 500 feet lonp:. The blocks 
are toppled over and scattered over a 
width of about J 0 to 20 feet. Some of the 
blocks are up to .3 fee t long. Th e line of 
blocks occurs at a pronounced break in 
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slope. The slope above (on the south) 
is less steep than the slope below (on the 
north). The gentle slope above is com· 
posed of red·brown sandy clay soil with 
very many fragments of weathered Weches 
and ends at the Weches·Sparta contact ; 
the steeper slope below is developed on 
red·brown clayey sand soil with some 
Weches fragments. The fragments and 
the iron stain have evidently descended 
from above, whereas the bulk of the soil 
is derived from the weathering of the 
Sparta sand of the downthrown side of the 
fault. 

To the east of this block line is a gully 
which descends from a sandy field and 
flows in the woods near their east edge 
about 0.16 mile west of the bed of Bridges 
Mill Branch. Here, the fault can be de
fined by W eches and Sparta outcrops, 
although the fault plane itself is not 
visible. In this gully exposures are very 
poor; hut there is an exposure of weath
ered, orange-red and white mottled Sparta 
sand with good traces of the original 
bedding. This exposure indicates the 
uppermost Sparta on the downthrown side 
of the fault. Upstream from this exposure 
the channel of the gully is full of Weches 
debris. 

In the valley of Bridges Mill Branch 
(also known as Fall Branch} the fault is 
recognized readily. The Weches forms the 
sides of this narrow valley for about 0.64 
mile; to the north it is cut off abruptly and 
Sparta sand replaces it. 

On the right or east side the northern
most clear W eches exposures are in a 
short, spring-fed tributary of Bridges Mill 
Branch. On the south side of this tribu
tary the steep hill down which several 
wagon roads descend has excellent ex
posures of the Weches limestone bench. 
On the north side of the tributary the 
W eches is more weathered but nevertheless 
clearly showing. As one rounds the hill 
slope to the north of this tributary the 
Weches boulders and fragments in sandy 
and clayey soil are abruptly replaced by 
gray sand soil of the Sparta. Several 
small gullies are developed in this sand 
just north of the fault trace. The fault 
plane itself is not visible. The eastern side 
slopes of the valley of Bridges Mill Branch 
are different north and south of the fault. 

To the north of the fault in the Sparta 
sand they are sandy, longer, gentler and 
cut by several shallow and short gullies 
washing down from a sandy field on top. 
To the south they are clayey or rocky, 
shorter, steeper, and higher. This is a 
topographic expression of the fault. On 
the left or west side of Bridges Mill Branch 
the fault is clearer than on the right side. 
Here the Weches and in particular its 
limestone bench can be traced right up 
to the fault trace. The northern end of 
the limestone is strongly weathered, and 
the limestone appears as a hard, rust
brown, porous clay-ironstone, whose blocks 
strew the hill slope. The soil is red
brown and clayey at that place. How
ever, as one proceeds northward along the 
hill slope the blocks of weathered Weches 
and its clay soil disappear suddenly, and 
the hill slope becomes longer and gentler 
and only light dun, loose sand soil is vis
ible. Among the northernmost weathered 
Weches blocks one finds also very hard, 
dark rust-brown, gnarled, ferruginous 
sandstone. This sandstone has many nar
row veins which stand out as ribs on the 
weathered surface. The blocks are up to 
3 feet in diameter. This sandstone is 
Sparta sand from the downthrown side 
sheared by the tectonic stresses and in
durated by waters circulating along the 
fault plane. 

The topographic expression of the fault 
on the left side of Bridges Mill Branch 
is quite interesting. As explained above, 
the Weches slope is rock-strewn, clayey, 
shorter, and steeper. The Sparta slope on 
the downthrown side is sandy, longer, and 
gentler. However, on this side the fault 
is also well expressed on the top of the 
hill just above the valley slope. The hill 
spur which parallels and flanks the valley 
originates from the Sparta-Weches cuesta 
on the south side of the fault. Its slope 
is steep near the Sparta-Weches contact, 
but on descending it flattens gradually and 
completely so that it is level as it crosses 
the fault. However, to the north of the 
fault the hill spur rises again about 1 or 
2 feet and forms a small, flat-topped hill 
of Sparta sand. On this hill spur there 
is also a distinct change of vegetation. 
On the Weches side the grass is lower and 
less dense; the grass does not cover all 
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of the ground and leaves many bare, red
brown clay soil patches unoccupied. On 
the Sparta side it is taller and denser. 

These distinctions in topography and 
vegetation extend along the fault westward 
to the edge of the old clearing. Also 
veined sandstone blocks are scattered along 
a line over this clearing. To the south 
of this clearing the front of the Sparta
W eches cuesta on the upthrown side of 
the fault is peculiarly modified ; it is 
parallel with the fault and straight for 
about 0.2 miles as if chopped off by the 
fault. Here the cuesta is functioning as a 
fault-line scarp. The cuesta has been de
veloped by erosion subsequent to the fault
ing. 

The easternmost place at which the fault 
can be placed exactly is in a small, north
westward flowing, right tributary of 
Bridges Mill Branch. This tributary de
velops from several springs located in a 
small, young pine forest. The springs owe 
their origin apparently to ground water 
perched in the Sparta sand above the im
pervious Weches beds. The channel of 
the tributary is at first very shallow and 
runs in Sparta sand soil; then it descends 
in a 3-foot waterfall over weathered clayey 
material consisting in part of Weches clay 
and glauconite; below this waterfall at 
the lower end of the pine forest there are 
good Weches exposures in the channel, and 
the water descends in small waterfalls over 
some of the harder Weches ledges. The 
Weches exposures occupy merely a small 
area; along the tributary the length of the 
exposures is about 85 feet. Downstream 
from the last Weches ledge the tributary 
channel exposes orange and gray mottled 
sandy clay with pebbles and boulders of 
weathered Weches, apparently an ancient 
channel fill. This part of the channel is 
steep and narrow. The channel fill ex
posures extend for about 45 feet only. 
Below, the exposures in the channel con
sist of weathered, slightly clayey, light 
rust-orange and light gray mottled Sparta 
sand with its original bedding showing in 
some exposures. Here the channel of the 
tributary widens and the last Sparta ex
posure is on the left or southwest side of 

the tributary channel at the head of the 
widened channel. Below this last Sparta 
exposure the channel is wide (20 feet) and 
its banks are nearly everywhere overgrown 
so that exposures are scarce. 

Here then the Sparta sand crops out 
above the Weches in normal position and 
below the Weches in abnormal position. 
The exposures obviously necessitate the 
placing of a fault between the Weches 
exposures and the Sparta exposures below. 
Thus the fault is located within the small 
Rtretch of channel between these ex
posures. The fault has topographic ex
pression insofar as the cross section of the 
channel is narrow and the gradient steep 
(waterfalls) in the Weches on the up
thrown side and the cross section is wide 
and the gradient gentler in the Sparta 
below the fault. 

Eastward from this little tributary the 
fault is not securely traceable, because the 
same formation, the lower Sparta sand, 
crops out to both sides of the fault. The 
creek valleys which cross the eastern ex
tension of the fault were investigated, but 
they lack exposures in crucial places. 
Therefore, the east end of the fault be
comes rather indefinite. However, there 
are several indications of the fault in this 
region. 

The various branches of Kennedy Creek, 
which drain northward, have cut deeply 
into the upland in many places. Yet the 
side walls of these valleys are all sandy, 
and Weches outcrops are not present. This 
seems to indicate that these branches have 
not cut deep enough to expose the Weches 
under the Sparta sand. Thus there is a 
considerable thickness of Sparta sand pres
ent in the region where these branches 
are, and this in turn indicates the down
thrown side, where naturally the Sparta 
would be deeper than on the upthrown 
side. 

On the county road (old Grapeland
Palestine road) about 0.3 mile from the 
county line there are some exposures of 
well-bedded sands with shale partings. 
The dip of these beds is 25 degrees to 
the northwest. This dip may be in the 
vicinity of the concealed fault. 





MICA IN TEXAS 

ROBERT C. REDFIELD 

The micas are rock-forming minerals 
and are essential constituents of many 
igneous and metamorphic rocks. !he fo_ur 
most common and important nuca mm
erals are muscovite (potassium mica), 
biotite (marrnesi um-iron mica) , phlogopite 
I marrnesiu~ mica), and lepidolite (lithium 
~ic;). They arc all silicates. Muscovite 
and phlogopile are the two_ micas of com
mercial value for sheet nuca; the others 
may be mined for scrap or grou.n? mica 
and for special purposes. Granitic pe?
malites yield muscovite, while pyroxemc 
dikes produce phlogopite. Alth?~gh 
varying greatly in chemical con:p~s1t1~11 
the micas hm·e many charac tenst1cs. 1_n 
common. All crystallize in the monoclm1c 
system and ham perfectlv devclope_d basal 
cleavage that easily yields Yery tlun, fl <;x
ihle and elastic laminae. They fuse with 
difficulty but yield water when ignited in 
a closed tube. 

The mica minerals are of common oc
currence, being found in igneous, meta
morphic, and sedimentary rocks: Some 
rocks are composed almost entirely of 
mica, but it usually occurs as small sc~t
tered flakes. Large crystals of muscov.1te 
and biotite the two most common nnca 
minerals i~ Texas, occur exclusively in 
pegrnatite which is coarse-t~xtured i~ne_ous 
rock. Mica-bearing pegmat1les are limited 
to areas of crystalline rock, particularly 
ancient metan;orphic rocks intruded by 
granite. Absence of these rocks ex~ludes 
the possibility of rnluable deposits of 
mica being found. Th.e presence of such 
rocks affords an ennronment favorable 
for the occurrence of mica but does not 
indicate that mica deposits are there. 
Selenite, a crystalline and cleavable form 
of gypsum common in many shales, clays, 
and marls of Texas, is often mistaken for 
mica and mis-called isinglass. 

Two widely separated areas of pre-Cam
brian crystalline rocks in Texas may be 
considered fayorable for the occurrence 
of commercial deposits of mica. In the 
Van Horn uplift of Culberson and ~ud
speth counties of th e. Trans-P:cos ~eg10~, 
granite and pegmat1te are m'.rus1ve m 
metamorphic rocks of the Carnzo M_oun
tain formation. Granite and associated 
aplite and perrmatite intrude metamorphic 
rocks of the P

0

acksaddle and Valley Spring 

formations of the Llano uplift of Llano, 
Mason, Burnet, Gillespie, and Blanco 
counties. 

Llano uplift.-Mica is common in peg
rnatite and schists of the Llano uplift, and 
a number of prospects have been found, 
particu larly in Mason County. Isolated 
books of stained muscovite capable of be
inµ· split have been reported, but there 
has been no commercial development. 
l\Iost mica of the region is badly stained, 
lined, wedged, or broken, and none of a 
quality suitable for electrical purposes is 
known. Pegmatites of limited extent and 
mica schists exist that might furnish scrap 
or ground mica. 

Van Hom uplif t.- In the border area of 
Culberson ancl Hudspeth counties, a small 
area of pegm alite and enclosing meta
morphic rocks is exposed on the northwest 
flank of the western range of mountains 
composing the Van Horn Mountains. The 
sedimentary cornr has been eroded from a 
small faulted dome' exposing pre-Cam
brian crystalline rocks in an irreirnlar 
shaped area with dimensions of about 2 
miles in a north-sou th directi on and 
slightly more than one-half mile in aver
a!!e width. The locality is known as the 
i\ifica lVIin e, about 15 miles southwest of 
Van Horn, and is about 6 miles from the 
loadino- station of Mica on the Southern 
Pacific

0 

Railroad. The pegmatite area was 
discovered approximately fifty years ago, 
but no attempts at development took place 
for about twenty years. 

The overlying sedimentaries are largely 
thick-bedded limestone with some chert and 
shale. The metamorphic rocks consist of 
a series of muscovite and biotite schists, 
quartz-mica gneisses and schists, chlorite 
and hornblende schists, and garnet schists. 
The quartz-mica gneisses and schists are 
composed mainly of variable quantities of 
quartz, muscovite, biotite, and feldspar, 
with the color determined by the more 
prominent constituent~. Pegmatite intrudes 
into the metamorph1cs both along and 
across their schistosity and encloses large 
masses of the rock but does not invade 
the overlying sedimentary strata. The 
igneous-metamorphic contacts are sharp, 

lBakcr, C. L. , Expl or:i.tory geology of a part of southwestern 

Traos-Pccos T1.:xas: Univ. Texas Bull. 2745, p. 7, 1927 . 
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with little or no zones of alteration or 
digestion. The exceptional variety of peg
matites exhibits the irregularities of texture 
usually possessed by such rock. Graphic 
intergrowths of quartz and feldspar, gran· 
itic textured intergrowth of feldspar and 
quartz with or without mica, and the more 
impressive and characteristic pegmatite 
texture of large crystal development may 
be observed. The color of the igneous rock 
varies from reddish to pink and grayish 
pink. The mica minerals present are mus· 
covite, biotite, and a very little phlogopite 
occurring in schists and in pegmatite. Most 
of the mica schist is light to dark gray; 
the biotite schist is lustrous black, distinctly 
laminated, with scales as much as one-half 
inch in diameter adjacent to contacts with 
the pegmatite. 

Muscovite of value for high grade scrap 
and for block mica occurs in the pegma· 
tites, which vary in width from a few 
inches to more than 100 feet. The mica 
crystals vary in character and size from 
finely foliated scales to fiat books more 
than a foot in length. The amount of mica 
varies greatly among the different pegma· 
tites and within the same pegmatite. The 
mica crystals apparently occupy no regu· 
lar position in the rock. 

At this locality clusters of mica books 
occur scattered at intervals through other· 
wise barren rock. The better crystals split 
fairly well to yield trimmed sheets up to 
about 6 inches in length, but much of the 
book mica is small, lined, crushed, wedged, 
or shows "A" markings. Most of the sheets 
would be suitable for punchings. The mica 
is generally stained to a light brown or 
slightly greenish brown in thicker sections. 
Specks are present in most of the sheets. 
Since practically all of the book mica re
covered so far has been taken from rock 
that has been subjected to weathering 
processes to a varying degree, the grade 
of mica may improve in the fresh peg· 
matite. According to Mr. Philip Hoyt of 
the Texas Mica and Feldspar Company, 
the relative number of larger crystals of 
mica tends to increase near the hanging 
wall, adjacent to the schists. 

Current development at this locality is 
being done by Texas Mica and Feldspar 
Company under the direction of Mr. Philip 
S. Hoyt, Van Hom. The property of 
this company consists of two sections of 
land forming a rectangle, with the length 

oriented approximately north-south, in
cluding all but a negligible part of the out
cropping metamorphics and pegmatites. 
Approximately fifty quarries, many of 
them small, are within the boundaries 
of the crystalline rocks. A number of the 
quarries and pits are accessible from the 
mill by roads. An earlier and distinct com· 
pany attempted commercial exploitation 
of the property, but the development was 
not sustained. The company manufactured 
"micolithic" products for facing artificial 
stone. The material consisted of ground 
mica schist and scrap mica. Various shades 
and textures were obtained by mixing the 
different types of gneiss and schist. The 
Texas Mica and Feldspar Company will 
produce high grade feldspar, scrap mica 
and some sheet mica, and quartz. A small 
pilot mill having a capacity of about 50 
tons per day has been erected and is now 
in operation. Freely broken feldspar, 
quartz, and large books of mica are sorted 
in the quarry, and the remaining rock mix
ture is treated in the mill by primary and 
secondary crushers, picking belts, screens 
of several sizes, and rolls. Dry separation 
is used, and the resulting mill products 
are scrap mica and crushed feldspar and 
quartz. 

Uses of mica.-Mica is employed for 
electrical insulation purposes and in heavy. 
duty spark plugs. Clear, transparent sheets 
are used for windows in ovens, kilns, and 
stoves, lamp chimneys, lenses of goggles, 
helmets, and gas masks, for glazes, and 
ornamental purposes. Ground mica is used 
as a coating and filler material, in paints 
and wall paper, in stucco and concrete, 
asphalt roofing, Christmas tree "snow," as 
a lubricant, and in munitions. 
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BIRD LEAD-SILVER MINE IN BREWSTER COUNTY, TEXAS 

ROBERT C. REDFIELD 

The Bird mine is located in northwestern 
Brewster County in section 56, block 300, 
Gulf, Colorado & Santa Fe Railway survey. 
The mine is accessible practically all year 
by way of a fairly good ranch road inter
secting U.S. highway No. 90, 12 miles 
east of Alpine, opposite milepost 595 on 
the Southern Pacific Railroad; the road 
turns south from the highway, passes under 
a railroad bridge and thence ascends a 
gentle gravel-covered pediment slope to 
the camp, which is situated about 2 miles 
from the railroad at an elevation of 5600± 
feet on the south slope of a northward 
projecting ridge of Altuda Mountain, in 
the Mount Ord Range. Ore is loaded at 
Altuda, a railroad siding about 5 miles 
distant from the mine. 

Vegetation in the immediate vicinity con
sists of native grass, a few species of cac· 
tus and yucca, catclaw, and a sparse growth 
of scrub cedar. Sufficient water for the 
present small scale operations is afforded 
by an old shaft on the property and by an 
earthen tank about a mile distant. The 
mine is operated by the Bird Mining Com· 
pany, Inc., Alpine, Texas. The property 
consists of 3 patented and 13 located 
claims. 

Galena is reported to have been dis· 
covered accidentally at the surface on the 
north slope of Altuda Mountain by J. C. 
Bird about the year 1885. A shaft was 
sunk at the site of the original discovery, 
and the property was worked for lead inter
mittently up to 1927. According to Mr. 
J. R. Hibbs, the property was leased in 
1927 by Mr. Cecil Smith. In January, 1941, 
control of the property was acquired by 
Mr. Hibbs, who operated the mine until 
September, 1941, when Bird Mining Com
pany, Inc., was formed, with headquarters 
at Alpine. 

Production.-Shipments of ten cars of 
ore prior to 1905 are reported, but reco~ds 
of their values have been lost. Accordmg 
to J. R. Hibbs, two or three cars of ore 
were shipped during the tenure of Mr. Cecil 
Smith. Production by Bird Mining Com· 
pany, shipped since the beginning of 1942, 
has amounted to three cars. The ore was 

not sorted other than that incident to min
ing operations and contained the follow
ing values, taken from ore settlement sheets 
of El Paso Smelting Works of American 
Smelting and Refining Company, supplied 
by courtesy of Mr. Hibbs. 

Assay Per Ton of 
2000Lbs. 

Net Weight Lead 
Date Dry Tons Per Cent 

April 9, 1942_ ___ 34.36 34.5 
April 9, 1942 _ _ __ 37.33 37.7 
May 25, 1942-. _____ 31.65 22.4 

Silver 
Ounces 

27.8 
31.2 
18.58 

Silica content of ore varied from 23 to 32 per 
cent. 

Geology.-The western rim of the Mara
thon dome is formed by the Del Norte 
Mountains, the northern portion of which 
is locally called the Mount Ord Range. 
The name Del Norte may he restricted to 
the single and narrow ridge that extends 
from southeast of Altuda Mountain to Del 
Norte Gap; this ridge is a structural unit 
having a nearly north-south strike and con
sists of a sharp monocline on the north that 
passes southward into an asymmetrical 
anticline, overturned westward and broken 
in many places by a thrust fault dipping 
eastward, which has raised Paleozoic and 
Lower Cretaceous strata on the east against 
younger Cretaceous rocks on the west. The 
Mount Ord Range, a westward dipping 
escarpment just west of the Del Norte and 
capped with Tertiary lavas, extends north
ward from just north of Elephant Moun
tain to the vicinity of Strobel siding on the 
Southern Pacific Railroad. The Altuda 
Mountain structure, east of Mount Ord 
Range and northwest of the Del Norte, is 
a broad anticline, the axis of which trends 
northwestward and pitches in the same di
rection, thereby carrying the arch beneath 
Tertiary igneous extrusives. A broad dome 
in the vicinity of Altuda Mountain, faulted 
on the east and south, has at its center a 
roughly circular igneous intrusive. This 
igneous mass is about 2 miles south of the 
summit of Altuda Mountain and has an 
areal extent of about 1 square mile. The 
rock has been identified petrographically 
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by Dr. John T. Lonsdale as a kaolinized 
and otherwise altered syenite that is prob
ably nephelite-bearing.1 Additional smaller 
igneous intrusives occur in the same gen
eral area. 

The syenite intrusive has cross-cutting 
relationships with the adjacent steeply dip
ping sediments. Permian strata of the 
Leonard2 formation are in contact with 
the mass on the north side. This intrusive 
may be largely responsible for the arching 
of the sediments in the Altuda Mountain 
area. 

A fine-grained syenite porphyry intrusive 
with cross-cutting relationships outcrops 
on the north slope of Altuda Mountain. The 
intrusive, somewhat circular in outline with 
a diameter probably in excess of 800 feet, 
invades relatively flat-lying, thin-bedded 
limestone of the Capitan formation. This 
igneous intrusive was the locus of minerali
zation that led to the development of the 
south workings of the Bird Mining Com
pany property. 

About one-fourth mile north, across a 
valley and on the south slope of a north
ward projecting ridge of Altuda Mountain, 
another intrusive mass of syenite porphyry 
of slightly smaller dimensions invades 
strata of the Capitan formation. Minerali
zation adj a cent to this intrusive has led 
to the development of the north workings 
of Bird Mining Company. Other smaller 
igneous intrusives occur in the general area. 

Metamorphic effects other than breccia
tion, some baking, and partial recrystalliza
tion are not great at any of the igneous
sedimentary contacts that were observed 
on the property. 

Development.-The south workings con
sist of the old shaft and drifts dug by 
Mr. J. C. Bird on the site of the discovery 
and from which ore is reported to have 
been mined. Farther up the slope of 
Altuda Mountain and on the east side of 
the prominent ridge of igneous rock is 
situated an old adit driven into altered 
igneous rock to connect with an old shaft, 
and in this adit has been dug a more recent 
winze 78 feet long, inclined southwestward 
at 49 degrees; no ore occurred in the winze, 
and very little ore is reported from the 
adit and shaft. On the west side of the 

1King, P. B., The geology of the Glass Mountains, Texas, 
Part 1: Univ, Texas Bull. 3038, p. 100, 1930 [1931]. 

2King, P. B .• op. cit. 

same ridge is an old adit about 120 feet 
long driven southward. This adit is in 
an iron-manganese oxide-clay gossan 
30 feet wide and reported to be traceable 
about 700 feet at the surface along the 
contact of the igneous intrusive and the 
thin-bedded Capitan li,mestone. A small 
mass of galena has recently been found 
in the wall of this adit, and an old Mexi
can miner reported that the adit was orig
inally driven to recover isolated masses 
of galena scattered through the gossan 
material. 

The north workings of the Bird Mining 
Company consist of one adit estimated to 
be 325 feet long, an air shaft, and 
attendant raises, winzes, cross-cuts, and 
stopes. On the mountain slope above the 
underground workings is located a man
ganese prospect shaft about 58 feet deep. 
Current mining operations are limited to 
the north workings, and the ore shipped by 
Bird Mining Company during 1942 was 
taken from them. 

The main adit was originally driven 
northward following the west side of the 
igneous intrusion at the sedimentary
igneous contact, and ore was taken out in 
places along this contact zone. More re
cently the adit was driven along an inter
secting fracture striking almost north-south 
which carried stringers of galena in a mix
ture of iron and manganese oxides, and in 
the vicinity of the intersection of this frac
ture with faults and an igneous dike, 
striking about east-west, bodies of ore were 
found and stopes were developed. 

Mineralization.-The ore mineral is ga
lena carrying silver, a little zinc, and a 
fraction of 1 per cent of both arsenic and 
antimony. Galena occurs in pockets and 
bodies replacing thin-bedded and massive
bedded Capitan limestone. Localization of 
ore bodies is controlled by approximately 
east-west striking faults dipping at steep 
angles; by a highly altered igneous dike 
striking about east-west and standing at a 
steep angle, but which does not have a 
surface expression; by a set of fractures 
striking almost north-south, along which 
cavities and solution channels have de
veloped and considerable iron and man
ganese oxides carrying occasional stringers 
of galena have been deposited. At the 
intersection of fractures with the faults 
and the igneous dike, galena has replaced 
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limestone to form fairly rich pockets and 
bodies of ore. The larger stopes from 
which ore has been taken are located ad
jacent to the igneous dike. Some ore 
occurs in the brecciated and altered dike 
material. The dike is only a few feet in 
width, perhaps 5 or 6 feet; its length is 
unkn own as well as its geologic relation
ships in depth. 

The back wall at which the main adit 
ter111inates is a body of manganese ore 
carrying some galena. This mass may be 
the same or m:ty connect with the man
ganese oxide body on the mountain slope 
aboYe the adit into which the prospecting 
shaft was sunk to a depth of 58 feet. The 
igneous dike that strongly innuences the 
mineralization and may have introduced 
or served as a channel for the mineraliz
ing solutions is si tuated about 260 feet 
from the entrance of the adit, according to 
,; urvcys of Bird Mining Company. 

Mining methods. - Little ore is in evi
dence in the mine at any one time since 
it occurs in pockets, and the stopes are 
thorough ly deaned of values. Prospecting 
consists of following leads of manganese
iron oxides and galena along the fracture 

system from one pocket to the next. Cur
rent mining operations are accomplished 
without the aid of power-driven machinery. 
Ore is removed through a winze in a 
bucket lifted by windlass and hauled out 
in wheelbarrows. Rock is hand drilled. 
A current of air is developed through a 
raise to the surface. Movement of water 
down through porous and fractured rock 
hampers mining operations for a few days 
following rains. 
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GYPSUM IN THE EDWARDS LIMESTONE OF CENTRAL TEXAS 

VIRGIL E. BARNES 

INTRODUCTION 

Isolated gypsum deposits (fig. 8) within 
the Edwards limestone of central Texas 
appear to be parts of a formerly wide
spread evaporite horizon which is here 
named the Kirschberg evaporite horizon. 
The information in this paper was largely 

outcrop area and a study of the well cut
tings where the Edwards limestone is cov
ered by younger formations. 

A geologic map of Gillespie County is 
being prepared for publication, field work 
for it having been completed in 1942. 
During the mapping of the county and 
examination of the gypsum-bearing area, 
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Fig. 8. Map showing the location of gypsum deposits in the Edwards limestone of central Texas 
and structural contours at the base of the Fredericksburg group. 

obtained from observations in Gillespie 
County, supplemented by a limited num
ber of observations elsewhere. To yield 
fullest results, the problem should include 
a regional examination of the Edwards 

the writer was assisted by Louis Dixon, 
1939-1940, and Lincoln E. Warren, 1941-
1942. Starting in December, 1941, work
ers on a Work Projects Administration 
project were used to clear debris out of 
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Fig. 9. Map showing gypsum localities in Gillespie County, Texas, outcrop areas of the Edwards 
limestone, and structural contours at the base of the Edwards limestone. 
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caverns and sinks so that the thickness of 
the gypsum could be measured, elevation 
of the bottom of the gypsum obtained, and 
samples of the gypsum taken for analysis. 
Two core holes were drilled by the project, 
only one of which was completed. The 
project was ably supervised by Robert W. 
Mathis, who also obtained some of the 
elevations used in this report. 

STRATIGRAPHY 

PRE.CAMBRIAN ROCKS 

The older rocks of the Llano uplift out
crop within a few miles of the gypsum 
deposi ts of Gillespie County. In figure 9, 
Enchanted Rock, a large rounded dome of 
pink, coarse-grained pre-Cambrian granite 
is shown in the northeastern corner of the 
map, and Bear Mountain , a red granite 
hill 3V~ miles north of Fredericksburg, is 
entirely surrounded by Cretaceous sedi
ments. The granite is the youngest of the 
pre-Cambrian rocks and was intruded into 
older sedimentary formations now meta
morphosed in to schists and gneisses. The 
schist designated by Paige' as Packsaddle 
schist is composed predominantl y of darker 
colored schists, in<' luding biotite, horn
blende, garnet, and graphite ~chis l s, and 
some lighter colored rocks, including 
marble and muscovit e schist. The gneiss 
designated bv Paige' as Valley Spring 
gneiss is predominantl y a pink feldspathic 
f!neiss ranging from near a quartzite to a 
rock havi ng extreme gneissic texture. 

PALEOZOIC ROCKS 

The Cambrian was deposited on a pre
Cambrian surface ha,·ing at least 700 or 
800 feet of relief. The first deposits, the 
Hickory sandstone, are wind-blown sands 
with dreikanlers at their base fo llowed by 
sands deposited sub-aqueously. The Hick
ory sandstone grades both upward and 
laterall y into the Cap Mountain limestone. 
In the western part of th e uplift the Cap 
Mountain limestone is less than 100 feet 
thi ck, and in the eastern part of the upli ft 
it is more than 400 feet thick. The top 
member of the Cap Mountain formation 
is the Lion Mountain sandstone which is 

'Pa ic:r:. Sidney . Miner.it rc~ourc es of the Llano-Burne t re· 
i; ion, Tcxa!<: L:.S. Geo!. Sun·cy Bull. 4SO, pp. l fi-18, !<H I. 

:? fdcm, pp. 19-21. 

a glauconitic sandstone that extends 
th roughout the region. An inlier of Cap 
Mountain limestone outcrops about one
fourth of a mile southwest of gypsum lo
cality 6 (fig. 9) and extends about 140 
feet up into the Edwards limestone. This 
is the highest peak of the pre-Cretaceous 
surface exposed in Gillespie County. Other 
inliers are located farther to the south
west. 

The Wilberns formation of Cambrian 
age fo llows the Cap Mountain formation 
and is composed of the followin g mem
bers :3 

San Saba limestone in west-equivalent to 
Pedernales dolomite in east 

Point Peak shale-best developed in north part 
of uplift 

Morgan Creek li mestone-throughout uplift 
Welge sanJotone- throughout uplift 

The Ellenburge!' formation of Ordo
vician age follows the Wilberns and is 
composed of several members, the bottom 
one of which has been named the Thread
gill limestone (Bridge and Barnes MS.). 
The other members of the Ellenburger 
formation have not been named or de
fined . Rocks younger than the Ellenburger 
are not present in Gillespie County, but 
rocks of Pennsylvanian age outcrop in 
Menard County. 

CRETACEOUS ROCKS 

TRINITY GROUP 

The Cretaceous was deposited on a sur
face having considerable relief and made 
up of a wide range of rocks. The basal
most deposits are conglomerates which are 
thick in valleys and thin or absent on the 
hills of the pre-Cretaceous surface. Travis 
Peak sand is the name used for the basal 
sands and conglomerates of the Trinity 
o-roup of the Cretaceous. In Gillespie 
County, however, the sand rises still higher 
in the sect ion and is equivalent to the 
Walnut clay and to at least part of the 
Comanche Peak limestone. The Travis 
Peak sand should be defined as the shore
ward sandy facies of the Cretaceous sys
tem of Texas. It ranges widely in age, 
heing equivalent to Glen Rose l!mestone, 
Walnut clay, Comanche Peak l11nestone, 

3Th csc mcmbN;;. art' nam4'!il in a man u!lcrip t by Josia h 
Bridge an d V. E. Barnes, S 1rati:,.:r.i phy of the Upper Cam
brian, Llano Upli ft , Texa !I. 
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and possibly other geologic units of the 
surface and the subsurface. 

The Glen Rose limestone characterized 
by bench topography is composed of al
ternating hard limy and soft marly beds, 
interfingering with the sandy Travis Peak 
formation. It thins rapidly toward the 
uplift, being only a few feet thick in the 
vicinity of Fredericksburg and entirely 
disappearing to the north. 

FREDERICKSBURG GROUP 

WALNUT CLAY AND COMANCHE PEAK 
LIMESTONE 

The Walnut clay thins toward the up
lift and disappears north of Fredericks
burg. The Comanche Peak limestone is 
also partly replaced by sands in the north
ern part of Gillespie County, and in the 
vicinity of Crabapple Creek only 6 to 10 
feet of limestone remains, whereas the 
normal thickness in Gillespie County is 
about 30 feet. The lower portion of the 
Comanche Peak limestone is an impure 
nodular limestone, and the top part con
tains some uniform, soft, easily worked 
limestone beds which have been extensively 
used in the Fredericksburg area as a build
ing stone. 

EDWARDS LIMESTONE BENEATH 
KffiSCHBERG EV APORITE 

By the beginning of Edwards limestone 
deposition most of the central uplift was 
probably covered by Cretaceous deposits 
except for a few isolated peaks such as 
the high peak of Cap Mountain limestone 
surrounded by Edwards limestone near 
gypsum locality 6. The Edwards lime
stone varies widely in lithology, ranging 
from an extremely hard limestone that 
rings upon being struck by a hammer to 
a soft pulverent limestone that can be 
crumbled in the hand. The Edwards lime
stone in part ranges from exceedingly pure 
calcium carbonate through magnesian 
limestones to almost pure dolomites. The 
range of non-carbonate materials is ex
tremely variable from limestones with 
practically no impurities to rocks that are 
high in impurities. One of the character
istic impurities of the Edwards limestone 
is flint masses which vary widely in color, 
size, and shape. 

A section of the Edwards limestone be
neath the gypsum horizon was measured 
in Gillespie and Kimble counties along 

the Falls Prong of James River. The 
section, including some beds beneath the 
Edwards limestone, is as follows: 

Section of Cretaceous along Falls Prong . of 
lames River, Gillespie and Kimble counties, 
Texas. 

Depth to 
bottom 
of bed 
Feet 

Medium - bedded, light · colored 
limestone ------------- - -------------- 5.0 

Thick-bedded, white to gray lime
stone. From 5.0 to 5.5 feet 
large 6-inrh flint nodules are 
common. From 10.0 to 10.5 
feet is a bed containing "beek-
ite" (roseate silica) which 
seems to be replacing gry
phaeas ------------------------ - -- 15.0 

Hackly - surfaced, buff - colored 
limestone --------------------- ------ 16.5 

Honeycombed, very dark dirty 
gray limestone ------- ---------- 21.5 

Thin to medium-bedded lime· 
stone, white at base grading to 
dark gray at the top ----- - ---- 29.5 

White limestone containing a 
large number of small oysters_ 30.5 

Honeycombed, very dark dirty 
gray limestone. This bed is an 
aquifer furnishing a consider· 
able flow of water _________ 33.5 

Medium to thin-bedded, hard and 
flaggy, white to light gray lime-
stone ---- ---- ---- 39.5 

Porous, quite fossiliferous, white 
limestone --------------- 40.6 

Thin-bedded, light-colored lime-
stone --------------- ---- - 42.5 

Light gray limestone______ 45.5 
Thin to medium-bedded, light 

gray to light buff limestone, 
somewhat more massive bedded 
in middle 63.1 

Very dark gray flint, forming an 

Thick
ness of 

bed 
Feet 

5.0 

10.0 

1.5 

5.0 

8.0 

1.0 

3.0 

6.0 

1.1 

1.9 
3.0 

17.6 

almost continuous bed __ __________ 63.6 0.5 
Medium-bedded, dirty grayish-

brown limestone ----------------------- 70.1 6.5 
Very dark gray to black flint, 

forming an almost continuous 
bed --------------- - ----- 70.3 0.2 

A receding yet hard, light tan-
nish-gra y limestone containing 
some flint ---------- - -- --- - -- 74.6 4.3 

Honeycombed, hard, very dark 
dirty gray limestone with only 
a few bedding breaks and con
taining some rounded flint 
nodules -------------------- 101.9 27.3 

Nodular, soft, marly, light-colored 
limestone --------- ------ 106.1 4.!! 

Thin-bedded, soft, light-colored 
limestone with flint nodules at 
top. (Base of Edwards lime-
stone.) - ----- - ----- --- 111.1 5.0 



Texa& Mineral Resources 39 

Depth to 
bottom 
of bed 
Feet 

Thin bedded in lower and upper 
parts with more massive bed in 
middle, soft, light buff-colored 
limestone. The massive bed 
may represent the building 
stone bed of central Gillespie 
County -----····---------------------- 116.1 

Massive, yellowish-gray limestone 118.4 
Massive bed of yellowish-gray 

limestone forming lip of the 
falls ------------------------------------ 121.8 

Nodular, honeycombed, light 
buff-colored limestone ------------ 122.9 

Three beds of limestone: upper, 
light buff; middle, dark bluish 
gray; bottom, dirty brownish 
gray ----------------------------------- 125.9 

Nodular, honeycombed, marly, 
dark dirty gray limestone __________ 129.9 

Marly, light dirty gray limestone, 
with basal foot containing nu
merous small oysters ----------------- 138.4 

Soft, marly, light dirty gray lime
stone with burrows ramifying 
throughout. (Bottom of Co-
manche Peak limestone.) _______ 142.6 

Nodular, marly, dark bluish-gray 
limestone with 0.2 foot bluish
gray clay at base, contain
ing numerous Exogyra texana 
throughout and many other fos-
sils. (Walnut clay.) _______________ 144.4 

Nodular, honeycombed, grayish
white limestone with some 
lenses of hard limestone and 
many fossils ----------------------------- 147.5 

Gray clay with a greenish cast, 
containing pyrite nodules 
which oxidize readily __________________ 150.3 

White clay ----------------------------------- 153.5 
Bottom of section is at water level 

in pool at the foot of the falls. 

Resume of section. 

Edwards limestone, top not present. An 
additional 235 feet of Edwards lime-

Thick
ness of 

bed 
Feet 

5.0 
2.3 

3.4 

1.1 

3.0 

4.0 

8.5 

4.2 

1.8 

3.1 

2.8 
3.2 

Thick
ness of 

bed 
Feet 

stone is indicated by the elevation dif
ference between Wendel triangulation 
station and the top of the measured 
section -------------------- ---------------- 346.l 

Comanche Peak limestone______ _______ ____________ 31.5 
Walnut clay ------------------------------------ 1.8 
Glen Rose limestone, bottom not exposed 9.9 

The elevation of Wendel triangulation 
station just over the county line in Kimble 
County to the west is 2,260 feet, and the 
elevation of the base of the Edwards lime
stone 3.5 miles to the north is 1,914 feet. 
The difference in elevation is 346 feet and 
possibly closely represents the thickness 

of the Edwards limestone present on the 
western edge of Gillespie County. 

Another section of the lower part of the 
Edwards and the underlying Comanche 
Peak and Walnut was measured in Kimble 
County east of Junction where a section 
is well exposed in a highway cut. 

Section of Cretaceous in highway cut on Junc
tion-Kerrville highway east of Junction, Kimble 
County, Texas. 

Depth to 
bottom 
of bed 
Feet 

Section starts at top of road cut 
at top of hill. 

Thick
ness of 

bed 
Feet 

Thick-bedded, buff limestone _____ 10.0 10.0 
Cavernous zone ( evaporite hori-

zon) ---------- ---------------------------- 15.0 5.0 
Thin to medium-bedded, in part 

flaggy limestone; gray to buff 
with black chert near bottom__ 20.0 5.0 

Soft yellowish marL________ _________ 20.2 0.2 
Hard, light buff-colored lime-

stone ------------ ---- -----·-------------- 21.2 1.0 
Soft, marly, very light buff-col-

ored limestone with flint nod-
ules at top_______________ _________________ __ 23.0 1.8 

Pulverent, marly, light buff-col-
ored limestone containing E:m-
gyra texana ----------- 23.6 0.6 

Light buff-colored limestone, con
taining filled burrows. It thick
ens rapidly to 4 feet to the east 
at the expense of the next 
lower bed --------------------------------- 24.9 1.3 

Porous, solution-frescoed brown-
ish-gray limestone which is 
somewhat contorted ·-··-------------- 32.6 7.7 

Medium to thick-bedded grayish-
brown limestone ------------------------ 37.7 5.1 

Grayish-brown limestone contain
ing gray to black chert nod
ules, with a half-inch yellowish-
brown marly layer at the top ____ 39.4 1.7 

Thick to medium-bedded, bullish-
white limestone -------------------------- 44.6 5.2 

Medium - bedded, bullish - white 
limestone with a layer of brown 
chert at the top__________ __ ________________ 47.1 2.5 

Fossiliferous, bullish-white lime-
stone --------------------------------------- 47.6 0.5 

Medium-bedded, light buff, flag
gy limestone containing black 
chert nodules ------- ---------------------- 50.2 2.6 

Thin-bedded, soft to pulverent, 
light buff limestone .. __ __ __________ __ __ 51.7 1.5 

Nodular to massive, grayish-
brown limestone with a chert 
layer at the top_________ __ _________ ____ 57.9 6.2 

Massive, grayish-brown limestone 
with a chert layer at the top____ 60.8 2.9 

Massive, buff-colored limestone 
with thin-bedded zone near 
center --------------------------------------·- 65.0 4.2 
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Depth to 
bottom 
of bed 
Feet 

Pulverent, very light buff-colored 
limestone containing Exogyra 

Thick
ness of 

bed 
Feet 

texana -·------------ 68.0 3.0 
Brownish-gray limestone ----- 69.5 1.5 
Massive, light buff-colored lime-

stone --- -------------- 72.3 2.8 
Light gray limestone______ 72.9 0.6 
Well·bedded, light buff-colored 

limestone ---------------- 74.8 1.9 
Pulverent, light buff-colored lime-

stone - --------------- 75.4 0.6 
Nodular to hackly-surfaced, light 

buff-colored limestone - ---- 81.4 6.0 
(Interval covered by a side 

road.) -------- -------- -------- 85.4 4.0 
Buff limestone --------- 87.0 1.6 
Gray limestone --- --------- - -- 88.0 1.0 
Three beds of buff-colored lime-

stone ---------------------------- 91.6 3.6 
Irregular-bedded to nodular buff· 

colored limestone ------ 96.5 4.9 
Irregular - bedded buff· colored 

limestone --- ------ 99.6 3.1 
Ruff-colored limestone containing 

Toucasia - -- ------------- 101.l 1.5 
Nodular, buff-colored limestone 

somewhat more massive and 
fossiliferous at top___________ ___ 105.6 4.5 

Nodular, brown limestone bed.- 108.2 2.6 
Massive, brown limestone bed ___ 112.9 4.7 
Thin-bedded, buff-colored lime-

stone with chert layer at top .... 116.9 4.0 
Massive, buff-colored limestone 

bed --------------------- ---------- 118.l 1.2 
Nodular, buff-colored limestone 

with chert layer at top; bottom 
half is more massive than top 
half 122.3 4.2 

Nodular, brown limestone bed __ 126.3 4.0 
Buff-colored limestone bed ___________ 126.9 0.6 
Brown limestone with a hackly 

surface --------- - ---------··-------- 130.8 3.9 
Buff-colored limestone with chert 

at base -------------------------------· 132.l 1.3 
White limestone bed ________________ 132.9 0.8 
Thin-bedded white limestone con-

taining lowest chert in section .. 133.4 0.5 
Thin · bedded white limestone. 

(Base of Edwards limestone.) _ 134.7 1.3 
Nodular, soft, yellowish-buff lime

stone with Exogyra texana and 
many other fossils in the basal 
portion. (Comanche Peak lime
stone with Walnut clay at base 
represented by nodular Exogyra 
texana-bearing limestone.) ·----- 164.7 30.0 

This section rests upon sandy ma-
terial at the top of the Glen 
Rose limestone. 

The Edwards limestone beneath the 
Kirschberg evaporite is well exposed along 
many streams throughout the area and is 
without exception flat lying and undis
turbed. The Edwards limestone above the 

Kirschberg evaporite is poorly exposed, 
and the outcrops are characterized by 
variable attitudes of the beds, fractures, 
and small folds. The difference in attitude 
is the chief characteristic distinguishing 
the upper and the lower part of the Ed
wards limestone within the area of the 
Kirschberg evaporite. 

KIRSCHBERG EV APORITE 

The gypsum of Gillespie County occu
pies a definite horizon in the Edwards 
limestone. It was at one time a continuous 
bed which extended throughout at least 
several, and possibly many, counties of 
the State. Only remnants of this once ex
tensive bed remain, the rest having been 
removed by solution. The gypsum horizon 
is recognizable in many places where it is 
now removed, and this horizon including 
the gypsum which still remains should be 
named. Kirschberg is the original German 
name for Cherry Mountain, and since 
Cherry in one manner or another is already 
widely used, it is appropriate that the 
evaporite in the Edwards limestone be 
named the Kirschberg evaporite. 

From the degree of disturbance in the 
overlying beds, the gypsum bed must have 
had an appreciable thickness. Remnants 
of this bed up to 35 feet thick are present 
in the Cherry Mountain area of Gillespie 
County. The gypsum is in solution-sculp
tored columns and frescoed masses with 
evidence of solution at the top and bot
tom of the gypsum wherever seen. The 
maximum amount of gypsum originally 
present cannot be stated, but a minimum 
of 35 feet is known. Gypsum is the only 
evaporite so far found in this zone, but 
others may have been present, all traces 
of which have now been removed by solu
tion. The evaporites have been so nearly 
removed that they no longer affect the 
waters of the Edwards limestone of Gil
lespie County. The sulphate content of 
the Gillespie County Edwards limestone 
waters is lower than for the waters of 
other formations. 

The gypsum in Gillespie County is about 
140 feet above the base of the Edwards 
limestone. The known deposits extend for 
a distance of 10 miles along an east-west 
ridge of Edwards limestone northwest of 
Fredericksburg. The following table gives 
the name of the landowner, elevation of 
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the bottom and top of the gypsum, thick- vicinity have gypsum exposed in tllf'm. Some core 

ncss of gypsum, eleYation of the ground holes drilled in the area had !!YP"'m "ores aho11t 

abo,-e the gypsum, and thickness of 
them, hut the amount of gypsum encountered is 

cover not known. 

Thick - FlcYa- Thi('k-
Gypsum elevations ness of tion of ne:=:.s of 

Lo"ality in feet gypsum p:ro11nd co\"er 
No. Landowner Top Bottom in feet inf eet in feet 

Emil Crenwelge . 2093.7 2085.0 8.7 2098.2 .L) 

2 Joseph Stehling . 2086.7 207-l.7 12.0 2101.2 14.5 
3 IL L Keyser . 2079.0 2069.0 10.0 2083.3 4.3 
4 E. J. Wendel .... 2092.3 2071.6 20.7 2118.2 25.9 
5 Fritz Rummler 2069.l 2050.6 18.5 2089.5 20.4 
6-A Otto Ketron 2132.6 210.3.3 29 .. 3 2144.l 11.5 
6- Il Otto Ketron 2105.0 2085.0 20.0 2113.7 8.7 
7 Ernst 1\leier 2101.'l 2082.6 18.8 2117.7 16.3 
8 Ernst Meier 2100.9 2079.:3 20.6* 2109.6 8.7 
9 Reinhold Weber .... ................. 2088.0 2062..3 not 2093.5 5.5 

10 Rudolf Oehler ........................... 2067.9 2061.7 6.2 2081.8 13.9 
11 Fred W. Welgehausen .... .. ..... 207L7 2056.5 18.2 2081.7 7.0 

*:~wo bed~. Upper one 16.i fret thi ck, lower 11m· 4 f<'('t thick; s<:para tcd by l foot of limestone. 
ilwo beds. Upp er on ~ 16 feet 1hick, lower 0111 · ll fed tliick; separat ed by 1.7 feet o f li mest one . 

over the gypsum at the immediate points 
examined . The locality numbers are the 
same as in figure 9 . 

Lor:alit)' ].- This locality is 7.3 miles west of 
the Mason hi ghway at a point 7.7 miles from 
Frcderi"ksburg. Gypsum was first noticed in this 
a rea while a post hole \HlS being dug. Only a 
small residual boulder was found, hut evidence 
of gypsum, such as caves and sinks, is abundant 
near by. One of the caYes was cleared of debris 
and a vert ical solution "lrannel throiq:;h the gyp
sum was cleaned out. A massive 8.7-foot bed of 
gray gypsum was exposed. 

Locality 2.- A Joni'; Doss road 3.5 miles west of 
the Mason highway at a point 10 miles from 
Fredericksburg. Gyp.sum has been mined spo
radi"ally at thi s lo"ality since 1934 by 0. L. Ney
land, of San Antonio. Gypsum has been exten
.si,·ely di>solrnd from the top of the bed, and 
1 lwr~ is ~ome cyiden('e of solution at the bottom 
an<l at intermed iate points. Filled sinks are 
present and can usually be detected at the surface 
l1y a ring of inward-dipping limestone slabs. 

Lurnlity .l.- .'\ long the Mason highway 12.3 
miles from Fredericksburg. Gypsum was mined 
a t this locality during 19.32 and 1933 by 0. L. 
Neyland. of San Antonio. The workings are west 
of the :llason hi ghway and are now ratlrer danger
ous to enter. 

Locality 4.- This locality is 0.5 mile west of 
Cherry l\1011ntain road at a point 8.8 miles from 
Freder i1·ksburg. Gypsum was not previo11sly 
known at thi s local ity. A test pit was dug at 
the south ed1'e of a partly filled sink, and the 
top of the gypsum was reached at a depth of 
about 26 feP.t. A \'erti cal solution channel was 
<:!cared of delrris, exposing 20.7 feet of massive 
gyp~um. 

Locality 5.- This locality is 0.7 mile west of 
Cherry ~lountain road at a point 9.7 miles from 
Fredericksburg. Six feet of !(ypsum could be 
::O('<.'Jl in a cave, and a vertical solut ion cavern was 
dr·a red of debris, exposing a total of 18.5 feet 
of gypsum. At least two other caves in this 

_Locality 6.-Along east side of Cherry l\1oun
tarn road 7 miles from Frederi cksh11rg. 1\!r. Bart 
Moore, Jr., of San Antonio, produced p;ypsum 
from thi s property fo r SC\'C ral months durinp; 
1940. The gypsum was mined by open-pit meth
ods, and two pits about one-fourth of a mile 
apart were opcnrd. One pit. n< ~ ar the main road. 
had 20 feet of gypsum exposed on one side, and 
the other sides expose chiefly cave-fill in solution 
channels in the gypsum. Solution of the gypsum 
has been very extensi\'e, and the entire block of 
p:vpsum remaining has been sharply tilted because 
of unequal solution at its base. The southeastern 
pit, bordering the road to Ketron's house, has a 
29.3-foot vertical face of gypsum exposed in one 
side of the pit. The maximum thickness of ex
posed gypsum in the arra is in this pit. Durinp; 
mining operations a ,)S-foot face of gypsum was 
a t one time developed. Solution of p:ypsum has 
been very extcn~ ive with much of the gypsum 
now remored. From exposures in the mine pits, 
and in test pits, it appears that only irregular 
columns of gypsum remain, and that manv of 
these are laced by small solution channels. ·The 
gypsum in this area is structurally high. A small 
outcrop of Cap Mountain limestone is exposed 
toward Fredericksburg and within a quarter of 
a mile of the gypsum pits. The Cap Mountain 
limestone exposure is a high peak of Paleozoic 
rocks wh ich extended about 140 feet up into the 
Edwards limestone. It is possible that differential 
compaction of the Cretaceous sediments abou t the 
high Paleozoic rock mass may account for the 
structurally high area. 

Locality 7.-This locali ty is 1.4 miles east from 
Cherry l\!ountain road at a point 7.7 miles from 
Fredericksburg. Gyps11m is exposed in a cave 
frequented hy goat<. One soluti on <·avern about 
12 feet deep, usually with one or more goats 
trap ped at the bottom, was enlarged and cleared 
of debris, exposing a total of 18.8 feet of massive 
white gypsum. Abundant evidence of solution is 
present. 

Locality 8.- This locality is 1.7 miles east from 
Cherry ]\fountain road at a point 7.7 miles from 
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Fredericksburg. A test pit, partially refilled, had 
at one time exposed gypsum in a small sink. The 
test pit was cleaned out and a vertical solution 
channel cleared of debris, exposing 20.6 feet of 
gypsum. The gypsum is in an upper 16.6-foot 
bed and a lower 4-foot bed separated by 1 foot 
of limestone. Another exposure of gypsum in a 
test pit is located between localities 7 and 8. 

Localities 9, 10, 11.-These localities are from 
1.1 to 1.8 miles west of upper Crabapple road 
at a point about 8.5 miles from Fredericksburg. 
The gypsum ranges from 6.2 to 24.0 feet in thick
ness. At locality 9 an upper 16-foot bed of 
gypsum was separated from a lower 8-foot bed 
of gypsum by 1.7 feet of limestone. 

Locality 12.-North of Doss road five-eighths 
of a mile west of Mason highway at a point 
about 10 miles from Fredericksburg. A core hole 
was drilled to a depth of 130.5 feet. No gypsum 
was found, but at a depth of 113 feet a 2-foot 
cavern indicates that the gypsum may have been 
removed by solution. 

Gypsum has been reported in Menard 
County for a number of years. This oc
currence was verified by the writer August 
10, 1943. The locality at which gypsum 
can be seen is 3 miles south of Menard 
on the Chas. E. Speck property. Figure 10 
is a plane table map showing the position 
of the sink about which some gypsum is 
piled. The sink is about 6 feet in diameter 
at the surface and bells out with depth. 
Mr. Speck stated that an inclined opening 
extends eastward to the gypsum. The sink 
has been partly filled with barbed wire, 
sheet metal, tin cans, and other refuse hut 
can still he entered. However, it was not 
practicable to continue investigations in 
the sink at this time. A quantity of gyp
sum and limestone has been piled about 
the sink apparently by hunters of the 
legendary lost San Saha mine. The gyp
sum is sugary in texture from long ex
posure to weather, hut fairly fresh mate
rial was found inside of some of the larger 
boulders. 

The elevation of the top of the Exogyra 
texana zone "Walnut clay" is 1,942 feet 
at the south edge of Menard, and the ele
vation of the mouth of the gypsum sink 
is 2,127 feet. The elevation of the base 
of the gypsum horizon (position estimated 
and possibly in error) along the road is 
2,073 feet, placing the bottom of the gyp
sum about 131 feet above the Exogyra 
texana zone and about 54 feet beneath the 
surface at the sink, providing that the Cre
taceous beds in this area are essentially 
level. From the data given in figure 8, 
the Cretaceous is shown to dip to the south-
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Fig. 10. Map showing the location of gypsum in 
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east which would increase the above thick
nesses slightly. The gypsum bed of Menard 
County must be at approximately the same 
horizon as the one in Gillespie County and 
probably at one time was continuous with 
the Gillespie County deposit. 

Another report of gypsum in Menard 
County, substantiated by cores supposedly 
obtained from 8 miles west and 2 miles 
north of Menard, was investigated, but the 
writer has been unable to verify this report 
satisfactorily. 

Highway cuts on the Menard-Junction 
highway make excellent exposures of the 
Edwards limestone. These cuts are prac
tically all above the gypsum horizon, and 
in practically all cuts the beds are in 
various disturbed attitudes. A new high
way from Junction toward Kerrville shows 
the same disturbed condition in Edwards 
limestone beds known to be above the 
level of the evaporite zone. The section 
measured just east of Junction (p. 39) is 
of an excellent exposure of 135 feet of 
Edwards limestone and of the rocks below 
it. In this section 120 feet above the base 
of the Edwards limestone a zone of highly 
porous, cavernous, and in places brecciated 
brownish-gray limestone ranging up to 8 
feet thick, in the 100 yards exposed, prob
ably represents the evaporite zone. The 
33 feet of beds above this zone are dis
torted by folds and small fractures. Other 
exposures of the zone formerly occupied 
by evaporites vary widely in appearance. 
In many the zone is a breccia of slumped 
beds; in some, secondary deposition of 
calcium carbonate has produced concre
tionary ropy aggregates intermixed with 
pulverent impure limestone. 

The lateral boundaries of the gypsum 
have not been determined. The disturbed 
attitude of the upper Edwards limestone 
beds is indicative of the removal of gyp
sum. This condition dies out to the south
west of Junction and is not present in the 
head drainages of Nueces and Frio rivers, 
indicating that the gypsum did not extend 
to these areas. The area south of Kerrville 
and the area west of Menard have not been 
examined. To the east of the Gillespie 
County gypsum area, lower beds only are 
exposed until the vicinity of the Balcones 
fault zone is reached. Fault blocks of 
Edwards limestone in this zone contain 
r.umerous sinks, but in view of the more 

massive character of the limestone in this 
area these sinks might be caused by col
lapsed limestone caves rather than by the 
solution of gypsum. 

EDWARDS LIMESTONE ABOVE KIRSCHBERG 
EV APORITE HORIZON 

The Edwards limestone above the 
Kirschberg evaporite is poorly exposed, 
and most of the outcrops show strong 
and varied dips. No sections have been 
seen where it was feasible to measure 
this portion of the Edwards limestone. 
Two core holes drilled near Hilltop, Gil
lespie County, give some information about 
the middle third of the formation. The 
description of the cores from these holes 
follows: 

Gypsum core test No. 1 on Willie F eidler 
ranch, along north side of Doss road 650 feet 
west of Hilltop Service Station, Gillespie County, 
Texas. Drilled 1942. Elevation 2,144.9 feet. 

Depth Per cent 
in of core 

feet recovery 
Black soil, becoming slightly 

reddish near bottom, contain-
ing small flint fragments ........ 0-2.8 100.0 

Red soil and hard, dense to l 
slightly crystalline, buff to 
!ight gray li~.es~one, contain-
mg some m1hohds -----------······· 2.8-5--05 

Hard, light gray, dense to 
slightly crystalline limestone, 
containing some miliolids ..... . 

Hard, light buff, dense to l 
slightly crystalline limestone 
with some porosity and a few 
poorly preserved fossils__ 6-8 

Hard, light buff to white, dense 
to slightly crystalline lime-
stone containing a few fossil 
fragments ··········- ------ 8-10 

Medium hard, light buff, dense } 
to slightly crystalline lime-

f~~;~~~~ta~~i~-g---~--:~~-~~-s~~~ 10-12 
Medium hard, very light buff, 

dense to slightly crystalline 
limestone containing a few 
fossil fragments ___________________ 12-17 

Soft, white, mottled brown, l 
marly limestone with very 
few fossils ------------------------------- 17-20.3 

So!\~e~~~~~--~t~t-.:~~~~~-~~~~ 20.&-30 

Hard, dense, light buff lime-
stone with very few fossils_____ 30-34 

Soft, porous, light buff, marly 
limestone with numerous 
poorly preserved fossils and 
abundant oolites ----------- 34-38 

62.5 

45.0 

37.2 

51.2 

25.0 
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Depth Per cent 
in of core 

feet recovery 
Soft, light buff to white, marly 

limestone with very few fos· 
sils ··---------····- ····----·- ···· 

Soft, light buff, marly lime· 
stone with very few fossils .... _ 

Soft, yellow, marly clay _____ _ 

3S-58t 53.3 
58--01 
61-62 

Soft, porous, white, fossiliferous 
limestone containing abun· 
dant oolites ····--···-·······-··-·

Soft, porous, white to light buff 
limestone containing many 

~} ~5 
poorly preserved fossils ......... . 64-70) 

Average 51.3 

Gypsum core test No. 2 on Willie Feidler prop
erty, five-eighths of a mile west-northwest of 
Hilltop Service Station and about 1,100 feet 
north-northeast of culvert and secondary road on 
Doss road, eleven-sixteenths of a mile from Hill· 
top Service Station, Gillespie County, Texas. 
Drilled 1942. Elevation 2,178.2 feet. 

Hard, honeycombed, crystalline, dark 
gray limestone; practically unfossiJif. 
erous. Many of the holes near the 

Depth in 
feet 

top are filled with caliche_··-- ············ 0- 8 
Hard, porous to honeycombed, crystal

iine, grayish-buff limestone with one
half inch pyrite nodule at 14 feet; 
practically unfossiliferous ----·-····- S-16 

Hard, porous to honeycombed, crystal-
line, p;ray limestone; practically un
fossiliferous ····························-·············· 16-17.3 

Hard, porous to honeycombed, crystal-
line, buff limestone; practically un-
fossiliferous ...................... ...................... 17 .3-22 

Hard. somewhat porous, dense to crys
talline, buff to gray limestone; prac
tically unfossiliferous; some gray 
flint ··········--··- ········-······----···-············ 22-33 

Hard, somewhat porous, dense to finely 
crystalline, buff limestone; prac· 
tically unfossiliferous; some gray 
flint --·············- ··········-························-

Hard, somewhat porous, dense to finely 
crystalline, buff to light buff lime-
stone with a few poorly preserved 
fossils ··-····---····-------·--·············-·· 

Soft, dense, buff to light buff, mottled 
brown marly limestone with only a 
few fossil fragments .. ·--······-················ 

No core ··-·-······- ····---- -···-··-- ············ 
Soft, finely crystalline, buff mottled 

brown, porous marly limestone with 
only a few fossil fragments ..... _______ _ 

Soft, buff mottled brown, dull, marly 
limestone with few fossil fragments 

Soft, light buff to light gray mottled 
brown, dull, marly limestone with 
few fossil fragments_··- ··-···················· 

Soft, very light buff to white, dull, 
marly limestone with few fossil frag· 
men ts ··········- --············------····--··-···-· 

Soft, yellowish-buff, dull, marly lime· 
stone with few fossil fragments ......... . 

Soft, buff, porous, dull, oolitic lime
stone composed of abundant very 
poorly preserved fossils. Some buff 
marly limestone is also contained in 

Depth in 
feet 

33-38 

3S-42 

42-50 
50-57 

57-59 

59-63 

63-67 

67-91 

91-93 

this section ····----·--·-·--·-····-- 93-101 
Soft, buff, porous, dull, marly limestone 

with a few streaks of dense, white, 
hard limestone. The porous lime· 
stone contains many poorly preserved 
fossils. Cavity from 113-115 feet ..... 101-118 

Hard to medium hard, crystalline to 
dense, huff (reddish buff at 124 
feet), slightly porous to highly por-
ous poorly fossiliferous limestone ____ llS-130.5 

Beds from 62 to 64 feet in hole No. 1 
correlate with beds included between 93 
to 101 feet in hole No. 2. 

Chemical analyses of the cores recovered 
from hole No. 2 are as follows: 

Analyses of limestones from gypsum core test No. 2 on Willie Feidler property, Gillespie County, 
Texas. R. M. Wheeler, analyst. 

Sample Depth in Core Analytical results Calculations 
No. feet recovery Insoluble R,O, Cao MgO Ca CO, Mg CO, Total* 

31557- l 0-8 73.8% 0.72% 0.49% 54.6% 0.29% 97.44% 0.61% 99.26% 
-2 S-17.3 63.5 0.46 0.61 54.3 0.41 96.90 0.86 98.83 
- 3 17.3-28 29.9 0.66 0.48 54.6 0.30 97.44 0.63 99.21 
- 4 2S-38 15.0 0.98 0.47 54.7 0.27 97.62 0.57 99.64 
- 5 3S-50 29.2 2.22 0.65 53.7 0.27 85.83 0.57 99.27 

50-57 None 
- 6 57-77 40.5 4.74 0.64 48.8 3.42 87.09 7.16 99.63 - 7 77-91 37.9 4.34 0.66 52.4 0.52 93.51 1.08 99.59 
- 8 91-101 18.0 6.12 0.72 50.7 0.89 90.48 1.87 99.19 
- 9 101-118 21.2 1.32 0.42 53.2 1.88 94.94 3.92 100.60 
- 10 llS-130.5 28.8 1.66 0.60 37.5 14.74 66.92 31.12 100.30 

32.5 ave. 

•IosolubJe, R203, CaC~, and MgCOa. 
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The crude method of shot coring used 
resulted in very poor core recovery, and 
consequently the above analyses cannot be 
accepted as truly representing the Edwards 
limestone penetrated. With this type of 
coring, the softer beds tend to be de
stroyed more rapidly than the hard ones 
and, as can be seen by comparing the 
analyses with the core description pre· 
viously given, the softer rocks are highest 
in impurities. The upper 38 feet of hard 
crystalline limestone is of a consistent 
grade and is rather low in impurities. 

STRUCTURE 

Structural contours on the base of the 
Edwards limestone are shown in figure 9. 
The interval between the base of the Ed
wards limestone and the base of the gyp· 
sum is approximately 140 feet, and these 
same contours can be used to depict the 
position of the base of the gypsum if 140 
feet is added to them. Attention should 
be given to elevations of both the ground 
surface and the base of the gypsum dur· 
ing gypsum prospecting in this area. Dur· 
ing 1940 some drilling to locate gypsum 
was done without adequate elevation con· 
trol and without a knowledge of the posi
tion of the base of the gypsum; conse· 
quently some holes were started beneath 
the gypsum horizon, and others did not 
penetrate to it. 

The elevations for making the structural 
contour map are rather widely spaced; 
consequently the map is not as detailed 
as could be desired. The highest point 
on the base of the gypsum is in the vicinity 
of locality 6. The gypsum-bearing area as 

a whole may be structurally higher than 
the surrounding country, which may ex
plain the presence of gypsum in this area 
and its absence by solution in other areas. 
The structurally high areas might have 
been by-passed by most of the ground 
water which would tend to follow struc· 
turally low areas. 

A few elevations outside of Gillespie 
County have been obtained at the base 
of the Fredericksburg group, mostly by 
aneroid barometer. Generalized structural 
contours have been placed on figure 8 
showing the approximate elevation of the 
base of the Fredericksburg group. The 
position of these contours in Gillespie 
County is more nearly accurate, except 
that in a small area in the north-central 
portion of the county the basal Edwards 
contour minus 30 feet was used and al· 
lowance was not made for the thinning 
of the Comanche Peak limestone in this 
area. If gypsum remains only on struc
tural highs, then additional gypsum should 
be found in southwestern Gillespie County. 

ECONOMIC GEOLOGY 

The first gypsum was mined in Gillespie 
County during 1932 and 1933 at locality 3 
(fig. 9) by 0. L. Neyland, of San Antonio. 
Operations were then moved to locality 2 
along the Doss road. Only a rough esti· 
mate can be made of the amount of gypsum 
removed from the property, but it appears 
that 40 or 50 thousand tons may have been 
produced. The gypsum is mined by under· 
ground methods. The limestone above the 
gypsum is so thin that it is more economi· 
cal to place shafts about 150 feet apart 

Analyses of Kirschberg gypsum, Gillespie and Menard counties, Texas. 

Locality 
No. Landowner CaO 

Gillespie County: 
1 Emil Crenwelge ······················-··················-···············-······· 
2 Joseph Stehling - ·········································-······················· 
3 H. L. Keyser ··--··················································-··············· 
4 E. J. Wendel ---·····-···-······················-··········-················· 
5 Fritz Rummler -··················-··························-···················· 
6-A Otto Ketron --····························································-········· 
6-B Otto Ketron --··················-··························-············-······· 
7 Ernst Meier -··········-··········································-················· 
8 Ernst Meier ··---·················-······························-······-········ 
9 Reinhold Weber ·························································-········ 

10 Rudolf Oehler ····················-·········-·············-····- ················· 
11 Fred W. Welgehausen ......................... ·--····················- ······· 

Menard County: 
1 Chas. E. Speck - - ····--··--··-············---··--··--········· 

32.96% 
32.08 
32.64 
32.64 
32.64 
32.08 
32.64 
32.96 
32.64 
32.42 
32.96 
32.52 

32.88 

so, 

44.06% 
44.34 
46.04 
46.28 
44.08 
44.64 
45.70 
45.18 
46.36 
44.56 
46.16 
44.30 

46.98 

Insoluble 

·····---% 
0.11 
tr. 

tr. 
tr. 

0.20 
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and mine the gypsum tributary to each 
shaft. The width of gypsum mined is 
about 10 to 12 feet, with pillars 10 to 15 
feet square left to support the roof. 

For several months during 1940 Bart 
Moore, Jr., of San Antonio, produced gyp
sum from locality 6. The gypsum was 
mined by open-pit methods, and two pits 
about one-fourth of a mile apart were 
opened. So much solution of gypsum has 
taken place at this locality that only irregu
lar, isolated masses remain. 

Partial chemical analyses of 13 samples 
of the Kirschherg gypsum were made by 
R. M. Wheeler, twelve of the samples 
coming from Gillespie County and one 
from Menard County. These analyses are 
given on page 45, the locality numbers be
ing the same as those appearing in figure 9. 

These analyses are not complete, no 
attempt having been made to determine 
water and carbon dioxide. Insoluble resi
dues were determined on four of the 
samples, and on the rest an insufficient 
amount was present to warrant making 
determinations. Iron was absent or, if 
present, occurs only in very small traces. 

If the SO, is all allotted to the mineral 
gypsum, an excess of CaO remains. A 
small amount of effervescence, observed 
while dissolving the samples, indicates the 
presence of calcite. If the excess CaO is 
all allotted to calcite, then the mineral 
composition of the samples may he stated 
as follows: 

Calw lated mineral composition of Kirschberg 
gypsum. 

Locality 
No. Landowner Gypsum Calcite 

Gillespie County: 
1 Emil Crenwelge ·------------- 94.5% 
2 Joseph Stehling --------------- 95.2 
3 H. L. Keyser ------------------- 98.8 
4 E. J. Wendel ---------------- 99.3 
5 Fritz Rummler ----- --------- 94.6 
6-A Otto Ketron _____________ 95.8 
6-B Otto Ketron -------------------- 98.l 
7 Ernst Meier ---- ----------- 97.0 
8 Ernst Meier -------------- 99.6 
9 Reinhold Weber ______ 95.6 

10 Rudolf Oehler --------- 99.1 
11 Fred W. Welgehausen ___ 95.2 

Menard County: 
1 Chas. E. Speck ___________ lQ0.9 

4.1% 
2.0 
0.9 
0.6 
3.3 
1.8 
1.2 
2.6 
0.4 
2.4 
1.4 
2.5 

0.0 

The accuracy of such a mineral calcu
lation is not great since only a limited 
number of radicals are estimated, and the 
hydration of gypsum probably varies. The 
ground samples were examined under the 
microscope, and the predominant mineral 
in all is gypsum. Calcite is also invariably 
present in very small quantities. 

Gypsum is present over a rather wide 
area in Gillespie County and is now only 
a remnant of that which was once present. 
Numerous solution channels and caverns 
complicate the mining of the gypsum. The 
present work is not in sufficient detail to 
make tonnage estimates for the area as a 
whole. Considerable gypsum has been 
blocked out around the 0. L. Neyland 
mine, locality 2. The area including lo· 
calities 8 to 11 inclusive appears to be a 
favorable locality for prospecting. The 
surface rocks are not as disturbed as in 
many of the other localities, and a rela
tively thin layer of limestone covers the 
gypsum. Open-pit mining could be used 
to recover the gypsum. The ridge includ
ing localities 8 to 11 is in excess of three
fourths of a square mile in area. If gyp
sum is present under half of the area, and 
the average thickness of gypsum is con
servatively taken as 10 feet, then about 
7,500,000 tons of gypsum would be pres
ent. Without additional work, since the 
amount of solution which has taken place 
cannot he predicted, it would be unsafe 
to accept the above tonnage estimate. 

RESUME 

The Kirschherg evaporite in central 
Texas is situated within the Edwards lime· 
stone. The evaporite, so far as is known, 
consists of gypsum which has now been 
mostly removed by solution. The removal 
of the gypsum has allowed the overlying 
Edwards limestone beds to slump into 
various attitudes while the Edwards lime
stone beneath the gypsum is flat lying and 
undisturbed. The gypsum in Gillespie 
County has been produced for about eleven 
years. A large tonnage of gypsum remains 
in this area, and gypsum at the same 
horizon in Menard County may he quite 
extensive. Other, still undiscovered, gyp
sum deposits may he present at this 
horizon. 



GRINDING PEBBLE DEPOSITS OF WESTERN GULF COASTAL PLAIN 

OF TEXAS 

GEORGE A. PARKINSON1 AND VIRGIL E. BARNES2 

INTRODUCTION 

The first use of local flint pebbles for 
grinding, so far as is known, was in lab
oratories of The University of Texas. Mr. 
Parkinson collected the pebbles used for 
this purpose in about 1925 from gravels 
north of Austin, Travis County. About 
1939 Mr. Joe Darnell, who at that time 
contemplated the production of graphite 
?ear Llano, was about to purchase grind
mg pebbles from a foreign source. At 
the suggestion of the writers, he used the 
local flint pebbles from some of the 
near-by deposits. Parkinson at about this 
time became interested in determining the 
9uality of Texas flint pebbles for grind
mg. Tests which he made indicated that 
they compared favorably with those from 
a foreign source, and thereafter he con
centrated on trying to interest others in 
the development of a grinding pebble in
dustry in Texas. A paragraph about grind
ing pebbles, published in 1940,8 brought 
inquiries which led subsequently to pro
duction. In 1940 Mr. F. C. McGaughy, 
of San Antonio, in looking about for 
some natural resource which he could de
velop visited the University where Mr. 
Parkinson interested him in producing 
grinding pebbles. The partnership of Mc
Gaughy and Carter was formed, and after 
considerable testing and experimenting it 
was found that by milling the Texas peb
bles a product could be produced that 
equaled the foreign beach-rolled peb
bles. This company produced the first 
milled pebbles in Texas. In the mean· 
time some pebbles picked up at random 
from the surface and in pits had been 
shipped by Mr. Edwin Dezendorf of Aus
tin. Other producers of milled pebbles, 
who closely followed the work of Mc
Gaughy and Carter, are Philip S. Hoyt 
and Southern Products & Silica Company. 

1Bureau of Engineering Research . 
2 Bureau of Economic Geology , Parkinson initiated the 

testing and examination of grinding pebbl es in Te:r.as and 
through his efforts production of pebbles in Texas' waa 
;::!~~: The text of this paper has been written by 

8Sellard1, E. H. , and Barnes, V. E., Texas, in The 
South's materials for the country'e defense: Manufacturen 
llecord, vol. 109, no. 6, p. 33, 1940. 

Parkinson has examined many of the 
gravel deposits between Brazos and 
Nueces rivers, and Barnes accompanied 
him for three days (January 4-6, 1944) 
in a rapid reexamination of some of these 
deposits and also those from which grind
ing pebbles have been produced. Fortu
nately Deussen• has mapped the gravel 
deposits of this area. 

DESCRIPTION OF GRAVEL FORMATIONS 

The area discussed in this paper is 
crossed by several rivers which influence 
markedly the character of the gravels 
from one drainage basin to another. The 
Brazos and Colorado rivers head near the 
New Mexico line and cross many differ
ent rock types before they reach the 
coastal plain. Flint is abundant in the 
gravels deposited along these rivers, but 
many other types of pebbles are associ
ated with them. Colorado River espe
cially, since it cuts through the complex 
of older rocks of central Texas, has fur
nished an abundance of pebble types to 
the gravels. West of Colorado River all 
of the rivers are short, heading in the 
~dwards Plateau area of Cretaceous flinty 
limestone, and consequently their gravels 
are composed mostly of limestone and 
flint with the addition of some sandstone 
downstream as sandstone members of the 
Tertiary are crossed. 

The age of the gravel deposits varies 
widely from deposits now being formed 
along the rivers to old deposits situated 
on the divides between them. The char
acter of the gravel changes with age. 
That along the streams is a mixture of all 
pebble types derived from the areas 
crossed, while that remaining on the di
vides is composed mostly of pebbles which 
resist weathering. The short time spent 
by Barnes ~nd Parkinson in examining 
these deposits precludes any extensive 
statement about the area as a whole. 

Notes made during the January 4-6 ex
amination follow, starting with a descrip-

'Deussen, Alexander, Geology of the Coastal Plain of 
Texas west of Brazos River: U.S. Geol . Survey Prof. Paper 
126, 1924. (Reprinted, Bureau of Economic Geology, 1930,) 
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tion of the southwesternmost deposits and 
progressing to the northeast. Grinding 
pebbles are now being produced by H. B. 
Zachry Company from a gravel deposit 
between the highway and railroad just 
north of the underpass 3.3 miles north of 
Pearsall, Frio County (locality l, fig. 
11). The gravel is composed almost en
tirely of flint with a few brown sandstone 
pebbles and an occasional piece of petri
fied wood. The surface of the gravel is 
brown and unsightly but this is readily 
removed by milling. The milled pebbles 
are a fresh clean gray on the exterior, and 
on broken surfaces range from a rough 
porcelain-white to a translucent fiint
brown. The pebbles range in size from 
less than an inch to almost a foot with a 
large proportion of the material ranging 
between 2 and 6 inches in size. The peb
bles range in shape from perfect ovals to 
fiat and angular pieces with the prepon
derance of the material being in shapes 
which when milled furnish well-shaped 
pebbles. From 5 to 10 acres of pebbl~s 
in a deposit ranging up to 6 or 8 feet m 
thickness is present at this locality. Other 
deposits are exposed in highway cuts on 
hills to the north, and many ridges both 
to the west and east appear to be capped 
by gravel deposits. Some of the deposits 
exposed in the highway and railroad cuts 
are limy conglomerates which are not 
well suited to the production of grinding 
pebbles. 

Undoubtedly large deposits of practi
cally pure flint exist in the divide gravels 
of Frio, Medina, Uvalde, and Zavala 
counties. One such deposit is pictured by 
Deussen• 61/2 miles west of Batesville, 
Zavala County. 

A large abandoned gravel pit located 
1 mile east of Schirmerville, Bexar 
County, on the highway between San An
tonio and Seguin occupies the western 
edge of a high gravel ridge about 1 mile 
wide. The gravel is composed of flint and 
limestone pebbles, many of the latter of 
which have decomposed forming a caliche
like cement for those which remain. The 
flint pebbles are rounded to angular and 
mostly less than 4 inches in size. The ~e
posit contains some flints of good quality 
for grinding, but limy conglomerates of 
this type would be expensive to handle 

5Jd~m. Pl. XX.XI, facing p. 107. 

and the percentage of desirable pebbles 
is low. 

Flint gravel is continuously exposed in 
road cuts for a distance of 6 miles be
tween Kingsbury and Darst oil field, 
Guadalupe County. These are divide 
gravels in which the limestone has been 
removed leaving a practically pure flint 
gravel contaminated by a small amount 
of petrified wood and hard brown sand
stone. The pebbles range from well 
rounded to angular with many which are 
fiat. They are mostly in the size range 
from 1 to 4 inches and should furnish 
good quality pebbles if milled. 

A road material pit in the northeast 
quadrant of the highway intersection at 
Belmont, Gonzales County, is in an inter
mediate terrace of Guadalupe River. 
Lenticular gravel lenses composed pre
dominantly of flint and limestone con
tain in addition pebbles of quartz, which 
indicates that divide gravels deposited by 
Colorado River are accessible to this 
reach of Guadalupe River. Many well
rounded flint pebbles suitable for grind
ing are present, but mixed deposits of 
this type cannot be reco=ended as an 
economical source for grinding pebbles. 

Grinding pebbles are being processed 
by Southern Products & Silica Company, 
2 miles west of Columbus, from gravels 
obtained at Columbus, Colorado County 
(locality 2, fig. 11), and from near Hal
sted, Fayette County (locality 3, fig. 11). 
The flint pebbles obtained at Columbus 
are from the low river terrace upon which 
that town is situated. The oversize mate
rial which is stock piled from the Horton 
and Horton pits is being sorted for suit
able grinding pebbles. The oversize ma
terial is composed predominantly of flint 
and limestone pebbles with considerable 
quartz and other pebbles from central 
Texas. The stock-piled material ranges 
from about Ph to 6 inches in size with 
only a small proportion of the flint peb
bles being of desirable shape. 

The deposit from which grinding peb
bles are obtained in Fayette County is 
located along the highway 1 mile south
east of Halsted. The deposit is a high 
terrace gravel containing a large percent
age of flint, many pebbles of which are 
well rounded and range up to 4 inches 
in size. This deposit has only recently 
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Fig. 11. Gravel deposits of the Coastal Plain of Texas, between Brazos and Nueces rivers. 
Adapted from Plate VIII of U. S. Geological Survey Professional Paper 126, 1923, by Alexander 
Deussen. 

been opened, and about 5 feet of gravel 
without overburden is exposed in the 
small pit located at the edge of the de
posit. A total thickness of 10 feet of 
gravel is about the maximum that will 
be present in this deposit. Many other 
hills in this area are capped by similar 
gravel deposits, and much high terrace 
gravel is exposed in road cuts and pits 
between Halsted and Columbus. An aban-

doned pit south of the railroad just west 
of Halsted contains an abundance of flint 
pebbles up to 6 inches in size. These 
gravels contain the usual central Texas 
contamination common to the Colorado 
drainage basin. 

The first terrace above the Colorado 
River bottoms upon which Utley, Bastrop 
County, is located contains a large amount 
of gravel. A pit about one-half mile 
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southeast of Utley exposes the gravel, 
which here is largely limestone and hard 
materials such as quartz from central 
Texas. Many large well-shaped flint peb· 
hies are in the deposit but their percent
age of the whole is small. 

Much gravel has been excavated 3 miles 
west of Bastrop and along the south side 
of the highway. The amount of well
rounded flint pebbles seems to he some
what greater than at Utley and the peb
bles are also somewhat larger. The high
way from this pit toward Austin, and 
almost to the Travis County line, tra
verses a post oak flat covered with gravel. 
The gravel contains many well-rounded 
flint pebbles which, however, are only a 
small percentage of the total pebbles 
present. 

A pit from which much gravel has been 
removed is located 2% miles airline 
northeast of Paige, Bastrop County. All 
of the oversize gravel has been neatly 
stacked in piles and a great quantity is 
present. The gravel contains a high per
centage of flint, part of which is well 
rounded. The deposit is a divide gravel 
which contains some pebbles suggestive 
of the Colorado drainage and others which 
may be from the Brazos drainage. 

A road material pit is located in gravel 
on a ridge in the west quadrant of the 
highway intersection l 1h miles northeast of 
Lincoln, Lee County. The gravel is largely 
flint and a considerable amount is well 
rounded. Pebbles of quartz, basanite, and 
petrified wood are common. 

A small deposit of well-rounded flint 
pebbles associated with quartz and other 
pebbles resistant to weathering is located 
on the Lee-Fayette County line just west 
of the highway leading south from Gid
dings. 

An extensive gravel operation has been 
carried on in the past along the highway 
2 miles east of Ledbetter, Fayette County. 
The gravel deposit is thin, seldom being 
more than 3 feet thick. Pits extend for 
2 miles along both sides of a side road 
leading southeastward, and the distance 
that the workings extend normal to the 
road was not ascertained. The gravel is 
composed predominantly of flint, much 
of which is well rounded, and it also 
contains quartz, petrified wood, and other 
siliceous pebbles. The pebbles mostly 

range up to 4 inches in size with a few 
somewhat larger, but none were seen 
which approximate the upper size (3 inches 
to 3 feet) mentioned by Deussen (p. 112) 
as occurring 2 or 3 miles east of Led
better. 

Deussen6 has described many of the 
deposits, and his descriptions of certain of 
these deposits are reprinted in this present 
paper. The part of Deussen's map show
ing the location of gravel deposits is also 
reproduced as figure 11. The divide 
gravels which Deussen calls the "upstream 
facies of the Reynosa formation" (Uvalde 
formation) will be the first described. 

Stratigraphic position.-These upstream Rey
nosa deposits lie unconformahly on beds rang
ing in age from Upper Cretaceous to middle 
Pliocene. They are in general not covered by 
later deposits. Their stratigraphic position is 
probably at the top of the Pliocene. 

Litlwlogy.-Gravel is the characteristic ma· 
terial of these upstream Reynosa deposits. The 
pehhle5 of the gravel range in diameter from 
1 inch to 5 and 6 inches ; the smaller cobbles 
are usually well rounded, hut most of the 
larger fragments are angular, though their edges 
are slightly rounded. The composition of the 
gravel is variable. In the Guadalupe and 
Nueces drainage basins it consists largely of 
brown, gray, and black flint, and at many 
places it is cemented with lime to form a con
glomerate. At other places, however, the lime 
may he lacking. In the Brazos, Colorado, and 
Rio Grande drainage basins and in a part of the 
Guadalupt: basin the pebbles consist largely of 
quartz, flint, jasper, chert, orthoclase granite, and 
silicified wood. 

Source of material.-The greater part of the 
material that composes the upstream deposits 
was derived from the Lower Cretaceous lime
stones of the Plateau region of Texas, the flints 
coming from the Edwards limestone. The 
plateau country has been subjected to great 
erosion since the time of its uplift, and these 
upstream deposits represent a part of the eroded 
material transported to lower ground. The 
original debris included limestone and flint 
gravel. Much of the limestone gravel has 
been removed by solution, and the lime cement 
of the conglomerate is derived from the solu
tion of the limestone gravel. Probably some of 
the gravel referred to in these deposits has been 
shifted, reworked, and sorted a number of times. 
Some of the material, especially that in the 
BrazO!>, Colorado, and Rio Grande drainage 

·basins, may have come originally from the 
Cordilleran region of New Mexico and Colorado 
and the Wichita Mountains of Oklahoma. 

Thickness and dip.-The thickness of these 
deposits ranges from a few inches to 100 feet or 
more. The dip is that of the general slope of the 
ancient plain upon which it was deposited and 

80p. cit., pp. 111-113. 
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ranges from 2 to 10 feet to the mile toward the 
wutheast. 

Areal extent.-The formation crops out in 
isolated bodies, ranging in width from a few 
yards to ten miles or more, on the high divides 
of Kinney, Maverick, Dimmit, Webb, Uvalde, 
Zavala, La Salle, Medina, Frio, McMullen, Bexar, 
Atascosa, Live Oak, Wilson, Karnes, Guadalupe, 
Gonzales, DeWitt, Comal, Hays, Caldwell, Lavaca, 
Travis, Bastrop, Fayette, Colorado, Williamson, 
Lee, Washington, Bell, Milam, Burleson, 
McLennan, and Falls counties. [See fig. 11.] 

Details of occurrence.-A heavy veneer of sub
rounded flint cobbles tbat average 2 or 3 inches 
in diameter form a thick veneer on the prairie 
at Daffan, 5 miles southwest of Manor, in Travis 
County, at an elevation of 600 feet. 

Flint gravel also appears in the vicinity of 
Littig, Travis County, at an elevation of about 
464 feet. 

A thin coat of flint and chert pebbles forms 
the surface 4 miles southeast of McDade, Bas
trop County, and similar material can be seen 
3 miles to the east at an elevation of 545 feet. 

Cobbles of flint, limestone, and jasper, the 
largest 2 inches in diameter, form the surface 
between Paige and Giddings (elevation, 514 
feet). Similar materials form the surface of 
most of the high ground in Lee County. The 
cobbles consist of flint, jasper, some orthoclase, 
and silicified wood. 

Gravel consisting of rounded cobbles of flint, 
quartz, jasper, orthoclase, and silicified wood and 
ranging in diameter from 3 inches to 3 feet 
occurs 2 to 3 miles east of Ledbetter. The 
elevation at this place is 443 feet. 

A thin veneer of gravel also appears a mile or 
two west of Carmine, Fayette County. 

All the gravel beds here described occupy 
the divide between Brazos and Colorado rivers. 

Large subangular masses of flint, the largest 
5 inches in diameter, are strewn on the ground 
at Manchaca, Travis County, at an elevation of 
697 feet. 

An extensive body of flint gravel appears about 
Creedmore, in the southern part of Travis County, 
at an elevation of 725 feet. Flint gravel appears 
also at the surface 4 miles west of Dale, Caldwell 
County, at an elevation of about 520 feet. 

A veneer of flint gravel forms the surface of 
the prairie 2 miles northeast of Hunter, in Hays 
County, at an elevation of 708 feet. F1int gravel 
is also exposed in the vicinity of Kingsbury, 
Guadalupe County, at an elevation of 620 feet. 

Brown flint cobbles, 2 to 3 inches in diameter, 
form a veneer on the prairie along the Inter· 
national & Great Northern Railway from a point 
2 miles to a point 6 miles northeast of Bracken, 
Comal County. A similar bed occurs 9 miles 
northeast of Bracken. 

F1int cobbles are strewn over the surface at 
Marion and vicinity, in Guadalupe County, at 
an elevation of 644 feet. 

A bed of flint gravel 2 or 3 feet thick covers 
the hill on the International & Great Narthern 
Railway 31h miles southwest of Bracken at an 
elevation of 956 feet. 

Flint gravel forms the surface 2 miles south
west of Converse, in Bexar County, at an eleva· 
tion of 770 feet. 

The divide between San Antonio River and 
Salado Creek is covered with a limy conglom
erate and marl from 2 to 15 feet thick, which 
may be seen at the corner of South Palmetto 
Aven.ue and Dakota Street, about 2 miles east 
of the courthouse at San Antonio. 

A quarter of a mile east-southeast of this 
p~ace the deposits show black clay soil in which 
~mt cobbles . are embedded, 4 to 5 feet of 
mdurated white marl containing a few flint 
c.obbles and pebbles, 4 to 6 feet of flint and 
limestone. gravel embedded in a yellow limy 
clay matnx. The gravel rests unconformably on 
the Midway formation. 

On the divide between San Antonio River and 
Sal~do ~reek, l 'h miles northeast of Bergs 
s~at1on, 1n_ Bexar County, the Reynosa forma
tion . contams 10 feet of conglomerate consisting 
of flm.t pebbles and cobbles cemented with lime, 
overlymg u!'conformably the Indio formation. 

Brown flmt gravel occurs on the divide be
tween .Leo~ Cr~k and Medina River on the San 
Ant~mo-~no City road 2 miles west of Leon 
Statu>n, m Bexar County, at an elevation of 725 
feet. 

The hill at the cemetery a quarter of a mile 
west of <::astr?vil.Ie is capped with 20 feet of 
~ave!, wh1c~ m its lower part is cemented with 
hme mto a hmy conglomerate. The cobbles and 
pebbles, which consist of flint and limestone 
range fro~ half an .inch to 4 inches in diameter'. 
The _elevation of this hill is 921 feet. 

F1mt gravel covers the prairie 2 miles south 
of Lacoste, Medina County. 

A . thick bed of flint gravel, brown on the 
exterior, covers the divide between La Parita 
and Atascosa creeks, 4 miles east of Christine in 
the southern part of ~tascosa County, and ~lso 
the top of Opossum H11l, l 'h miles southwest of 
Crowther, McMullen County. The elevation of 
this .outcrop is about 440 feet. 
~lmt gravel, which i~ in places cemented into 

a hme conglomerate, forms much of the divide 
between Seco <::reek and Sabinal River, on the 
Galveston, Ramsburg & San Antonio Railway at 
an elevation of about 1000 feet. 

An extensive bed of loose flint cobbles at the 
surface, grading downward into a limy con
~lomerate made up of flint cobbles cemented with 
hme, covers the divide between Black Creek and 
Hondo Cree~, north of Pearsall, in Frio County, 
at an elevat10n of 780 feet. A similar bed of 
flint gravel occupies the northwestern part of 
McMullen County. 

East of Tilden, on the Tilden-Oakville road 
large subangular and rounded cobbles of flini 
in considerable number cover the prairie. The 
elevation of the high point is 480 feet. 

The gravel of these Reynosa beds occurs south 
of Uvaldt;, _in the southern part of Uvalde County, 
on the d1v1de between Leona and Nueces rivers 
at an elevation of 900 to 977 feet. ' 

Similar material occupies the high divide be
tween Leona and Nueces rivers, 61h miles west 
of Batesville, Zavala County. The elevation is 
approximately 786 feet. 

Limy conglomerate of the Reynosa caps the 
plateau half a mile N. 20° E. of the courthouse 
at Carrizo Springs, Dimmit County. Reynosa 
gravel occupies the divide between Leona and 
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Nueces rivers 3¥;, miles west of Loma Vista, 
Zavala County, at an elevation of ab<>ut 620 feet. 
Similar material e<>vers the divide between Nueces 
River and Ri<> Grande on the International & 
Great Northern Railway, 13 to 18 miles n<>rth 
of Laredo. Fmm 2 t<> 8 feet of gravel consisting 
of flint, chert, jasper, orthoclase, quartz, etc., and 
a considerable admixture <>f lime and sand is 
exposed at an elevation of appmximately 720 
feet. 

Deussen recognizes six terrace levels 
along Brazos River ranging to 220 feet 
above the bed of the river. In addition he 
states (p. 121) : 

The Uvalde terrace <>r dissected plain is about 
310 feet above the bed <>f the Brazos River. .Ai5 
it is very much older than the <>ther terraces 
it has been elevated t<> a higher position and con
sequently has been S<> c<>mple~ely diSS<?c~ed that 
it is preserved only on the prmc1~al dmdes. It 
was <>riginally largely c<>vered with gravel and 
cobbles, but these are now mostly removed by 
emsion. It was recognized at Hewitt near 
Waco, at Milano, at Giddings, and 1 mile S<>uth 
of Gay Hill. 

The terraces on Colorado River are de
scribed by Deussen (pp. 121-122) as 
follows: 

The terraces afong Colorado River . . • range 
in height from 16 to 280 feet, and the higher 
ones are present only on the inner part of the 
Coastal Plain. They are c<>vered with similar 
materials derived fr<>m the erosion of the rocks 
higher up the stream or higher on the sides 
of the valley. 

The lowest and youngest terrace ranges in 
height above the bed of the river from 16 to 28 
feet. It represents the work <>f the immediate 
predecessor of the present Colorado River, and 
the materials deposited on the flats are generally 
red silts and sand. This terrace may be seen at 
a number of places about Austin; at Webberville, 
on the n<>rtheast side of the river; at Goodman, 
where it has a width <>f 1 mile; at Hemphill 
Bend; at Smithville; at West Point; at La 
Grange·; near Ellinger, on the John Petty league, 
1 mile above the mouth of Petty's Creek; at 
Columbus; at Altair; on the northeast side <>f 
the river at Garwood; at Wharton; and on the 
southwest side of the river at Buckeye. 

Terrace No. 2 ranges from 24 to 45 feet 
above the bed of the river, the common pe>sition 
being from 40 to 45 feet. It is c<>mp<>sed of 
red sandy clay or alluvium on a foundation of 
!(ravel, made up of pebbles of limestone, quartz, 
flint, chert, jasper, granite, etc. This terrace has 
been described by Hill' as the "Depot" terrace 
of Colorado River. 

Terrace No. 2 is well marked at Austin, 
particularly in the southeastern part of the city; 
between M<>ntopolis and Stones Ford on the 
south side of the river; 1 % miles east of 

'l'ffill, R. T., Geography and geology of the Black and 
Grand prairies, Texas : U.S. Geol. Survey 21st Ann, Rept., 
pt. 7. p. 352, 1901. 

Delvalle; at Webberville; in the vicinity of 
Goodman, where it is 1 ¥;, miles wide and known 
as the Hemphill Prairie; at Bastr<>p, where it 
constitutes the principal part of the valley 
bottom; at Smithville; at West Point; at La 
Grange; at Ellinger; at Columbus; at Altair; 
at Garwood; at Wharton, Pierce, and El Campo, 
which are built upon it; and at Buckeye, where 
it forms the divide west <>f the t<>wn and is 
composed of blue, red-weathering clay with lime 
nodules. 

Terrace No. 3 ranges in height above the bed 
of the river fmm 52 feet in the lower part of the 
Coastal Plain to 75 feet near its inner margin. 
The terrace is comp<>sed principally of gravel, 
the pebbles of which are made up of quartz, 
feldspar, jasper, granite, chert, etc. These have 
been derived probably from the pre-Cambrian 
schists, gneisses, and granites of Llano and 
Burnet counties. 

It is well exposed at the Confederate Home 
in the southwest part of Austin; on the Bastmp
Paige road, about 1 mile east of the wagon 
bridge at Bastrop; 1 mile west of Smithville; 
at West Point in a narrow flat south of the 
Missouri, Kansas & Texas Railway station; at 
La Grange, at the cemetery east of the Southern 
Pacific Railway station; at Columbus, which is 
largely built upon its flat; at Alleyton; and at 
Altair. 

Terrace No. 4 ranges in height above the bed 
of the river from 77 feet near the Gulf to 100 
feet near the inner margin of the Coastal Plain. 
It is composed of materials similar to th<>se 
covering the flat of terrace No. 3, and they have 
probably a common source ·of origin and a 
similar history. The terrace is well developed in 
Austin, the State capitol being situated upon it. 
On acc<>unt of this association it has been de
scribed by Hill and Vaughan• as the "Capit<>l" 
terrace. It is notable at Powell Bend, 4 miles 
northwest of Bastrop; 2 miles n<>rthwest &f 
Smithville; at La Grange, where it is marked 
by the standpipe of the city waterworks; at 
Ellinger, where it constitutes an extensive gravel
covered flat; at Glidden, 3 miles west of 
Columbus; and at Altair, which is built upon 
its flat. 

Terrace No. 5 is not generally well repre· 
sented <>n Col<>rado River; having been identified 
at <>nly three places. It ranges in height ah<>ve 
the bed of the river from 97 feet at Altair te> 
150 feet at Austin. It is generally comp<>sed of 
gravel similar to that which may be found on 
terraces Nos. 3 or 4. It is identified at Austin 
as the flat 2 blocks north of the university 
campus; near Columbus as the flat 1 mile .west 
of Ramsay; and at Altair, where it forms the 
higher divides. 
. Terrace No. 6 has been more widely identified 
m the n<>rthwestern part of the Coastal Plain at 
heights above the river bed ranging from 160 
to 190 feet. It is composed of coarse materials 
similar to those described for some of the ad
jacent terraces. At Austin it is represented by 

8Hill , R. T., and Vaughan, T. W., Geology of the 
Edwards Plateau and the Rio Grande plain adjacent to 
Austin and San Antonio, Texas, with reference to the oc· 

~U:~~nR~P~-~ ;t~d~:gr;.u~~9.w~~ig~= U.S. Geol. Survey 18th 
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the extensive fiat at the State Insane Asylum 
and for that reason was called by Hill and 
Vaughan• the Asylum terrace. It has been 
identified at Bastrop, where it is represented by 
the extensive fiat east of the town, extending 
from Schaefer Hill to Red Bluff; at Smithville, 
where it is represented by an extensive flat 
north of the town; at West Point, by a fiat 
3 miles southwest of the town; and at La Grange, 
by a flat 6 miles north of the town. 

The Uvalde terrace is generally present where 
the country is high enough for it to have been 
formed. It ranges in height above the bed of 
the river from 220 to 280 feet and is capped by 
material already described as the upstream facies 
of the Reynosa formation. It is present at 
Austin at a height of 250 feet above the river; 
at Webberville, 3 miles north of town, at 280 
feet; 2 miles west of Paige; at Giddings; 1 
mile south of Flatonia; 1 mile northeast of 
Ledbetter; at Fayetteville; and at Weimar. 

The terraces of Guadalupe River are de
scribed by Deussen (pp. 123-124) as 
follows: 

Terrace No. 1 is composed of grayish-brown 
oandy loam or yellow calcareous loam and lies 
from 30 to 40 feet above the bed of the river. 
This terrace has been identified at Seguin and 
also at a place 10 miles east of Seguin; at the 
bridge 3 miles west of Cuero; at Victoria, the 
courthouse being built upon its fiat; and on the 
northeast side of the river at Bloomington. 

Terrace No. 2 is composed of gray calcareous 
clay resting on a pavement of limestone and 
flint pebbles. It lies from 43 to 55 feet above 
the bed of the river. It was noted at the 
following localities: At New Braunfels it is 
represented by a flat on either side of the river 
upon which the major portion of the town is 
built; at the bridge south of Seguin; at Gonzales, 
thee south part of the town being built upon its 
flat; at Cuero it is represented by wide flats, 
the west part of the town being situated upon 
it; 10 miles southeast of Cuero; 3 miles north 
of Victoria; and at Bloomington and Placedo, 
where it forms the main divide between Guada
lupe River and Arenoso Creek. 

Terrace No. 4 is composed of coarse ma
terial cemented by lime, and it lies from 60 to 
95 feet above the bed of the river. It has been 
identified at New Braunfels at 79 feet; at 
Seguin at about 60 feet; at Gonzales at 65 feet; 
and at Cuero, 1 mile east of the town, at 95 
feet above the bed of the river. 

Uyalde terrace is composed of flint cobbles 
and lies from 149 to 245 feet above the bed 
of the river. It has been identified near New 
Braunfels on the divide between Guadalupe 
River and York Creek; at Marion; 1 mile west 
of Kingsbury; 6 miles south of Smiley; in the 
vicinity of Edgar; and 3 miles northeast of 
Yorktown. 

The terraces of Nueces River are de
scribed by Deussen (pp. 124.-125) as fol
lows: 

9Jdem. 

Terrace No. 1 lies from 20 to 45 feet above 
the bed of the river and consists of gray to drab 
silt resting on a bed of gravel. This terrace was 
noted 7 miles west of Uvalde; at Pulliam and 
La Pryor at a height of 30 feet; at Cotulla at 
20 feet; at Shiner's ranch at 35 feet; at 
Mikeska at 45 feet; and at Sandia at 110 feet. 

Terrace No. 2 lies from 30 to 65 feet above 
the bed of the river and is composed of much 
the same sort of material as terrace No. 1. It 
was noted 7 miles west of Uvalde at a height 
above the bed of the stream of 65 feet; l 
mile below the bridge of the San Antonio, Uvalde 
& Gulf Railway at 50 feet; at La Pryor at 45 
feet; at Cotulla at 30 to 35 feet; at Shiner's 
ranch at 65 feet; and at Mikeska at 65 feet. 

The Uvalde terrace lies from 120 to 240 feet 
above the river bed and is generally composed 
of flint gravel cemented into a lime conglomerate 
in places. 

It is well represented at the old Tom Nunn 
ranch, 7 miles west of Uvalde, at a height of 
200 feet; at Pulliam, at 190 feet; on the divide 
between Leona and Nueces rivers, where it is 
crossed by the Batesville-Eagle Pass road, 61h 
miles west of Batesville, at 120 feet; on a small 
hill 31h miles west of Loma Vista, Zavala County, 
at a height of 130 feet; at Carrizo Springs on 
the International & Great Northern Railway, 13 
to 18 miles north of Laredo, at a height of 
more than 220 feet; and on the Tilden-Oakville 
road, about 714 miles east of Tilden, at a height 
of 240 feet. 

PROCESSING OF GRINDING PEBBLES 

McGaughy and Carter are the original 
processors of the Texas flint pebbles. They 
noticed that many of the Texas flint 
pebbles have a thin coating of soft ma
terial surrounding them which leads to a 
rapid initial loss in weight when the 
pebbles are first introduced into a grind
ing circuit. Foreign flint pebbles imported 
for use do not have this coating since 
they are mostly recovered from beaches 
where wave action rolling the pebbles 
about has removed any softer materials. 
Furthermore some of the pebbles which 
have long lain in deposits subject to 
weathering and others at the surface which 
have been subject to heating by fire have 
developed incipient cracks which cause 
them to break under the impact of grind
ing. In processing, both soft coatings 
and weak pebbles are removed, leaving a 
product which is of the same grade as the 
foreign wave-processed pebbles. 

McGaughy and Carter sold their 
processing plant to another firm, but re
cently H. B. Zachry Company bought it 
and placed McGaughy in charge of opera
tions. The plant is now located at the 
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H. B. Zachry Company headquarters near 
the south edge of San Antonio. Pebbles 
are shipped by rail from the deposit north 
of Pearsall from large stock piles of 
pebbles screened to size. The pebbles at 
the processing plant are tumbled wet in a 
conical flint-lined pebble mill until clean 
and rounded. The pebbles pass over a 
sorting belt where broken flint pebbles and 
foreign material are removed by hand. 
The flint liner in the mill was obtained 
from G. A. Parkinson's ranch west of 
Austin, in Travis County. Other deposits 
of flint which could be used as mill liners 
are undoubtedly present in the Edwards 
limestone of central Texas. 

The processing plant of the Southern 
Products & Silica Company is located just 
north of the railroad 2 miles west of 
Columbus. The pebbles are processed 
dry in a granite-lined cylinder which holds 
a 5-ton charge of pebbles. A collector is 
used to draw off the dust and fine silica 
particles. The pebbles are processed for 
about 31h hours, passed over a screen de
signed to remove flat pebbles, and then 
hand sorted on a moving belt. The 
pebbles for the mill are in part obtained 
from the Horton and Horton pits at the 
southwest edge of Columbus. Oversize 
material stock piled from the gravel op
erations is passed over a belt and suitable 
pebbles are hand picked. The percentage 
of desirable flint pebbles contained in the 
stock pile is very small, making this a 
rather expensive operation. The flint 
pebbles obtained from near Halsted are 
hand picked from the conveyor belt of a 

firm primarily interested in producing 
gravel. 

The fine material produced during the 
processing of the flint pebbles is predom
inantly finely divided silica which should 
be of some value as an abrasive. If a 
market could be found for this material 
it would be advantageous to dispose of 
it even just for the cost of handling it. 

CONCLUSIONS 

Large deposits of almost pure flint ex
ist in the divide areas west of Guadalupe 
River which are ideally suited for the pro· 
duction of grinding pebbles. The divide 
gravels of Colorado and Brazos rivers con
tain abundant flint, but many other 
siliceous pebbles are associated with them, 
reducing somewhat their desirability as 
grinding pebble deposits. The river ter
races throughout the area contain pro
gressively more rounded flint as the de
posits become older, but in general all 
of the river terraces contain too wide an 
assemblage of other pebbles to make it 
feasible to produce grinding pebbles from 
them under normal conditions. 

If the production of grinding pebbles is 
combined with an operation to produce 
gravel for other purposes, then the chance 
for successful competition with foreign 
pebbles in the post-war period will be 
better. The pebbles now being processed 
in Texas are of as good quality as those 
from foreign sources, and to retain this 
industry in Texas it will be necessary to 
maintain quality and costs at the proper 
levels. 



SOAPSTONE AND SERPENTINE IN THE CENTRAL MINERAL REGION 
OF TEXAS 

VIRGIL E. BARNES 

INTRODUCTION 

Soapstone and serpentine are found in 
pre-Cambrian rocks mostly in Gillespie, 
Llano, and Blanco counties of the south· 
eastern part of the Central Mineral region 
of Texas. Field work for a geologic map 
of Gillespie County was completed in 
1941, aerial photographs being used for a 
base. Since the scale of the photographs 
was too small to show all of the numerous 
soapstone deposits, it was decided to map 
the main soapstone area with plane table 
and alidade. Under the supervision of 
R. W. Mathis, a unit (W.P. 18926) of a 

Work Projects Administration project on 
mineral resources was used for this pur
pose during 1942. The other soapstone 
areas described were mapped during 1942 
and 1943, and the writer was assisted dur· 
ing those years by Lincoln Warren. The 
maps and figures for this paper have been 
drafted by Mrs. Frances Brock Turley. Fig
ure 12 is an index map showing the loca
tion of the various soapstone and serpen
tine areas which are mapped in detail. 
This index map also shows the location of 
feldspar-bearing areas which have been 
mapped and described on pages 93-104. 

Fig. 12. Index map of soapstone, serpentine, and feldspar areas of eastern Llano uplift, Texas. 
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STRATIGRAPHY 

VALLEY SPRING GNEISS, PACKSADDLE SCHIST, AND 

IGNEOUS GROUPS DEFINED BY PAIGE 

The areas mapped are entirely within a 
complex of pre-Cambrian rocks. Paige1 

has named several divisions of the pre
Cambrian of the Central Mineral region 
as follows: 

Valley Spring gneiss.-The Valley Spring gneiss 
is dominantly light colored and pinkish toned and 
comprises feldspathic and quartzitic schists, 
quartzites, wollastonite bands, granular acidic 
gneisses, and rare amphibolitic portions. 

Packsaddle schist.-The dark colored series of 
metamorphic rocks is named the Packsaddle 
schist from Packsaddle Mountain . . . at the 
base of which the rocks are well exposed. The 
name was first used by T. D. Comstock for the 
same rocks hut is redefined and limited strictly 
in usage according to geologic principles as now 
understood to include mica, amphibole, and 
graphitic schists and crystalline limestones. As 
a whole the schists are characterized hy an excel
lent cleavage, which in main coincides with the 
original bedding of the sediments of which they 
are the metamorphosed equivalents. 

Felsite, diorite, gabbro, and serpentine.-The 
dark intrusive rocks are abundant in the south
east corner of the Llano quadrangle ... . A con
siderable mass of gabbro was observed in the 
vicinity of Goldmine Creek, north of the Moss 
ranch, and . . . some of the amphibolites in
cluded with the Packsaddle schist may represent 
old intrusives of gabbroic or diabasic type. In 
the area south of Click, especially, there are 
several bodies of very dark green to black am
phibolite, probably from a gabbro or diorite 
magma. The talc deposits in this vicinity are 
presumably alteration products of such rocks. 
The serpentine rocks of Oxford are probably de
rived from peridotitic magmas. 

Two dark aphanitic dikes which cut the schists 
and which are apparently rather basic, proved to 
be felsites, one a spherulitic mica felsite, the 
other a hornblende-mica felsite. The hornblende 
of the latter rock showed a bluish pleochroism 
parallel to the C axis, suggestive of a soda am
phibole. Hornblende-soda granite forms a small 
intrusive mass a short distance east of Click. 

The rocks of this group were intruded earlier 
than the granites, but, though it is possible that 
those varieties of the granites which show evi
dence of pressure and metamorphism may be of 
nearly the same age, no relations were observed 
that might establish this point. 

Granite.-The granite is invariably intrusive. 
It cuts the Valley Spring and Packsaddle forma
tions in large and small masses, in dikes and sills, 
and, in the form of pegmatite, in both minute 

1Paigc, Sidney, Description of thr. Llano and Burnet 
quadrangles: U.S. Geol. Survey Geol. Atlas, Llano-Burnet 
Folio (No. 183), pp. 3-5, 1912. 

veinlets and huge dikes and sheets. It is present 
nearly everywhere in the pre-Cambrian area. 

Three types of granite have been separately 
mapped-a very coarse grained rock, a medium 
to fine grained granite including some coarse
grained varieties, and an opaline quartz porphyry. 

BIG BRANCH GNEISS 

In addition to the above divisions de
fined by Paige, a gneiss of igneous origin 
is the predominant rock of the pre
Cambrian of northeastern Gillespie 
County and northwestern Blanco County. 
This gneiss is designated the Big Branch 
gneiss and is named from Big Branch of 
Coal Creek which is the most prominent 
feature of the area. Since this gneiss has 
not been previously described, its chief 
characteristics are here given. 

The Big Branch gneiss is predominantly 
medium to dark gray, medium to fine 
grained, and of a quartz diorite composi
tion. Foliation is well developed and 
lineation pitches steeply in a direction 
about S. 10° E. The Big Branch gneiss 
intruded the Packsaddle schist and Valley 
Spring gneiss. Swarms of inclusions, 
mostly of Packsaddle schist, arranged 
parallel to the foliation are numerous. 
The granites of the area and their pegma
tites and aplites intruded the Big Branch 
gneiss. The large serpentine mass of the 
area contains inclusions of Big Branch 
gneiss and consequently is younger. The 
age relation of the serpentine and granite 
has not been definitely determined. 

A sample of Big Branch gneiss collected 
from the Alfred Davis property along 
the road north of soapstone locality 
No. 27 of figure 13 (in pocket) where 
a large boulder had been blasted in 
making a road has been analyzed in 
the Minnesota Rock Analysis Laboratory, 
Minneapolis. The Fe20 3 , FeO, C02 , TiO,, 
P 20" F, and Mn 0 determinations are by 
R. B. Ellestad, the rest of the determina
tions by G. Kahan. The chemical analysis 
of the sample, No. 86T-l-SD,2 and the 
normative mineral composition as cal
culated from the analysis are as follows: 

2A syetem of locality numbers is used in which the first 
number and l etter designate the county and state. 86T is 
Gillespie County, Texas. and the others used in this paper 
are 16T, Blanco County, and 149T, Llano County. The re· 
mainder of the l ocality number designates individual aerial 
photogTaphs and the letter indicates -the locality within the 
photographs. 
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Analysis of sample of Big Branch gneiss, 
Gillespie County, Texas. 

Chemical 
analysis 

Per cent 
SiO, __ 64.37 
AI,Oa _ 18.14 
Fe,Oa _ 1.05 
FeO ____ 2.49 
MgO _ 1.90 
CaO _____ 5.65 
Na,O _ 4.54 
K,O ___ 1.00 
H,O+ __ 0.40 
H,O- __ 0.02 
co, ----- 0.02 
TiO, ____ 0.44 
P,o, _ 0.13 
F _________ 0.03 
s -------- 0.02 
MnO __ 0.04 
BaO _____ 0.04 

100.28 
LessO= 

F _____ 0.02 

100.26 

Normative mineral 
composition 

Percent 
Quartz - --- ---------- 18.54 
Orthoclase ------- 6.12 
Albite --- -- ------- - 38.25 
Anorthite ________ 25.85 
Diopside ----------- 0.89 
Hypersthene _______ 7.30 
Magnetite ------------ 1.62 
Ilmenite __________ 0.76 
Apatite ------------- 0.31 
Fluorite ---------- 0.07 
Calcite --------- 0.04 
Pyrite ---- -------- 0.04 

Normative plagioclase Ab,.An,. 
Sym'ool l(II).4.3.4(5). 

Under the microscope the minerals rec
ognized in the analysed gneiss and placed 
roughly in their order of abundance are 
plagioclase, quartz, hornblende, biotite, 
magnetite, titanite, apatite, and zircon. 
Another thin section, No. 86T-l-11A, 
of extremely fresh gneiss from a shaft in 
the southeast corner of the Clinton Hardin 
property contains plagioclase, quartz, mi
crocline, biotite, hornblende, titanite, cal
cite, magnetite, apatite, and zircon. Another 
sample, No. 16T-5-30B, collected in 
Blanco County, 0.2 mile east of the Hardin 
cemetery on the Davis property, contains 
plagioclase, quartz, microcline, biotite, 
hornblende, titanite, magnetite, apatite, 
and zircon, as well as the secondary min
erals chlorite, epidote, and albite. 

The larger feldspars are in part crowded 
with inclusions having the same index of 
refraction as the feldspar. They can be 
detected only between crossed nicols. A 
few of the large feldspars are crowded with 
biotite scales. The biotites and horn
blendes are well aligned, and quartz groups 
are elongated in the same direction. The 
quartz is in mosaics, yet individual grains· 
do not have undulatory extinction, indi
cating that they are not under stress. The 
quartz grains have lines or warped planes 
of fluid inclusions intersecting the crystals 

at various angles. These lines continue to 
the edges of the grains, indicating that no 
secondary enlargement of the quartz grains 
has taken place. Some zones composed of 
very minute intermingled minerals appear 
to be crush zones. The mineral composi
tion of many of the included Packsaddle 
schist masses is very similar to that of the 
Big Branch gneiss. In the field it is often 
difficult to determine which portion of the 
outcrop should be designated as igneous 
and which as sedimentary in origin. A 
preliminary study of the zircons is indica
tive. Samples so far studied from por
tions of the Big Branch gneiss having def
inite igneous texture contain a large per
centage of colorless long zircon prisms 
and a few stubby, more or less oval, zoned, 
hackly crystals which are not very clear 
but which are mostly still highly bire
fringent. Samples that are definitely Pack
saddle schist contain only the latter type 
zircon, and these are not abundant. Other 
samples intermediate between typical Big 
Branch gneiss and Packsaddle schist con
tain varying amounts of the two types of 
zircons. It appears likely that the zircons 
of the schist have been able to withstand 
assimilation and remain essentially un
changed in the gneiss. 

The Big Branch gneiss may have origin
ally been somewhat more acidic and dur
ing injection assimilated much Packsaddle 
schist, thus becoming more basic. The 
amount of assimilation appears to be 
large, and some selection of material di
gested is indicated. The soapstone seems 
to have resisted assimilation better than 
other types of rock in the Packsaddle 
schist. 

BAs1c RocKs 

Basic intrusives ranging from diorite to 
hornblendite in composition are especially 
abundant east of Cedar Mountain in Llano 
County. Most of those mapped are shown 
in figure -24 (in pocket). The intrusives are 
mostly sill-like bodies parallel to the schis
tosity of the Packsaddle schist, with a few 
crosscutting dikes and one mass with a 
circular outline which may be roughly 
cylindrical in shape. This mass is located 
west of Coal Creek, forming a conical 
boulder-strewn hill which abuts the Hick
ory sandstone to the west. Most of the 
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rest of the contact is covered by a fan so 
that the true shape of the mass may vary 
slightly from that shown on the map. 

To the east swarms of small stubby sill· 
like masses, and others more elongated and 
up to a mile in length, swing in a wide 
arc through 90° in a distance of about 2 
miles. At the southern end of the arc 
there is a sharp swing to the east for 
half a mile and then back to the south, 
which direction continues to the south 
border of the map. Some of the clusters 
of smaller intrusions, such as those in the 
area southeast of Sandy Creek, were too 
small and numerous to indicate accurately 
on the map. They have been generalized, 
whereas those intrusives of mappable 
length are shown much more nearly ac
curate. A few thin dikes such as indicated 
at 3-30A (fig. 24) are of different texture 
and composition and are at right angles 
to the schistosity. These dikes weather 
low and are seldom seen except weathered 
in favorable areas along drains. They are 
in strong contrast to the sill-like masses 
which are extremely resistant to weather
ing and form ridges. 

The diorite and hornblendite masses are 
gradational with a range in mineral com
position from roughly half feldspar and 
half hornblende to rocks composed almost 
entirely of hornblende. A portion only 
of the hornblendites have been designated 
separately, since no sharp line of demarca
tion can be drawn between them and the 
diorites. The hornblendites are not uni
form in composition and may grade 
toward rocks composed of low alumina 
amphiboles. 

A systematic examination of the com
position of the basic rocks has not as yet 
been made, but a few thin section descrip
tions and one analysis are given below. 
The stock-like mass west of Coal Creek 
(3- 37A, fig. 24) is composed about equally 
of hornblende and labradorite-bvtownite 
plagioclase, with some titanite arid zircon. 
Magnetite is absent in the section ex
amined. Much of the feldspar has a 
granulated appearance between crossed 
nicols. The hornblende is in distinct 
crystals with ragged edges as if replaced 
by feldspar. The hornblende has a mean 
refractive index of about 1.65 and a 

pleochroism of X=light straw, Y= light 
straw-green, and Z=light bluish green. 

A series of five thin sections (3-30D, 
fig. 24) was made of selected samples 
across one of the larger sills. The range 
in composition of four of these sectionsi 
is as follows: 

Range 

Hornblende ------------ --------- 35 to 82% 
Feldspar --------------------------· 10 to 61 
Magnetite ····--------···-···---·· 1 to 8 
Pyrite - --------------- ---·-····- Absent in 

three; 
1%in 
fourth 

Average 

54% 
42 

4 

Accessory minerals are practically absent. The 
feldspar is near labradorite in composition. Many 
of the hornblende crystals are frayed at the ends 
and all are well aligned. The feldspar is mostly 
granulated with only occasional crystals retaining 
some semblance of twinning. 

The hornblende is more strongly pleo
chroic than in the previously described 
section but in the same color tones. These 
sections from one mass show the variation 
in composition that exists and that the 
diorite grades toward hornblendite. An
other section (3-30B, fig. 24) is composed 
of about equal parts of hornblende and 
labradorite and contains some magnetite, 
titanite, and zircon. 

Sections were made of rocks composed 
chiefly of hornblende. Section 3-37D 
(fig. 24) , is estimated to be about 90 per 
cent hornblende and 10 per cent andesine. 
A very small amount of augite is present. 
The central portions of a few hornblende 
crystals are darkened by numerous 
elongated inclusions. 

Section 3-37E (fig. 24) appears to be 
about 95 per cent hornblende and 5 per 
cent labradorite. Titanite and apatite are 
scarce and magnetite is very scarce. A 
mosaic of quartz grains at one edge of the 
section may be part of a small inclusion. 
The hornblende is negative, has a re
fractive index for Ng of approximately 
1.65, extinction Z/\c of 17°, and 2V of 
about 75° . The pleochroism is X =al
most colo.rless, Y=light yellowish green, 
and Z=hght bluish green. Hornblende 
and actinolite overlap in this range of 
optical properties, and R. M. Wheeler, of 

·~~es. V · E.. Dawson, R. F ., and Parkinson. G. A., 
~utlding atonee ef central Texas : Univ. Tens Pub. 4246 
(lo prest). 
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the Bureau of Economic Geology, de
termined the alumina (Al20 8 ) and the 
iron as Fe20 , for a sample of the rock as 
a whole. Alumina is 16.12 per cent and 
Fe20 8 6.20 per cent, identifying the amphi
bole as a low iron hornblende. 

Section 3- 371 (fig. 24) is predominantly 
hornblende with talc and chlorite so sit
uated that alteration to these two minerals 
is suggested. Magnetite, mostly as clusters 
of small grains, and apatite are the chief 
accessory minerals. Many of the horn
blende crystals, especially in their central 
portions, are clouded by numerous very 
small elongated inclusions. 

Section 3-38L (fig. 24) is predom
inantly hornblende with a very small 
amount of granular feldspar. 

A hornblendite from Blanco County 
(Bl-25, fig. 22, in pocket) was analyzed, 
and the chemical analysis and normative 
mineral composition are as follows:• 

Analysis of sample of hornblendite, 
Blanco County, Texas. 

Chemical 
analysis• 

Percent 
SiO, _ 50.00 
AI,O, _ 10.38 
Fe.01 _ 2.46 
FeO _ 7.61 
MgO _ 12.60 
Cao - ··- 13.02 
Na.O _ 0.81 
K.o - 0.25 
H.O+ _ 1.58 
H.0- _ 0.05 
co. - 0.06 
TiO, __ 0.56 
P,O, _ 0.11 
Cr,o, _ 0.10 
MnO _ 0.21 
F 0.03 
s ---- 0.02 

99.85 
LeBS 0 _ 0.02 

99.83 

Normative mineral 
composition 

Per cent 
Quartz ------- 1.74 
Orthoclase ------- 1.11 
Albite --------- 6.81 
Anorthite --------- 24.19 
Diopside ----------- 31.23 
Hypersthene --------- 27.76 
Magnetite -------- 3.71 
Chromite -----···---- 0.15 
Ilmenite ------------- O. 91 
Apatite ······-- ····- 0.34 
Fluorite ····-····- 0.07 
Calcite ··-·····--···· 0.14 
Pyrite --------··- - 0.04 

Normative plagioclase Ab..An,. 
Symbol (III)IV.1".1.2.2. 

•Analyzed at the Minnnota Rock Analyaee IAboratory. 
Minneapolis. Analy1t; R. B. Elleetad. Fluorine deter
mination by Willard and Winter method. 

Under the microscope the rock is seen 
to be composed predominantly of horn
blende and a small amount of plagioclase. 

Two closely associated hornblendite 
masses (3-38J and 3-38K, fig. 24) are in 

part altered, ranging from very dark green 
hard hornblendite to a light grayish-green 
soft rock having a slightly soapy feel 
when crushed. Thin sections of the softer 
rock either lack or have extremely weak 
pleochroism, indicating that all of the 
hornblende has been altered. Some 
amphibole cleavage remains, and some 
shreds having moderate birefringence and 
inclined extinction are clouded by small 
opaque elongated particles suggesting a 
partially altered mineral, presumably 
hornblende. The shreds mostly are sur
rounded by chlorite having its cleavage 
trace parallel to that of the original min
eral. Some talc is so situated in relation 
to the partially altered hornblende as to 
suggest that it is a direct alteration prod
uct, but in practically every case the trace 
of the talc cleavage shows an angular 
relationship to that of the original mineral. 
The altered rock contains groups of mag
netite grains, many of which have intri
cate outlines formed by small straight 
boundaries. The position and development 
of these magnetite groups and their relation 
to the clouded areas mentioned above sug
gest that during alteration the iron oxides 
of the hornblende are released and as 
alteration progresses are in some manner 
excluded from the newly formed minerals. 
One of the sections of less altered rock 
contained some augite. 

Just within Gillespie County and east of 
Coal Creek two other masses (l- 2E and 
l - 2F, fig. 24) are composed entirely of 
soft light grayish-green altered horn
blendite. Two thin sections of these are 
essentially the same as described under 
3-38J and 3-38K (fig. 24) , except that in 
one a few small areas of somewhat more 
pleochroic hornblende remains, and in the 
other there is a greater abundance of talc 
and some apatite. 

With hornblendites showing partial al
teration to chlorites and talcs, it seems 
plausible that at least some of the soap
stone deposits may be derived from horn
blendites. As pointed out later (p. 74), 
some of the soapstone deposits undoubt
edly formed from tremolite which orig
inated from impure limestones. 
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Two sections were made of th r. cross
cutting dikes, one from Llano County 
(3- 30A, fig. 24 ) and the other from 
Blanco County (16T- 5-61G) east of the 
area shown in fig. 13. Both sections are 
of identical rocks except that the rock 
fr om Blanco County is fin er grained. The 
rock has a diabasic texture with small 
laths of oligoclase and scales of biotite 
being the predominant minerals. Some 
hornblende and magnetite are present, and 
the entire rock except as noted below is 
pervaded by serrated to lattice-like micro
lites, presumably of ilmenite. Both rocks 
have scattered throughout a few clear 
equidimensional phenocrysts of feld~par 

mostly less than 2 mm. in size, which are 
free of the microlites. The lath-shaped 
feldspar in 3-30A encloses the microlites 
with a greater concentration at the edges 
than in the centers. In the other section, 
some of the lath-shaped feldspars are free 
of microlites, indicating a slightly later 
formation of the microlites during the se· 
quence of solidification of this dike. 

Another rock type, hitherto menti oned 
but not described, is located in the eastern 
part of the area shown in figure 24. The 
rock is of a granitic origin but is now a 
gneiss. The original rock, from sight 
examination, appears to have been a 
coarse-grained granite similar to the Town 
Mountain granites but much earlier in 
age. It appears to be para llel to the 
schislosi ty of the Packsaddle schist and in 
part is highl y resistant to weath ering, 
forming the high ridge named Red Moun
tain. A detai led field examination has 
not as yet been made of this coarse
grained gran ite gneiss, and thin sec tions 
have not been made. 

Much more detailed work is needed to 
establiFh the sequ ence of rocks so far 
described and to gain a fairh complete 
understanding of the events leading to the 
formation of the soapstones and serpen
tines of the area. Such an understanding 
would possibly be of value in interpreting 
the deposits described, but during the pres
ent emergency, time for obtaining such 
additional information is not available. 

DESCRIPTION OF SOAPSTONE AND SF:R· 
PENTINE AREAS OF THE CENTR <\L 

MI NERAL REGION 

Ilic BnANCH AnEA or Gn.1.i-:si·n: ( :ouNTY' 

LOCATION 

The soapstone deposits of northeastern 
Gillespie County are located 24 miles 
from Fredericksburg, the county seat, and 
9 miles from Willow City. The nearest 
railroad is at Marble Falls in Burnet 
County, a distance of 27 miles by the most 
direct but least improved route. The dis
tance by road via Round Mountain is 30 
miles, of which 10.5 miles are paved. 
Most of the deposits described in th is sec· 
tion are located on the Nolen Althaus, 
Alfred Davis, and W. 0 . Davis properties. 

DESCllIPTION OF DEPOSITS 

A plane-table map (fig. 13) of the soap
stone area located on the 1olen Althaus, 
Alfred Davis, and W. 0 . Davis properties 
was made by R. W. Mathis on scale of 1 
inch equ als 400 feet, with contour interval 
of 20 feet. The soapston e-bearing area 
is about 2% miles long and extends north 
and south except at the south end where it 
swings to the east. The soapstone bounda
ries and contour lines are mapped ac
curately, and other features such as peg
matites, amphibolites, quartz masses, and 
serpentine masses are placed on the map 
as well as thei r surface expression will 
allow. One hundred eight trench es were 
dug across the soapstone and associated 
rocks, and cross sections were made of 
them (figs. 14. lo 20). 

The soapstone outcrops as about 600 
masses or lenses arranged in long belts 
which occasionally split in to two prongs 
or form clusters of lenses. The soapstone 
is associated with mica-, chlorite- , tremo· 
lite- , and feldspathi c-schists, serpentine. 
and dark gray gneiss. Vermic11lite and 
chlorite bands occasionally mark the con
tact between the soapstone and bounding 
schists. The soapstone lenses approach 
the vertical in position with deviations 
rarely as much as 30° . The mineral align-

6The section of this paper describing the soapstone of 
th <" Big Branch area is in large part the work of R. W. 
Mathis, and any referenc e to mate rial in this section 
11hou ld contain Mr, Mathis' name as co -author, 
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ment of the enclosing rocks suggests that 
the soapstone lenses are ellipsoids and 
that the maximum dimension will be at an 
angle of 45 to 60 degrees from the hori
zontal, dipping to the south. The surface 
cross sections of the soapstone lenses range 
in size from 2 by 6 feet up to 80 by 195 
feet. 

At the south end of the map within the 
area between trenches 1 and 13 only a 
few of the soapstone lenses are of good 
quality. The lens at trench 5 is outstand
ing in both size and quality and some of 
it has been used as hearth lining. The 
soapstone lenses along the top of the hill 
are small and low in talc content. They 
are within a mass of calcareous tremolite 
schist. The trench cross sections are quite 
typical for the area. In some trenches two 
or more soapstone lenses are encountered 
which are parallel; in others the soapstone 
lenses are divergent and occasionally a fold 
is encountered. In trench 5 the soapstone 
lenses diverge and are without symmetry. 
This trench shows the extremely complex 
relationship of the rocks of the area. The 
contact of the schist with the Big Branch 
gneiss in this area is irregular and in most 
places covered by soil, and consequently 
this contact is not accurately shown. The 
contact is well exposed, however, at the 
east and west ends of the big hill topped 
by the 1500-foot contour. The Big Branch 
gneiss foliation is locally almost east-west. 
The remaining area in the Althaus prop
erty, near trenches 14-16, has numerous 
outcrops of amphibolite, and the associated 
soapstone is fairly solid but gritty. 

On the Alfred Davis property near the 
east fence line a ridge of tremolite is 
associated with two or three small lenses 
of gritty soapstone which are enclosed by 
the 1440-foot contour and are indicated 
on the map by locality B2. To the west 
a cluster of soapstone lenses, trenches 17-
21, is located at the end of two small ridges. 
Several of the lenses are large and contain 
solid soapstone with very little grit. 
Among the lenses are several exposures 
of amphibolite, a band of marble, and a 
small serpentine outcrop. Big Branch 
gneiss is exposed near by, both to the 
north and to the south of the soapstone. 

In the hollow to the west is an abund
ance of amphibolite, and between this hol-

low and the road to the west is another 
swarm of soapstone lenses, trenches 23-27. 
Many of the lenses are small, but the main 
vol~me of soapstone is in a few large 
bodies. The soapstone is highly jointed 
but of good quality as indicated by the 
absence of grit. The structural complex
ity of the region is again demonstrated in 
trench 27. The soapstone stringer on the 
west side of the trench is 17 feet wide and 
on the east side 12 feet wide. (See fig. 13 
and cross section 27, fig. 15.) Three dif
ferent directions of strike are shown in 
the main mass, and two small lenses at 
each end of it have still different strikes. 
~ne is separated from the large mass by 
irregular bands of talc chlorite and gneiss. 
Pegmatites trending northwest·southeast 
are located both to the north and south of 
this area. They are related to the late 
granites. 

The soapstone zone swings to a northerly 
direction between the road and Youngblood 
Creek. This area includes trenches 28-
84. Near trench 45 the zone splits into 
two prongs, one continuing in a north
westerly direction, the other trending north. 
The strike of the individual lenses is quite 
varied, suggesting rather complicated fold
ing about the tremolite hill surrounding 
trench 55. The strike of the soapstone in 
this area ranges from about N. 55° W. to 
north, and the dip varies from 60 to 90 
degrees, conforming with that of the coun
try rock. The average quality of soapstone 
in this area is better than to the southeast. 
The lenses, however, are in general small 
and narrow. A few fairly large lenses 
are located in the southeast and northwest 
part of the area. Packsaddle schist is the 
predominant rock between the soapstone 
prongs. Much of it is a dark-colored 
biotite schist approaching a gneiss in tex
ture. A mass of tremolite caps the hill 
between trenches 4 7 and 55. A small mass 
of serpentine outcrops within the tremolite, 
at trench 55, with tongues of serpentine 
extending into the tremolite. Field evi
dence of its origin is not conclusive. It 
could be a serpentinized intrusive, tremo
lite altered to serpentine, or a core of 
serpentine remaining from alteration of 
serpentine to tremolite. The origin of 
the soapstone and serpentine will be dis
cussed later. 
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F)g. 14. Cross-section sketches, prepared hy R. W. Mathis, of trenches 1-19 in Big Branch soapstone and serpentine area, Gillespie County Texas. 
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Fig. 16. Cross-section sketches, prepared by R. W. Mathis, of trenches 33-45 in Big Branch soapstone and serpentine area, Gillespie County, Texas. 
Explanation of symbols is given on figure 20. 
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Fig. 18. Cross-section sketches, prepared by R. W. Mathis, of trenches 61-78 in Big Branch soapstone and serpentine area, Gillespie County, Texas. 
Explanation of symbols is given on figure 20. 
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Fig. 19. Cross-section sketches, prepared by R. W. Mathis, of trenches 79-A3 in Big Branch soapstone and serpentine area, Gillespie County, Texas. 
Explanation of symbols is given on figure 20. 
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In the area between Youngblood Creek 
and the W. 0. Davis property line, im
pure soapstone lenses, trenches 85-A9, 
are mostly clustered in a swarm on top 
of the high hill. On the north slope 
of the hill they are larger, more scattered, 
and of a better quality. A mass of serpen
tine borders the soapstone to the west and 
in tum is bounded by Big Branch gneiss 
containing numerous dark-colored in
clusions of Packsaddle schist. To the east 
the Big Branch gneiss includes several 
large masses of amphibolite and is cut by 
pegmatite dikes. 

To the north on the W. 0. Davis prop
erty the soapstone lenses are larger and 
probably of better quality. A north-south 
trending series of high hills along the 
western margin of the area is paralleled 
by a series of smaller hills along the 
eastern margin. The soapstone outcrops 
on the ridges of both series of hills and 
on smaller ridges extending into the low 
areas between them. The largest soap
stone mass of the entire area, locality C2, 
is 80 by 195 feet in size. Another large 
mass tops a hill at locality C3 and is 45 
by 190 feet in size. 

Several masses of serpentine and tremo
lite are exposed on hilltops along the 
western margin. A pink gneiss in the 
northwestern part of the area is probably 
Valley Spring gneiss. A few pegmatites 
and numerous masses of amphibolite out
crop in the soil-covered area between the 
zones of soapstone, and a large body of 
serpentine containing inclusions of amphi
bolite outcrops east of the windmill and 
hunting cabin. Big Branch gneiss en
velopes the soapstone and associated rocks 
and is excellently exposed along Big 
Branch of Coal Creek and west of the 
pink gneiss. 

One deposit of good grade soapstone is 
located just to the west of the barite pros
pect which is to the west of the area shown 
in figure 13. A map of this area, started by 
R. W. Mathis in connection with a barite
scheelite investigation, was not completed, 
but the eastern end of the area is complete 
enough to show the location of the soap
stone deposit and the main barite outcrop. 

This portion of the map is shown as an 
inset in the southwestern corner of fig. 13, 
and the location of the soapstone deposit 
is indicated on the index map, fig. 12, at 
locality A. 

TONNAGE 

The soapstone tonnage is estimated by 
using the surface dimensions of the lenses, 
an assumed depth of one-third the surface 
length, and a specific gravity of the soap
stone of 2.80 (averaged from 8 samples). 
The tonnage for the entire area, using 
these values, is 660,000 short tons. The 
W. 0. Davis property contains about 
470,000 tons, and the Alfred Davis and 
Nolen Althaus properties contain about 
190,000 tons. This tonnage estimate is very 
conservative since the long dimensions of 
the lenses dip between 45 and 60 degrees 
and are considerably greater in length than 
the longest surface dimension. 

MINERALOGY OF SOAPSTONE AND ASSOCIATED 
ROCKS 

The mineral composition of the soap
stones was estimated by microscopic ex
amination of representative powdered 
samples from each locality sampled. The 
abundance of each mineral is given by the 
following symbols in Table I: ( X) indi
cates the predominant mineral, and where 
two minerals are approximately equally 
abundant this symbol is used for both; 
(/) indicates an appreciable amount of a 
mineral; and (-) indicates that a mineral 
is present but probably less than 5 per cent 
in amount. One column in the table is 
headed "Grit." The samples were ground 
in an agate mortar and the degree of 
grittiness estimated and indicated by rela
tive terms, such as (X) very gritty; (/) 
gritty; and (-) slightly gritty. One col
umn in the table is devoted to color. All 
of the samples are colored even when 
ground and range from very light buff to 
very light green; the symbols for color 
are explained in a footnote to the table. 
Table 1 is arranged geographically with 
the samples from the southern end of the 
area listed first. 
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Table I. Mineral composition, grittiness, and color Table I-Continued. 
of northeastern Gillespie County soapstones. 
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The above table shows a wide variation 
in mineral composition with talc and 
tremolite being the most common and 
abundant minerals. Small amounts of 
chlorite and magnetite are present in 
practically all of the samples with chlorite 
occasionally being prominent. Calcite is 
present in considerable amounts in 4 sam
ples and in small amounts in 3 others. 
Serpentine is abundant in 2 samples, and 
a small amount is contained in another. 
The table also shows an improvement in 
grade, with the talc content increasing 
from south to north. This improvement in 
grade is better seen if the area is divided 
into 5 natural divisions and the number 
of samples of each type of soapstone 
stated. 

Samples 1 to 16 are from the Althaus 
property. Of these samples none is com· 
posed entirely of talc, 3 are composed 
predominantly of talc and considerable 
tremolite; 2 are composed about equally 
of tremolite and talc ; 5 are composed pre· 
dominantly of tremolite and considerable 
talc; one is almost entirely tremolite; one 
is composed of about equal amounts of 
tremolite and talc with considerable 
chlorite; one is composed predominantly 
of tremolite with considerable talc and 
calcite; one is composed of about equal 
amounts of tremolite and calcite; and the 
other 2 are predominantly tremolite with 
considerable calcite. 

Samples 18 to 27 arn from an area 
located between the Althaus property line 
and the road on the Alfred Davis prop
erty. Of these samples one is composed 
almost entirely of talc; 3 are composed 
predominantly of talc with considerable 
tremolite; 4 are predominantly tremolite 
with considerable talc; and one is pre-

dominantly tremolite with considerable 
talc and chlorite. 

Samples 28 to 84 are located between 
the road and Youngblood Creek. Of these 
samples 11 are composed almost entirely 
of talc; 27 are composed predominantly 
of talc with considerable tremolite; 8 are 
composed of about equal amounts of tremo
lite and talc; 3 are predominantly tremo
lite with considerable talc; and of the other 
4, 3 are predominantly talc--one with con
siderable chlorite, one with considerable 
chlorite and tremolite, and one with con
siderable serpentine and tremolite. The 
other sample is composed about equally of 
talc and tremolite with considerable 
chlorite. 

Samples 85 to A9 are from an area be
tween Youngblood Creek and the W. 0. 
Davis property line. Of these samples 9 
are almost entirely talc; 6 are predomi
nantly talc with considerable tremolite; one 
is predominantly tremolite with consider
able talc; and the other is predominantly 
serpentine with considerable talc. 

Samples B4 to Dl, with the excel.'· 
tion of B7, are from the W. 0. Davis 
property. Of these samples 10 ~re al
most entirely talc; 4 are predommantly 
talc with considerable tremolite; one is 
equally composed of tremolite and talc; 
and the other is predominantly tremolite 
with considerable talc and chlorite. 

As can be seen by the above enumera
tion, the amount of talc increases to the 
north. This can better be visualized from 
a statement (Table 2) of the percentages 
of the chief types of soapstone in the 5 
arbitrary divisions given above. 

The sampling is not well balanoed 
throughout the area. The northernmost 

Table 2. Percentages of diff erent soapstone types by area. 

Number of Samples Talc> Talc= Talc< All 
samples included Talc tremolite tremolite tremolite others 

16 l-16 0 19 12 31 38 
9 18-27 ll 33 45 0 ll 

53 28-84 21 50 15 6 8 
17 85-A9 53 35 0 6 6 
16 B4-Dl 63 25 6 0 6 

111 1-Dl 28 39 13 8 12 Average 
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division constitutes half of the area ex
amined and 71 per cent of the estimated 
tonnage. This area is represented by only 
16 samples whereas the rest of the area 
is well represented by 95 samples. Since 
permission to trench in the northern area 
was not granted, only surface samples 
could be collected there. 

Table 1 also states a relative estimate of 
the grittiness detected during grinding of 
the samples in an agate mortar. Only 4 
samples appear to be completely free of 
grit, 59 contain a small amount of grit, 
41 contain a medtum amount of grit, and 
6 are very gritty. Some of the grittiness 
is caused by magnetite which could easily 
be removed by a magnetic separator. The 
tremolite also contributes to the grittiness 
in some samples. The tremolite crystals 
vary considerably in shape, some being 
short and blocky and others being in long 
thin needles. The short blocky crystals 

offer more resistance to grinding, produc
ing the most grittiness. 

The color of the samples ranges from a 
very light green to a very light buff. 
It seems likely that the buff color is caused 
by weathering and that fresh material will 
be light green. 

The soapstones range toward a group 
of tremolitic rocks which at the surface are 
limonite stained and form rough hackly 
outcrops superficially resembling gossans. 
Powdered samples of a few of these reveal 
a varied mineral composition, as shown 
in Table 3. The symbols used in this and 
subsequent tables are the same as pre
viously used with the addition of the 
symbol ( 1) to indicate "present but very 
scarce." 

Closely associated with the soapstones is 
another group of rocks, the composition of 
which is shown in Table 4. 

Table 3. Mineral composition of tremolitic and quartzose rocks associated with soapstone. 
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In trench 32 some chlorite and vermicu
lite are present. Sample 32a is almost 
entirely chlorite which is positive, has an 
index of refraction near 1.588, and a 
noticeable birefringence. The mineral is 
probably clinochlorite. Accessory min
erals are apatite, chromite, and a small 
amount of magnetite. Sample 32b is al
most entirely vermiculite with some apatite 
and chromite as accessory minerals. It 
seems likely that the vermiculite is an 
alteration product of the chlorite. 

Several samples containing vermiculite 
were heated. Sample 27a increased in 
volume about three times. Sample 32b 
expanded nicely. Sample 32a, composed 
chiefly of chlorite, did not expand, and 
sample 32c expanded only in part. Sam
ple 55a expanded nicely, sample 63a and 
97 expanded some, and sample 76 ex
panded very little. 

In Table 5 the mineral compositions of 
the more abundant phase of the Pack
saddle schist, some of which is almost 
gneissic in texture, and the mineral com
positions of the Big Branch gneiss are 

Big Branch gneiss is a deficiency of quartz 
and zircon in the former. The chemical 
analysis of sample 86T-l-5D is given on 
page 57. 

Some small serpentine masses are 
closely associated with the Packsaddle 
schist. The mineral composition of the 
serpentines is £hown in Table 6. 

Table 6. Mineral composition of serpentine. 
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63b x x 
81 x 1 
86T- l - 9B x 

Sample 86T-l -9B is from the Dezendorf 
quarry on the Frank Smith property. It is 
a sample of the large serpentine mass to 
the north and is given for comparison. 

Table 5. Mineral composition of Packsaddle schist (Ps), Big Branch gneiss (Bb), 
Valley Spring gneiss (Vs), and Enchanted Rock granite (Cgr) . 
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given. In addition a sample of Valley 
Spring gneiss, D2, and a sample of En
chanted Rock granite are included for 
comparison. 

The chief difference in mineral composi
tion between the Packsaddle schist and the 
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ORIGIN OF SOAPSTONE AND ASSOCIATED ROCKS IN 
THE BIG BRANCH SOAPSTONE AREA 

The soapstone is closely associated with 
Packsaddle schist, and most of it is con
sidered to have been originally a cal
careous sediment within the P acksaddle 
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series. Some of the soapstone discussed 
in this section, however, such as that at 
locality C-3, may be derived from an 
igneous rock. The steps involved in the 
origin for most of the soapstone in this 
area appear to be roughly: (1) meta· 
morphism of impure dolomites and lime· 
stones into tremolite schist and (2) altera
tion of the tremolite in part at least to 
talc. Numerous examples are present in 
the area of tremolite-dolomite or tremo
lite-calcite masses, which are interpreted as 
having been originally somewhat more 
pure calcareous sediments which did not 
contain sufficient silica to change entirely 
to tremolite during metamorphism. Micro
scopic examination of powdered samples 
reveals many tremolite needles partly al
tered to talc. In some the alteration is at 
the ends of the needle, and in others ir
regular zones of alteration cross the 
needles. 

The origin of the serpentine masses is 
more difficult to explain. The localiza
tion of these masses alon~ the soapstone 
belt and their occasional intimate associa
tion with tremolite masses is suggestive of 
a sedimentary origin. They could pos
sibly be derived from silicates which had 
formed by metamorphism of calcareous 
sediments. Elsewhere in the Central Min
eral region grains of diopside are common 
in the maTbles, and all stages of alteration 
of these grains to serpentine can be seen. 
However, diopside has not been recog
nized in the soapstone area. Tremolite 
i~ the chief mineral present, and it is 
ilifficult to understand how it could alter 
in oart to serpentine and in part to talc. 

Some of the serpentine masses have 
small lenses of soapstone in them which 
could easily be inclusions. The serpen
tine mass on Youngblood Creek has small 
elliotical masses of Big Branch gneiss 
within it. These may be inclusions but 
could also be interpreted as intrusions. 
The contact between the serpentine and 
t.remolite masses is somewhat gradational. 
This again can be interpreted in two man
ners: either as an irregular contact caused 
by alteration or as contamination during 
intrusion. An examination of the mineral 
composition of these serpentines and that 
of the big serpentine mass to the north, 
which is definitely of igneous origin, re-

veals nothing diagnostic. Magnetite (see 
Table 6) is the only heavy mineral de
tected, and it is present in about the same 
amount in both types of serpentine and in 
about the same amount in the tremolite 
rocks. 

The writer believes the serpentine as
sociated with the soapstone is igneous in 
origin, but until indisputable proof is ob
tained he does not wish to make a dog
matic statement that such is the case. 

COAL CREEK AND COMANCHE CREEK AREAS OF 

GILLESPIE, LLANO, AND BLANCO COUNTIES 

LOCATION 

The areas to be discussed are situated in 
part along Coal Creek and in part extend 
eastward to include the mouth of Big 
Branch (fig. 22) and portions of Comanche 
Creek (figs. 22, 23, and 24), and the main 
soapstone deposits are situated along Coal 
Creek. One group of deposits centering 
near the Blanco-Gillespie-Llano County 
corner (fig. 24) extends from the bank of 
Coal Creek eastward for about 1.5 miles. 
Downstream about 1.5 miles other groups 
of soapstone deposits are situated on both 
sides of Coal Creek, and two large masses 
of soapstone are situated west of Coal 
Creek. Another area containing a group 
of soapstone deposits (fig. 22) is located 
between Big Branch and Comanche creeks 
and north of the main serpentine mass. 
Two deposits of soapstone of good quality 
located just south of the area shown in 
fig. 22 are mapped in fig. 21. Groups of 
soapstone deposits along Comanche Creek 
are shown in fig. 23. 

Fig. 22 is reproduced from The Uni
versity of Texas Publication 4246 on build
ing stones• and was originally made chiefly 
to show the big serpentine mass. On this 
map the area in the vicinity of the county 
corner is generalized and is now super
seded by the more detailed map, fig. 24. 
The largest serpentine mass of the Llano 
uplift is shown in fig. 22. Two small 
masses are located west of the main mass, 
and several small masses are located in 
Llano County (fig. 24) !lear the county 
corner. 

tlBarne-s, V. E. , Dawson, R. F., and Parkinson, C. A., 
Building ston<'s o{ central Texu : Univ. Texu Pub. 4246 
(in prese). 
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Fig. 21. Geologic map of the southernmost soapstone deposits in the Coal Creek area, Gillespie 
County, Texas. 

The western end of the serpentine mass, 
the soapstone west of the John Quirk 
survey (fig. 22) , and the soapstone shown 
in fig. 21 are tributary to the road through 
Cut Off Gap which leads to the hard
surfaced Llano-Fredericksburg highway at 
a point 20 miles south of Llano and 18 
miles north of Fredericksburg. The total 
distance from the western end of the 
serpentine mass to Llano is 25.5 miles. 
The eastern end of the serpentine mass 
and the soapstone located in the John 
Quirk survey (fig. 22), the soapstone 
east of Coal Creek (fig. 24), and the soap
stone shown in fig. 23 are tributary to the 
road leading south from Click and the 
road from Willow City to Round Moun
tain. The soapstone west of Coal Creek 
(fig. 24) is reached by a secondary road 
west of Click which turns south and 
crosses Sandy Creek. Sandy Creek cross
ing formerly was difficult to negotiate, but 
in the past few years the roadbed has b~en 
improved. Floods, however, could easily 
remove the rock fill and make the cross
ing virtually impassable._ The eastern ~nd 
of the serpentine mass 1s about 24 miles 
by unimproved road from Marble Falls 
and about 30 miles from Fredericksburg. 
Marble Falls is the nearest railroad point 
with the exception of Kingsland located 
north of Llano River, which at this point 
is not bridged. The central portion of this 
area is about 21 miles airline from the 
Lower Colorado River Authority's 
Buchanan and Inks dams on Colorado 
River which are now producing cheap 
power. 

DESCRIPTION OF SERPENTINE DEPOSITS 

The serpentine mass (fig. 22) is 3.5 
miles long in an east-west direction and 
averages about two-thirds of a mile across 
in a north-south direction. At each end 
of the mass there are important lobes of 
serpentine extending northward. Fault
ing has offset the borders of the mass to 
some extent. The faulting is probably of 
the same age as that which dropped ~he 
Paleozic rocks against the pre-Cambrian 
rocks at the western edge of the map. The 
serpentine probably originated by ~Itera
tion of a basic intrusion. No recogmzable 
remnants of the original rock are found 
within the serpentine mass. The original 
igneous rock from which the serpenti~e 
formed intruded the Packsaddle schist 
and Big Branch gneiss as evidenc~d _by in
clusions of both rock types w1thm the 
serpentine. The serpentine mass pitches 
to the south at an angle of approximately 
45°. 

The serpentine mass has received con
siderable attention from prospectors look
ing for chromite, asbestos, and nickel. 
More recently the serpentine has been 
quarried for terrazzo chips. Chromite 
was seen at four localities. At the western
most locality (fig. 22) about a ton of 
chromite is piled around several shall~w 
prospect pits. Three-quarters of a mile 
to the east about 200 pounds of chromite 
is scattered about the surface, and another 
quarter of a mile to the east about half a 
ton of chromite is scattered over the sur
face. No chromite was seen in place at 
any of the localities, but a few strin~ers 
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of magnetite cut the serpentine at the latter 
locality. During 1942 and 1943 additional 
prospecting for chromite was carried on 
near the eastern end of the serpentine 
mass, and a small amount of chromite 
was found in place mostly as schlierien
like streaks in the serpentine. R. W. 
Mathis reports another small mass of 
chromite in place near the south border 
of the serpentine mass in the small south
projecting lobe of serpentine in Blanco 
County. 

The nickel mineral zaratite is present 
mostly in an inclusion in the serpentine 
near the western edge of the John 
Quirk survey (fig. 22). Magnetite is 
abundant as small grains scattered 
throughout the serpentine, and small 
stringers of magnetite such as those men
tioned above are occasionally seen. A 
prospect hole along the northern margin 
of the serpentine exposes 21 inches of 
blocky magnetite in a schistose rock 
within a few feet of the serpentine bound
ary. A dip-needle examination shows 
that the magnetite extends for only a few 
feet on each side of the test pit. 

Brittle long fiber asbestos is exposed in 
a test pit near the eastern edge of the 
serpentine mass, and specimens of similar 
material were seen elsewhere about the 
mass. This material is probably antho
phyllite and is of no value. A short dis
tance north of the test pit some veinlets 
of chrysotile outcrop ranging from a 
quarter of an inch to half an inch wide. 
The material has a tendency to be fibrous 
but strictly speaking can not be classed as 
asbestos. 

The minerals associated with the ser
pentine, such as chromite, magnetite, 
zaratite, and asbestos, are of interest only 
from the standpoint of mineral collecting, 
and nothing was seen to suggest that any 
commercial deposits exist. The serpentine, 
however, is of value for terrazzo chips 
and might be of value as a building stone 
if a careful selection of quarry sites were 
made. In general the serpentine is so 
highly jointed that it is difficult to obtain 
large blocks. The serpentine is high in 
magnesium, and since it has been shown 
that it is feasible at least under a war 
economy to extract magnesium from some 
of the magnesium minerals, this deposit 

can be considered as a potential, high
grade magnesium deposit. The following 
analysis of the serpentine was made from 
fresh serpentine obtained in the northern· 
most quarry along Coal Creek. The min
eral composition was calculated from the 
analysis, assigning as much of the con
stituents as possible to the various ser
pentine molecules. This leaves an excess 
of hydrated silica which is expressed as 
opal but probably is not actually present 
as such. 

Analysis of serpentine sample from Gillespie 
County. 

Chemical 
analysis* 

Per cent 
SiO, ______ 40.31 
AJ,O, ___ 0.43 
Fe,Os ___ 6.71 
FeO ______ 0.70 
MgO _ 37.63 
CaO ____ 0.05 
Na,O ____ 0.01 
K,O _____ None 
H,O+ __ 12.32 
H,O- __ 0.92 
co. ----- 0.06 
TiO, ______ 0.01 
P,O, _____ 0.01 
Cr,O, ____ 0.41 
MnO _ 0.04 
BaO ______ None 
NiO ____ 0.30 
F ----- -- 0.01 
s --------- 0.03 

99.95 
Less 0 __ 0.02 

99.93 

Mineral 
composition 

Per cent 

Serpentine ------------------ 93.19 
Magnetite -------------------- 1.39 
Chromite -------------------- 0.67 
Pyrite ----------------------- -- 0.14 
Calcite ---- ------- ----------- 0.10 
Opal -------------------------- 4. 72 

*Analyzed at the Minnesota Rock Analyses Laboratory, 
Minneapolia. Andyst : R. B. Ellestad. Fluorine deter· 
mination by Willard and Winter method. 

In thin section the serpentine is seen to 
be composed predominantly of network 
serpentine, magnetite, and a small amount 
of a fibrous mineral which may be an 
altered remnant of the original mineral. 
Some of the magnetite is in well-shaped 
grains which indicates that it is primary, 
and other small areas of finely divided 
magnetite appear to be secondary, having 
formed during alteration of the original 
rock. The serpentine deposit located be
tween Coal Creek and the Willow City
Cut Off Gap road is darker in color than 
most of the serpentine of the area. Al-
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ternate laminae of light green and dark 
green serpentine chiefly comprise the rock. 
The dark green laminae are composed 
chiefly of network serpentine and a small 
amount of talc. One crystal within the 
dark green serpentine seen in thin sec
tion contains Schiller inclusions and re
sembles enstatite or clinoenstatite some
what altered to bastite. Network serpen
tine has embayed the edge of the crystal 
and included some of the Schiller in
clusions. Another area of similar Schiller 
inclusious has only a small amount of the 
original mineral present as laths having 
various orientations interleaved with talc, 
indicating that the mineral is altering to 
talc. Most of the Schiller inclusions are 
surrounded by talc and serpentine. The 

Bb 

lighter colored areas are composed pre
dominantly of talc, with some serpentine, 
and a small amount of chlorite. In both 
the light and dark-colored laminae small 
elongated areas of opaque minerals are 
present in the same abundance, indicating 
that the rock may have been originally 
of uniform composition throughout. Only 
a small amount of serpentine is present 
in this outcrop, and the presence of talc 
would probably limit its usefulness for 
terrazzo chips. 

The serpentine outcrop in fig. 23 may 
connect beneath the fan and alluvial de
posits with the main s,erpentine mass 
shown in fig. 22. This deposit was not 
closely examined. 
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Fig. 23. Geologic map of the southernmost soapstone deposits in the Comanche Creek area, Blanco 

County, Texas. 
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Another very small deposit of serpen
tine (fig. 35, p. 103) is located on the 
Althaus property just east of Youngblood 
Creek and about one-half mile west of the 
Willow City-Round Mountain road. In 
color the serpentine is a combination of 
light greenish white and a very dark green
ish black arranged in a semi-dendritic 
manner. A small amount of intermediate 
green serpentine is mostly concentrated 
near veinlets. A dark brown limonitic 
material is also associated with the vein
lets and to a small degree is scattered 
throughout the rock. 

The serpentine deposits located near the 
county corner (fig. 24) are too small and 
contain too many impurities to be of any 
value. The only serpentine mass in the 
area which is of value is the main mass 
(fig. 22), which has been used for ter
razzo chips and which contains an un
limited supply of serpentine high in mag
nesium. The value of the serpentine as a 
source of magnesium is problematic since 
many factors must be considered in pro
·(luction from this source, among which are 
degree of chemical stability of the ser
pentine mineral, the presence of dele
terious elements, possible by-products, 
location of deposits in relation to trans
portation and markets, comparative costs 
with production from brines, sea waters, 
and high magnesium minerals such as 
brucite, magnesite, dolomite, and olivine, 
and other considerations almost too nu
merous to enumerate. Any large-scale use 
of the serpentine at present is almost 
prohibited because of its distance from a 
railroad. 

DESCRIPTION OF SOAPSTONE DEPOSITS 

The two soapstone deposits shown in 
fig. 21 were not sampled but appear to 
be of good quality. Large blocks of soap
stone stand above the general level of the 
ground and are in a thicket of bee brush 
which prevented a close examination of 
the deposits. Rock exposures are poor 
in this area, and those seen along drains 
and gullies were all Big Branch gneiss 
and for this reason the soapstone is 
mapped as being in the gneiss. As noted 
elsewhere, soapstone was apparently not 
readily assimilated by the Big Branch 

gneiss, and these deposits are probably 
undigested inclusions within the gneiss. 

One of the larger deposits of soapstone 
of the area (Bl-10) is located on the 
John Quirk survey and forms a cres
cent just above the northernmost point 
of the main serpentine mass (fig. 22). A 
thin section of the soapstone is composed 
predominantly of scaly to plumose talc 
and contains abundant sheaf-like tremo
lite aggregates and a minor amount of 
magnetite. Other soapstone deposits are 
located to the southeast mostly along the 
margin of the serpentine mass. These 
deposits are within the Packsaddle schist 
and at the contact of the schist with the 
serpentine. 

Another soapstone deposit was sampled 
on the east side of the Rezin Mercer 
survey and north of the serpentine mass. 
Several other soapstone masses outcrop in 
this area, some of which to the west are 
in Gillespie County. A powdered sample 
examined under the microscope is com
posed predominantly of talc, a small 
amount of chlorite, and a minor amount 
of magnetite. These soapstone deposits 
are all within the Packsaddle schist. The 
soapstone deposits shown in fig. 22 are all 
generalized on the map, and consequently 
their size is not accurately shown. In all 
of the other maps included in this paper, 
however, the size of the soapstone deposits 
is more nearly correctly shown. Of min
eralogical interest only is one soapstone 
deposit located one-half mile due west of 
locality Bl-23 in which long slender clear 
green actinolite crystals have developed. 
Also of interest but of little utility are a 
number of small soapstone inclusions 
within the serpentine, many of which have 
through deformation changed to a trans
lucent wavy structured talc. 

A deposit of soapstone located on a 
small hill east of Comanche Creek (fig. 
23) has been quarried for local use. This 
deposit (5-53A) and others shown in fig. 
23 are in Packsaddle schist inclusions 
which have been surrounded by Big 
Branch gneiss. The soapstone is composed 
predominantly of talc, chlorite, and tremo
lite. Talc is by far the most abundant 
mineral and is present as leafy scales 
arranged at random and overlapping to 
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such an extent in thin section that the 
optical properties are difficult to determine. 
The chlorite is of negative optical char
acter, has a mean index of refraction of 
about 1.595, and is, therefore, delessite. 
Tremolite is the least abundant mineral 
of the three and is arranged in sheaves. 
These minerals vary in relative abundance 
throughout the rock. Magnetite is present 
in very small amounts, and a finely divided 
mineral resembling apatite is present 
chiefly in the chlorite. 

Fig. 23 overlaps the southeast corner 
of fig. 22. When fig. 22 was being made, 
most of the time was spent in mapping the 
serpentine, and aerial photographs were 
not available for a portion of the area 
shown in fig. 23; consequently the area 
southeast of Comanche Creek was not de
tailed and was shown as Big Branch gneiss. 
In fig. 23, which was mapped later, the 
areas covered by fans and by outcropping 
Packsaddle schist, serpentine, and soap
stone have been mapped separately from 
the Big Branch gneiss. An area of Cam
brian rocks is shown in fig. 23 separated 
from the pre-Cambrian rocks by a fault. 
A sliver of Cap Mountain limestone is 
dragged off along the fault, and the rest 
of the area mapped is Pedernales dolo
mite. A cave located in the sharply 
tilted Pedernales dolomite beds near the 
fault is frequented by many bats, and a 
small amount of guano is collected from 
the cave during the winters. 

Two small soapstone deposits are 
located in the area between figures 13 
and 23, and their position is indicated at 
locality B of fig. 12, just within the eastern 
Gillespie County boundary line. The de· 
posits are rather small and impure. Other 
small impure deposits of soapstone are 
located along Youngblood Creek in the 
vicinity of the serpentine deposit described 
earlier (fig. 35) and for a distance of 
about one-half mile along Youngblood 
Creek to the north. None of these de
posits were sampled. They are all either 
inclusions within the Big Branch gneiss 
or are in Packsaddle schist which is in
cluded within the gneiss. 

The greater portion of the soapstone 
discussed in this section is located in the 

area shown in fig. 24. The main belt of 
soapstone outcrops is located in the vicin
ity of the county corner, and deposits are 
located in all three counties. The belt is 
about 1 l/2 miles in length with the better 
and larger deposits located at each end 
and the smaller and more impure soap· 
stone located in the central part of the 
belt. The deposits are numerous and are 
arranged in swirls as if beds of soapstone 
had been highly folded with attenuation of 
the soapstone in places and thickening in 
others. The distribution of the deposits 
in many respects, however, is similar to 
that of the sills of diorite and hornblendite 
in the eastern and northern part of the 
area, suggesting that the soapstone may 
have originated from similar igneous 
bodies. Some soapstone has been quar
ried in the vicinity of locality 3- 38H. 

The hornblendite deposits partially 
altered to chlorite and talc, localities l-2E 
and l-2F, Gillespie County, mentioned on 
page 59, are very closely associated with 
the soapstone. The relationship in this 
area could not be easily ascertained be
cause of a very thick bee brush and 
cedar cover as well as loose rubble of 
rocks. The soapstone deposits in this 
area are indicated by dashes on the map 
to show their presence but not their posi· 
tion. A close examination in the vicinity 
of locality l-2E should be made using 
artificial exposures in order to ascertain 
if the soapstone is gradational into the 
partially altered hornblendite. 

Two smaller belts of soapstone deposits 
are located a little more than a mile 
north of the one just described. One belt 
is in the form of an S-curve and is about 
1800 feet long ; the other belt is nearly 
straight and is about 3300 feet long. To 
the west of Coal Creek and about one-half 
mile to the northwest is another belt of 
very tremolitic, iron-stained soapstone 
which is of little value. Some of the better 
deposits of the area west of Coal Creek are 
those located at 3-38G, 3-38N, and 400 
feet northeast of locality 3-38M. Other 
small soapstone deposits such as those 
located at 3-45A, on the county line, and 
near the fault in the northwestern part of 
fig. 24 are of small size and in part are 
impure. 
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A few isolated deposits of soapstone are 
located in the area shown in the eastern 
part of fig. 24. Two of these, 3-31A and 
5--SOA, have been sampled. Most of these 
deposits are small and of little value. 

The mineral composition as determined 
from powdered samples of the various de
posits is given in Table 7. Locality num
bers are the same as those shown in fig. 24. 

Table 7. Mineral composition of soapstone 
samples in the Coal Creek area. 

., 
-~ ·E -0 

·E = -0 ., 
0 " ~:a E = ~ 

0 .. ., = " ::2 "' ..=: ~ k ;:;; E-< E-< u <..c 
Blanco County 

5-SOA ------- ---- x 
5-58B -------------- x x 

Gillespie County 
l-2C ------·----------- x 
l-2D --------------- x / 
l-2E* - --------------- I I x 
l-2F* -------- ---------- I I x 

Llano County 
3-31A -------------- x 
3-37B ----------------- x 
3-37C -------------· ··· x I 
3-37G ------------------ x 
3-37H - ----------- I x 
3-38A ------------- x 
3-38G - -------------- x I 
3-38H ------------------ x 
3-381 ---------------- · x 
3-38M --------------- x 
3-38N --------------- x 
3--45A ------------- --- x 
•Altered hornblendite samples included for companion. 

Thin sections were made of four sam· 
ples included in the above table. Sample 
3-37H is predominantly a matted tremo· 
lite aggregate with some sheaf-like groups 
of tremolite. It contains some talc and 
chlorite and an occasional grain or group 
of grains of magnetite which appear to be 
crystal aggregates. Sample 3-38G is pre
dominantly scaly talc with numerous 
sheaf-like aggregates of tremolite scattered 
throughout. A very small amount of 
chlorite and a few small groups of grains 
of magnetite are scattered throughout the 
section. Sample 3-381 is composed pre
dominantly of scaly talc and some plates 
of talc. Tremolite and chlorite are rather 
plentiful, and a few crystals of magnetite 
are present. Sample 3-38N is composed 

almost entirely of both scaly talc and platy 
talc. Some chlorite and a few needles of 
tremolite are present. Magnetite groups are 
composed of many small crystals, and the 
groups are irregularly distributed through
out the rock. 

All of the soapstone shown in fig. 24 is 
in Packsaddle schist, and the alignment 
of many of the deposits suggests that some 
zone in the Packsaddle could be the 
source bed. Alignment, however, is no 
criterion as is shown by the alignment of 
sills in the northern and eastern part of 
the area. The mineralogical changes 
which are shown to take place in the 
alteration of hornblendite suggest that at 
least some of the soapstone has formed 
from rocks of similar composition. 

In mapping this area, aerial photo· 
graphs, scale 660 feet equals 1 inch, were 
used as a base. On such a base the detail 
that can be shown is limited, and in many 
places the soapstone deposits have been 
somewhat generalized in shape. The map· 
ping of structure in the area was largely 
omitted, enough observations being taken 
to establish some of the general trends. 
In order to map the structure in approxi
mate detail, the drainage lines would have 
to be carefully followed to find outcrops. 
In the present mapping the rocks of special 
interest are resistant to weathering and 
stand high and consequently are mostly 
away from drainages. Outcrops in the 
high areas are scarce and those present, 
such as the soapstone and igneous rocks, 
give little information about their atti· 
tudes. On fig. 24 the Packsaddle schist 
is represented by a linear symbol which 
was made to conform to the strike where 
recorded and to the direction of elonga
tion of the soapstone deposits and the 
igneous sills. The symbol in general rep
resents the larger structural features of 
the area, but none of the local structural 
detail, of which there is an abundance, is 
shown on this map. 

Without the detailed mapping and meas
uring of the size of individual deposits, 
as was done by Mathis in the Big Branch 
area, an estimate of the amount of soap
stone present can not accurately be made. 
Probably as much soapstone is shown in 
fig. 24 as Mathis estimated for the Big 
Branch area, and possibly half as much 
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soapstone is contained in the areas shown 
in figures 21, 22, and 23. 

OXFORD AREA OF LLANO COUNTY 

LOCATION 

The soapstone in the Oxford area is 
covered by two maps, fig. 25 north of 
Oxford and fig. 26 (in pocket) east of Ox
ford. North of Oxford, soapstone and ser-

Fig. 25. Geologic map of the soapstone and ser
pentine deposits north of Oxford, Llano County, 
Texas. 

pen tine are close! y associated, and in the 
other area soapstone only is found. The 
area. north of Oxford is about 1 mile long 
and is located from 8 to 9 miles from Llano 
which is the nearest point on a railroad. 
This series of deposits is the most favor
ably located of any mapped in the Llano 
uplift. All of the deposits are within a 
quarter of a mile of the paved Llano
Fredericksburg highway. The deposits 
east of Oxford are somewhat farther from 
both the highway and the railroad. 

DESCRIPTION OF DEPOSITS 

The surface mapping in fig. 26 is much 
generalized, and the Packsaddle schist in 
the eastern part of the area contains many 
marble bands only parts of a few of which 
are shown. The soapstone in both areas is 
very near to the gradational Packsaddle 
schist-Valley Spring gneiss boundary and 
is mostly situated in the light-colored 
gneiss. The soapstone of the two areas 
may connect beneath the cover of Paleo· 
zoic rocks shown in the northern part of 
fig. 26. 

Serpentine granules for surfacing roads 
have been produced from the quarry near 
the center of the area shown in fig. 25. 
The road surface produced is an attractive 
green which does not glare in the sunlight 
and which is still light enough in color 
to furnish good visibility at night. The 
use of serpentine for road granules has 
been discontinued. The reason for dis
continuing its use is not readily apparent, 
unless it is that the serpentine is not 
strongly held by the binder. Evidence for 
this was seen on the Bell Mountain grade 
where chains had been used in slick 
weather; at each place where the cross 
links touched the surface the serpentine 
granules were missing. 

The serpentine from the road material 
pit is composed predominantly of ser
pentine and a rather large amount of 
magnetite. The serpentine varies con
siderably in structure and optical prop
erties, suggesting that it has formed 
from more than one mineral. Several 
blades of serpentine up to 1 cm. in length 
have a higher and more variable hire· 
fringence than does most of the serpentine. 
This mineral appears to have been orig· 
inally one of the amphiboles. Some areas 
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of magnetite arranged in the manner of 
Schiller inclusions suggest that enstatite 
or hypersthene may also have been one 
of the original minerals. Much of the 
serpentine has a net structure which gives 
very little indication of the original min
erals. Much of the magnetite of the 
serpentine is in grains, and the rest is in a 
form suggestive of Schiller structure. No 
secondary magnetite produced during ser
pentinization was recognized. 

Another thin section from the north· 
westernmost serpentine mass is composed 
predominantly of serpentine minerals. A 
small amount of talc is present, most of 
which has a shredded appearance with 
serpentine developing around the edges 
and along the cleavages. The serpentine 
in many of the talc areas is stained by a 
limonitic-appearing material. Magnetite 
is rather abundant mostly as original 
grains, some of which have been broken, 
with serpentine penetrating the cracks. 
Only a very small amount of secondary 
magnetite is present. The serpentine is of 
a network type and does not give much 
indication of the original mineral from 
which it was formed. 

Some vermiculite has been produced at 
the northern end of the serpentine mass 
at locality 5-30H. The vermiculite is 
mostly situated along the border of the 
serpentine mass and in a small area of 
Packsaddle schist. Prospect holes in this 
area uncover masses of coarse-flaked 
vermiculite which mostly are small and ir
regularly distributed and consequently ex
pensive to produce. 

The largest serpentine mass is only 
about 200 by 600 feet in size, and the 
next in size, in which the road material pit 
is located, is slightly smaller. These 
masses are rather small, and only a lim
ited amount of serpentine could be ob
tained from them. Inclusions are rather 
numerous in the serpentine, and in general 
it is not suited for anything except 
granules. 

The soapstone of the northern area 
(fig. 25) is in part closely associated with 
serpentine and in part is rather far re
moved from serpentine outcrops. Two 
bands of soapstone ranging from 100 to 
400 feet apart comprise the deposits shown 

in figure 25. The serpentine where pres
ent is located between the two bands of 
soapstone, with one exception, namely, the 
serpentine in the vicinity of the vermicu
lite pit. Some soapstone for local use 
has been quarried at locality 5-30A. 

The soapstone shown in fig. 26 is mostly 
in small deposits located rather far apart 
with the e'Xception of the group of deposits 
near the south side of the map. No ser
pentine was seen in this area. 

The mineral composition of the soap
stone samples from localities shown in 
figures 25 and 26 is given in Table 8. 

Table 8. Mineral composition of soapstone 
samples from Oxford area, Llano County. 

.s 
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5-20B ---------------- x 
5-30A ------------------ x 
5-30B ----------------- x 
5-30D --------- ------ x 
5-30E ----------------- x 
5-30F --- ------------- x 
5-30G ------------------ x 
6-lOA ----- ------------ x 
6-lOB - --------------- x I 
6-llA -------------- ---- x 
6-llB ----------------- x 

Thin sections were not made of soap· 
stones in the Oxford area. One thin sec
tion was made, however, of a siliceous
ferruginous mass (5-30C) located at the 
southern end of the soapstone belt of 
fig. 25. The rock is predominantly a 
mosaic of quartz with many shreds of 
limonitic material which are all that re· 
mains of the original rock except a few 
chlorite fragments. The shape and posi
tion of the mass and the mineral charac· 
teristics of the rock suggest that it was 
originally a soapstone deposit which has 
been replaced by quartz, with the removal 
of all the constituents except iron, which 
remains as a limonitic residue, and some 
chlorite flakes. Many of the limonitic 
shreds are continuous across grain bound
aries;, producing a ghost outline of the 
origi1!-al co~stituents with the quartz 
mosaic superimposed upon it. One other 
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occurrence of this type was examined in 
Gillespie County near the western end of 
the big serpentine mass. Replacement 
was not quite so complete, and some shreds 
of talc remained. 

The presence of anthophyllite was not 
noted in the soapstone of the Big Branch
Coal Creek area. Its presence in some of 
the soapstones of the Oxford area and 
those described later is here noted for the 
first time. Anthophyllite is a fibrous min
eral having many of the physical charac
teristics of tremolite and should affect 
the soapstone grade in about the same 
manner. It has a tendency to be some
what more colored than tremolite and 
might in this way cause the ground prod
uct to be a little darker in color. 

The amount of soapstone in the Oxford 
area is small in comparison to the amount 
in the Big Branch-Coal Creek arer.. 
Enough is present, however, to justify its 
use providing an outlet is developed for 
material of this grade. 

LEGION CREEK AND CRABAPPLE CREEK AREAS OF 

GILLESPIE AND LLANO COUNTIES 

The soapstone and serpentine here de
scribed are located in Gillespie and Llano 
counties, and the majority is west of the 
Llano-Fredericksburg highway. Fig. 27 
is of an area within Gillespie County and 
includes the highway at the foot of the 
Bell Mountain grade. Most of the soap
stone is located about 1 mile west of the 
highway and 22 miles by road from Llano. 
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Fig. 27. Geologic map of the soapstone and serp entine deposits in the Legion Creek area, Gillespie 
County, Texas. 
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Three small deposits of soapstone are 
located about 1000 feet east of the road. 
All of the serpentine shown in fig. 27 is 
located in the western part of the map and 
in general is not closely associated with 
the soapstone. Three small deposits 
originally mapped as tremolite are prob· 
ably all anthophyllite on the basis of the 
examination of one sample from the de· 
posit at locality 4-8A. The serpentine in 
general is rather impure and of little 
value. The soapstone deposits are small, 
and only a small tonnage could be pro· 
duced from them. The soapstone, ser· 
pentine, and anthophyllite, as in the Ox· 
ford area, are near the gradational Pack
saddle schist-Valley Spring gneiss con· 
tact and within rocks definitely of the 
Valley Spring gneiss type. The edge Qf 
the Legion Creek granite mass and off
shoots of the mass are shown in fig. 27. 
The Valley Spring gneiss near the granite 
border stands vertical, and to the west 
the dip flattens, and a syncline with Pack· 
saddle schist in it is formed. The Pack
saddle schist and the Valley Spring gneiss 
are cut by the igneous Big Branch gneiss, 
and all of the rocks are intruded by the 
Legion Creek granite and its derivatives. 

Fig. 28 straddles Crabapple Creek and 
the Llano-Gillespie County line and is 
south of the road leading from the Llano
Fredericksburg highway to Enchanted 
Rock. It is about 21 miles from Llano. 
The serpentine is all located within Gil
lespie County and mostly east of Crab
apple Creek. The deposits are irregular 
in outline and are in a mile-long belt. 
All of the soapstone in this portion of the 
area is associated with the serpentine 
mostly as extremely small deposits at the 
serpentine margin and within the ser
pentine mass. The serpentine is impure, 
containing many inclusions, and in general 
is of little value. Another similar but 
smaller outcrop of serpentine is located 
south of the area shown in fig. 28. Its 
location is shown at locality C of fig. 12, 
and only a small amount of soapstone is 
associated with it. 

The main soapstone area of fig. 28 ex
tends northwest from milepost 10 on the 
county line and is mostly within Llano 
County. The soapstone is not associated 

with serpentine except at the extreme 
southeastern end of the outcrop belt, and 
the masses are large enough to be pro
duced. The soapstone in this portion of 
the figure is near the gradational Pack· 
saddle schist-Valley Spring gneiss bound
ary but unlike the previous areas de
scribed is within rocks of Packsaddle 
schist type. All of the rocks of the area 
are intruded by a medium-grained gray 
granite which belongs to the pink coarse
grained Legion Creek granite but has been 
changed in character by the assimilation 
of much Packsaddle schist. 

Fig. 29 is a map of the soapstone
serpentine deposits located a short dis· 
tance northwest of the area covered by 
fig. 28 and probably is a continuation of 
the same zone. The serpentine deposits 
are small, have irregular boundaries, and 
in general are similar to those located in 
fig. 28. The soapstone associated with 
the serpentine is mostly in small deposits 
of little value. The largest soapstone de
posits in the area are at localities 6--37C 
and 6--37D. The soapstone is all within 
the Packsaddle schist and somewhat 
farther from the Valley Spring gneiss 
boundary than are the previously described 
deposits. 

The composition of the soapstone de
posits sampled is given in Table 9. 

Table 9. Mineral composition of soapstone sam
ples from Legion and Crabapple Creek 

area, Gillespie County. 
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Fig. 29. Geologic map of the soapstone and serpentine deposits in the Keener Branch area of Llano 
County, Texas. 

Anthophyllite becomes more prominent 
in this area than in any yet described, and 
tremolite becomes less conspicuous. Thin 
sections were not made of these rocks; 
consequent! y the relation of the talc and 
anthophyllite to each other is unknown. 

MISCELLANEOUS LOCALITIES 

An impure deposit of soapstone, lo
cality 3-2B, is located about 4.5 miles 
south of Kingsland (fig. 30, in pocket), 
and a sample collected from this lo
cality is described in a publication 
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on building stone.7 The soapstone is 
light buff in color with some glitter 
from the talc scales. It is composed 
predominantly of talc with enough 
quartz and tourmaline in it to give it a 
distinctly gritty feel. This sample is from 
the eastern end of a 2000-foot long contact 
silicate zone closely associated with 
marble. The chief silicate is tremolite; 
and local concentrations of talc are pres
ent in the vicinity of the north-south fence 
which crosses the contact silicate zone. 
The talc, in part coarsely crystalline with 
some plates as much as 2 inches across, is 
in relatively pure bands mostly only a 
few inches thick. Tremolite is by far 
the most predominant mineral in this zone 
and is in part of random orientation and 
in part forms radiating groups. Talc is 
more abundant at the eastern end of the 
outcrop area and becomes progressively 
less abundant to the west. Another sim
ilar mile-long band of silicates is located 
a quarter of a mile to the west, and talc 
if present is not recognizable in the out
crop. The soapstone at this locality varies 
too much in mineral composition, con
tains too much grit, and is too limited in 
extent to be of much value. 

The location of another soapstone deposit 
2 miles south of Kingsland is shown at 
2-IOB in fig. 30. The soapstone is a µortion 
of an 800-foot contact silicate band which 
varies from rather pure talc at the north
western end to almost pure tremolite at 
the southeastern end. The deposit ap
pears to be about 4 feet thick, and only a 
few hundred tons of soapstone is present. 
A powdered sample of the soapstone is 
predominantly talc, and a small quantity 
of rutile, zircon, and other high index, 
hard minerals is present giving the soap
stone a slightly gritty feel. A powdered 
sample (2-lOG) from near the other end 
of the contact silicate band is predomi· 
nantly tremolite with a small quantity of 
high index minerals. The quantity of soap· 
stone at this locality is too small to be 
economically produced. 

In connection with the mapping of 
the Smoothingiron granite mass in north
western Llano County, two small talc de-

'1Barnea, V. E., Dawson, R. F., and Parkinson, G. A., 
R11ildinv: stonc1 of cen tral Texae: Univ, Texas Pub. 4246 
(in pre11). 

posits were brought to the notice of the 
writer by residents of the area. One of 
these is located three-quarters of a mile 
south-southwest of Rough Mountain and 
250 feet southeast of the road corner. 
The other locality is 8400 feet northeast 
of Esbon School, 5600 feet east of the 
road leading north from Esbon School, and 
1300 feet south of San Fernando Creek. 
At this locality only a few boulders of talc 
are located in the soil near the western 
edge of a field. A powdered sample is 
composed mostly of talc and some garnet 
which gives it a distinctly gritty feel. 
Only a few square feet of talc outcrops, 
and neither locality has more than a few 
hundred pounds of the material present. 
These occurrences are mentioned mainly 
to make known the lack of commercial 
deposits at these localities, since knowl
edge of their existence is rather wide
spread. 

Two other deposits of soapstone in 
Mason County are mentioned in the pub
lication on building stones referred to 
previously. These deposits are composed 
predominantly of tremolite, talc, and 
chlorite, are poorly exposed, and probably 
are of little value. The soapstone has 
been used locally for lining hearths. 

USES OF SOAPSTONE 

Soapstone has a great number of uses. 
However, any one deposit will not be 
suitable for all the uses enumernted. 
Johnson• lists the following uses for 
ground talc, pyrophyllite, and soapstone: 

Talc serves the paint industry principally as 
an extender although in some paints it is the 
principal pi~ment. The fibrous talc ( ashestine) . 
a mixture of tremolite fibers and talc, is used 
largely in cold-water paint, the fibers of tremo
lite bonding the paint film. Flake talc and pyro
phyllite are also incorporated in paints. 

White, fine-grained talcs are used for loading 
the better grades of paper. The low-priced, off
color, low-grade talcs and pyrophyllite are used 
to form an inert, fireproof, weather-resisting coat· 
ing for roofing papers. 

Talc and pyrophyllite enter the ceramic indus· 
try in considerable quantities. Calcined talc 
("lava") meets the special requirements of the 
electrical and refractory industries, being sold 
either as calcined sawed and machined block 
material or compounded from talc and silicate 

SJohnaon, B. L. , Marketing talc , prophyllite, and ground 
eoapstonc: U.S. Bur. Mince, Inf, Cir. 7080, pp. 2-3, 1939. 
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of soda, and then pressed into blocks and cal
cined. An importaut use of talc in the ceramic 
industry is in the preparation of sagger bodies. 
Considerable quantities of talc are sold to wall
tile and whiteware manufacturers, who also util· 
ize pyrophyllite. 

Various industries needing fillers utilize talc, 
pyrophyllite, and ground soapstone. Rubber man· 
ufacturers are said to take the largest amounts 
for use either as a filler or as a lubricant. Smaller 
quantities are used by the makers of asbestos 
goods, floorings, wall plasters, insecticides, ropes, 
and plastics. 

The lubricating properties of talc, pyrophyllite, 
and ground soapstone are utilized in many in
dustries. Manufacturers of cup greases, foundry 
castings, rubber tires, bottles, and candy and users 
of box-nailing machinery and dies of various kinds 
consume small quantities. 

Talc is the principal base in various toilet 
preparations, but this use is very small compared 
with total talc consumption. Some pyrophyllite 
has been used. Fine, pure-white material is re· 
quired for this use. 

Talc is used for abrasive or polishing purposes 
where the material to be polished is soft, such as 
peanuts or coffee beans, or where the dirt is to 
be removed from a soft underlying material, such 
as marble or lacquer. 

Soapstone is used in limited quantities 
as a building material. Because of its 
physical properties, resistance to weather
ing, chemical stability, workability, and 
light color, it is admirably fitted for 
making laundry tubs, sinks, aquariums, 
wainscoting, mantels, baseboards, stair 
treads, tiles, spandrels, laboratory table 
tops and sinks, hoods, ovens, acid tanks, 
vats, trays, development tanks for photo
graphs and blue prints, drains, and furnace 
blocks. Some soapstones are desirable for 
electrical insulation units such as switch
boards, panels, barriers, fuse guards, fuses, 
circuit-breaker compartments, insulating 
floor slabs, battery-room flooring or shelv
ing, and similar products. Soapstone 
resists and retains heat to a high de~ee and 
for this reason is used for griddles, foot 
warmers, fireless cooker stones, and for 
linings of fireplaces, hearths, and furnaces. 

The soapstone of this region has been 
used mostly for fireplace and hearth lin
ings with very satisfactory results. A use 
not noted above, which was common in 
this area before the introduction of modern 
gates, is the use of soapstone as bearing 
blocks for pole gates. 

Deposits of anthophyllite and tremo
lite have been described in this paper. 

Tremolite and actinolite form a continu
ous series of minerals between which there 
is no sharp dividing line, and some of the 
deposits described may contain sufficient 
iron to be classified as actinolite. The 
general characteristics of these minerals 
and their uses as given by Ross• are as 
follows : 

Anthophyllite is a silicate of, essentially, mag
nesium and iron, having the chemical formula 
(MgFe)SiOs, often with some replacement by 
aluminum and calcium. It occurs as mass fiber, 
the crystals being unoriented and interlacing; 
sometimes, in a radial arrangement. Commonly 
it is grayish white; occasionally, shades of green 
or blue. The fiber of this species is usually brit· 
tle, although sometimes it has considerable 
strength and toughness. It cannot, however, be 
considered of spinning quality, and its chief use 
is for insulation, in cement or plaster, or in the 
manufacture of paint. A certain short-fibered 
variety known as microasbestos-probably antho· 
nhvllite--is used with cement or asphalt in road 
building. 

Tremolite is a calcium-magnesium silicate 
( CaMga. (SiO,) .) . It occurs in masses of white 
to dark gray columnar or bladelike crystals, which 
generally are brittle, and are used principally 
for wall insulation or certain cemented products. 
This mineral has been found, however, occurring 
as fibers of sufficient length and flexibility to be 
of spinning grade. As it has particularly good 
acid-resisting quality, it is especially suited to 
the manufacture of filter pads, used in filtering 
fruit juices and acids. 

Actinolite is similar in appearance to tremo
lite, but contains iron replacing some of the mag· 
nesium (Ca (Mg.Fe) ,, (SiO,) .) . It sometimes oc
curs as bright green or grayish green fibrous 
masses. The filaments are too brittle for spin· 
ning purposes, but are highly resistant to heat 
and acids; it is otherwise employed for the 
same uses as tremolite. 

Table 10, compiled from the U. S. 
Bureau of Mines Minerals Yearbooks for 
1940 and 1941, lists the amount of soap· 
stone used by the chief soapstone-using 
industries of the United States. 

The soapstone of central Texas will 
meet the requirements for many of the 
above uses. However, insufficient testing 
and grading have been done to specify 
the uses for which the various types are 
especially suited. The grades of soap
stone vary widely, and any concern con· 
templating production should submit sam
ples to prospective purchasers of the 
material. 

9Ross, J. G., Asb"stos, in Industrial Minerals and Rocks, 
p. 77, Amer. Inat. Min. Met. Engr., New York, 1937. 
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Table 10. Talc, pyrophyllite, and ground soapstone sold by producers in the United States, 
1938- 1941, by uses. 

1938 1939 1940 
Use Sh. tons % Sh. tons % Sh. tons % 

Paint ------------------ 53,506 25 67,859 27 67,875 24 
Ceramics - --------------- 29,590 14 38,407 15 48,661 18 
Rubber ---··--------- 25,374 12 31,078 12 28,501 10 
Roofing -------------------- 26,607 13 30,177 12 34,347 12 
Paper ------------ 27,329 13 9,672 12 31,657 11 
Toilet preparations __ 5,970 3 (1) 4 8,818 3 
Insecticides --------- (1) 3,986 (1) 
Foundry facings _ 2,511 (1) 2 5,532 2 
Crayons -------------- (1 ) 12,918 1,829 1 
Other uses reported 

(2) --------------- 20,732 10 29,363 5 29,502 10 
Use not reponed ______ 20,156 9 11 24,653 9 

212,775 100 253,976 100 281,375(3) 100 

(1) Included under ••other uaet reponed." 
(2) 1938 and 1939 : crayon•, bleaching, in1ecticides, pl aster, textiles, and other minor uses. 

1940: bleaching, inaecticidet, plaiter, refractory, textile, and other minor u1e1. 
1941: bleaching, in1ulation, lubricants, refractory, textile, and other minor uses. 

(S) IDclud .. plnlte. 

1941 
Sh. tons % 
120,319 29 
78,990 19 
58,114 14 
40,605 10 
37,884 9 
21,119 5 
10,479 2 
6,705 2 
3,186 1 

24,280 6 
14,688 3 

416,369( 3) 100 
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The U. S. Bureau of Mines Minerals 
Yearbook for 1940, page 1325, contains 
the following statement: 

There are no generally accepted standard speci
fications, but the largest quantity of talc is sold 
on the basis of previously satisfactory material 
or plant tests. Chemical analysis are of inter· 
est, but physical tests pertinent to the particular 
trade, such as size and shape of grain, color, 
slip, retention, oil-absorption index, bonding 
strength, melting points, and vitrification range, 
usually are more significant. 

The mineral composition of the central 
Texas soapstones varies widely. Therefore, 
an industry based on soapstone in this 
area will have a wide choice of raw ma
terials. 

SALES AND PRICES OF SOAPSTONE 

The U. S. Bureau of Mines Minerals 
Yearbook for 1941, page 1392, contains 
the following table (Table 11) showing 

Table 11. Talc, pyrophyllite, and ground soapstone sold by producers in the United States, 
1937-1941, br classes. 

Crude Sawed and manufaciured 

Value at Value at 

Shon 
shipping point 

Shon 
shipping point 

Year tons Total Average Tons Total Average 

1937 11,087 $ 52,750 4.76 1,101 $ 111,680 101.44 
1938 13,498 72,845 5.40 1,729 70,268 40.64 
1939 15.722 R2. Hl8 5.23 1,871 77,915 41.64 
1940 17,724. 118,424. 6.68. 1,894 140,565 74.22 
1941 43.823• 393,839. 8.99• 4,186 308,467 73.69 

Ground Total 

Value at Value at 

Shon 
shipping point 

Shon 
shipping point 

Year tons Total Average Tons Total Average 

1937 217,811 $2,397.323 11.01 229,999 $2,561,753 11.14 
1938 197,548 2,159,447 10.93 212,775 2,302,560 10.82 
1939 236,383 2,540,731 10.75 253,976 2,700,834 10.63 
1940 261,757 2,749,331 10.50 281,375 3,008,320 10.69 
1941 368,360 3,999,586 10.86 416,369 4,701,892 11.29 

•Jncludet pinite from Nevada. 
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the amount and value of talc, pyrophyllite, 
and ground soapstone sold by producers 
in the United States for a 5-year period, 
by classes. 

Johnson10 reviews the prices on talc, 
pyrophyllite, and ground soapstone as 
follows : 

Talc is a relatively low-priced commodity. 
The average value per ton of all grades of talc, 
pyrophyllite, and ground soapstone, f.o.b. mills, 
in the last ten years has ranged between $10.43 
and $12.50 per short ton, dropping from the lat
ter figure in 1928 to the former in 1933 and 
rising to $11.14 a ton in 1937. Talcs suitable 
for manufacturing into blanks for insulators and 
gas burner tips ("lava-grade" talc) and for mak· 
ing crayons and pencils command the highest 
prices. High-grade "lava talc," lumps, may sell 
for as much as 6 cents a pound, and the various 
forms of sawed talc are said to sell generally 
for at least $100 to $150 a ton, but some of 
these materials are reported at times to have sold 
as high as $800 a ton. 

Prices on other kinds of domestic talc, pyro
phyllite, and ground soapstone are generally much 
lower. Virginia crude is quoted at $4 a ton. 
Domestic ground talcs, except toilet grade, nor· 
mally range in price between $4 and $20 a ton, 
according to quality and fineness. Much domestic 
roofing talc, 20 to 50 mesh, is said to have sold 
as low as $4 a ton f.o.b mill. Quotations on finer 
ground domestic talcs, f.o.b. works, carload lots, 
are about as follows in 1939: 

Virginia talc, 200 mesh ...................... $ 4. 75-$ 5.50 
Virginia talc, 325 mesh ...................... $ 6.25-$ 7.00 
Georgia talc, 200 mesh ........ _. _____________ $ 6.00 
Georgia talc, 300 mesh ........................ $ 7.50--$10.00 
Vermont talc, 200 mesh ..................... $ 8.00-$14.00 
New York talc, 325 mesh ................ $11.00--$17.00 
California --------------- -------- ··················----Sl 7.00-$20.00 

Ground soapstone is generally quoted around 
$5 a ton for 200 mesh and up to $7 a ton for 
325 mesh f.o.b. Virginia plant. Vermont soap
stone quotations f.o.b. plant are about $10 to 
$12 a ton. 

Current price quotations of talc, pyrophyllite, 
and ground soapstone are carried in the follow
ing trade journals: 

1. Oil, Paint, and Drug Reporter (weekly) . 
2. Engineering and Mining Journal (monthly). 
3. Chemical Industries (monthly) . 
4. Chemical and Metallurgical Engineering 

(monthly). 
5. Canadian Chemistry and Process Industries 

(monthly). 
Soapstone quotations are carried in Chemical 

and Metallurgical Engineering and pyrophyllite 
quotations are carried in the Oil, Paint, and 
Drug Reporter. The basis for the quotations 
and also the prices vary considerably in the dif
ferent journals. 

No current prices on crude (except Virginia 
crude) or sawed and manufactured talc or pyro
phyllite are carried in the trade journals, quo· 

lOJohn1on. B. L., op. cit., pp. 6-7. 

tations being obtainable only from producers, 
manufacturers, or dealers in these materials. 

E & M J Metal and Mineral Markets, 
October 21, 1943, carries the following 
quotations on talc: 

TALC-per ton, carload lots, f.o.b. works, con
tainers included unless otherwise specified: 

Georgia: 98 per cent through 200 mesh, gray, 
$6 ; white, $8, packed in pa per bags. 

New Jersey: Mineral pulp, ground, $8.50@ 
$10.50, bags extra. 

New York: Double air-floated, short fiber, 325 
mesh, $12 @ $15. 

Vermont : 100 per cent through 200 mesh, 
extra white, bulk basis, $11.00; 991(,i per cent 
through 200 mesh, medium white, $9.50 @ $10.50. 
Packed in paper bags, $1.50 per ton extra. 

Virginia: 200 mesh, $5.50 @ $6.25 ; 325 mesh, 
$7.00@$7.75; crude, $4.25 @ $4.50. 

As can be seen by a study of the fore
going sales and prices, ground soapstone, 
pyrophyllite, and talc constitute about 91 
per cent of the United States sales and 
average about $10.81 per ton. This 
average includes high-priced, high-grade 
white talcs, of which there is none known 
in the Central Mineral region of Texas. 
Crude materi~ls sold including pinite, 
about 5 per cent of the United States sales, 
average $6.19 per ton. Soapstone is a 
low-priced commodity, and considering 
the location of the Central Mineral region 
deposits, especially those in Gillespie 
County, 30 miles from the nearest rail
road, the small average size of each lens, 
and the uncertain quality of the material, 
it is apparent that the royalty to the land
owner must be low on a per ton basis if 
the soapstone is to be produced. 

The largest markets for soapstone are 
in the northeastern United States and 
along the Pacific Coast. These areas are 
capable of producing all the soapstone 
required locally. Consequently, higher 
transportation charges will prevent cen
tral Texas soapstones from competing with 
the soapstone of these areas. The use of 
central Texas soapstones will, therefore, 
be mostly limited to a small group of 
Southern States. 

BUYERS OF SOAPSTONE 

Johnson11 lists "Buyers of unmanufac
tured talc, pyrophyllite, and soapstone," 
"Buyers of ground talc, pyrophyllite, and 

11Johnson, B. L .. op. cit., pp. 7-13. 



Texas Mineral Resources 91 

soapstone," "Unclassified reported buyers 
of talc, pyrophyllite, or ground soapstone," 
and "Buyers of soapstone." The last 
group, "Buyers of soapstone," is listed 
here for ready reference. 

California: Commercial Minerals Co., San 
Francisco; Pacific Minerals Co., Ltd., Richmond. 

Illinois (Chicago) : J as. B. Clow & Sons, 2338 
S. Western Ave.; Jas. H. Rhodes & Co., 153 W. 
Austin Ave. 

Michigan: Cummings, Moore Graphite Co., 
1636 Green St., Detroit. 

Missouri: D. C. Adams Crayon Mfg. Co., 125 
Market St., St. Louis. 

New York: Insulation Mfg. Co., Inc., 15 New 
York Ave., Brooklyn. 

New York City: The Barrett Co., 4-0 Rector 
St. (soapstone talc) ; Binney & Smith Co., 44 
East 43d St.; Crystal Co., Inc., 13 Park Place; 
General Mineral Co., 96-104 Spring St.; Thomas 
Stanley, Inc., 473 Canal St. 

North Carolina: Georgia Talc Co., Asheville. 
Ohio: Goodyear Tire & Rubber Co., Akron. 
Pennsylvania: Chas. A. Wagner Co., Inc., 811 

Callowhill, Philadelphia. 
Tennessee: D. M. Steward Mfg. Co., Chatta· 

nooga. 
Virginia : F. G. Hoffman, Claremont. 

SOAPSTONE LITERATURE 

A bibliography of the more important 
references on soapstone would number 
several hundred items. Anyone wishing 
to become more familiar with the soap
stone literature should consult the Min
erals Yearbooks issued annually by the 
United States Bureau of Mines, U. S. 
Bureau of Mines Information Circular No. 
7080, and Joseph L. Gillson's chapter on 
"Talc, Soapstone, and Pyrophyllite," in 
Industrial Minerals and Rocks, pages 873-
892, published by the American Institute 
of Mining and Metallurgical Engineers, 
New York, N.Y., 1937. This authoritative 
article has a bibliography of 96 items 
arranged under main headings such as 
"General," "Mineralogy," "Talc in Ore 
Deposits," "Talc Resources," "Marketing 
and Uses," "Silicosis Hazards," and 
"Milling." 





FELDSPAR IN THE CENTRAL MINERAL REGION OF TEXAS 

VIRGIL E. BARNES 

INTRODUCTION 

The present paper does not att~mpt to 
describe all of the feldspar deposits pres
ent in the Central Mineral region of Texas 
but covers, chiefly in a preliminary way, 
some of the more important deposits of 
eastern Llano County and vicinity. Dur
ing the spring of 1943 considerable map
ping was done about the so1;1thweste.rn 
border of the Granite Mountam gramte 
mass in an area containing numerous 
pegmatites. A portion of. the se~tum be
tween the Granite Mountam gramte mass 
and the Lone Grove granite mass contain
ing a large feldspar mass was also mapped. 
It was hoped that more mapping could be 
done and that a mineralogical study of the 
deposits examined co.uld be. mad~, ~mt 
work in connection with an mvestigatlon 
of the Ellenburger group prevents the 
completion of such an examination at this 
time. The results obtained so far are 
therefore briefly presented, and it is hoped 
that even in their abbreviated form they 
will be of some use to those persons 
interested in the development of feldspar 
in this area. Since there is some over
lapping of areas containing feldspar. with 
those containing soapstone, the same mdex 
map is used for both mi~erals. The 
location of the feldspar-bearmg areas de
scribed in this paper is show'! in fig. !2, 
page 55. The writer was assisted durmg 
this investigation by Mr. Lincoln Warren. 

FELDSPAR-BEARING PEGMATITE DIKES OF 
THE SANDY MOUNTAIN AREA 

Feldspar-bearing pegmatite dikes of the 
Sandy Mountain area, Llano County, are 
located south of Llano River, west of 
Colorado River, and north of Sandy Creek 
an air-line distance ranging from 3 to 6 
miles south of Kingsland. The logical 
shipping point for any feldspar produced 
in this area is either Kingsland or some 
point on the railroad near Hoover Point 
in Burnet County, east of Kingsland. At 
present the nearest bridge over. the Colo· 
rado is at Marble Falls many miles down
stream, and the nearest bridge over the 

Llano is several miles upstream and only 
accessible to this area by a very circuitous 
route. If feldspar is to be produced in 
this area, a bridge will have to be built, 
preferably over the Colorado at Hoover 
Point or downstream a short distance near 
Harwell Falls. 

The pegmatite dikes (fig. _30, in pocket) 
with two exceptions cut Packsaddle schist. 
One exception is a flat-lying mass com
posed of alternating layers of pegmatite 
and aplite, which has intruded a fine
grained pink aplogranite; the other excep
tion is within coarse-grained granite near 
its contact with the Packsaddle schist. The 
pegmatite dikes mapped are mostly steeply 
dipping, but a few indicate by their 
sinuous outcrop that they are flat lying. 
These pegmatites are apparently related 
to the Granite Mountain granite mass and 
in particular to the Kingsland lobe of 
that mass. It is possible that the Kings
land lobe may be slightly different in age 
or that erosion has not cut so deeply into 
it. Much of the granite at the borders 
contains numerous inclusions arranged 
parallel to the edges of the granite and 
in a vertical position. However, at the 
south side of the Kingsland lobe many 
of the inclusions dip about 60 degrees to 
the south, indicating that the margin of 
the granite does the same. 

Within the map area (fig. 30) the 
granite is in contact at the surface most! y 
with Packsaddle schist. One of the best 
exposures of this contact seen anywhere 
in the uplift is near the mouth of Sandy 
Creek. For a distance of about 400 feet 
from the granite contact, the Packsaddle 
schist is so sheared that it can hard I y be 
recognized except for occasional fragments 
having characteristic Packsaddle schistos
ity. The shearing is vertical and parallel 
to the sides of the granite mass as if the 
granite had been forcibly thrust through 
the schist. At several places along the con
tact the Packsaddle has been changed into 
a crumpled mica schist which is resistant 
to weathering and is better exposed than 
is usual for the Packsaddle schist. Within 
a quarter to half a mile of the granite 
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boundary, most of the Packsaddle schist 
has steep dips, hut within the rest of the 
area most of the dips are less than 30 
degrees, and many are under ~O degre.es. 
In this area the Packsaddle schist contams 
marble beds, graphite schist beds, much 
biotite schist, and lighter colored schists 
and some rocks approaching quartzite in 
composition. With sufficient detail in 
mapping, the sequence of rocks could he 
established and the structure of the area 
shown in close detail. Even with the hasty 
work done in connection with the feldspar 
mapping some of the Paleozoic faults 
could be traced through the area. The 
Packsaddle schist also contains dark
colored igneous-appearing rocks which, so 
far as seen, appear to parallel the bedding. 
These rocks weather deeply and for the 
most part are seen only in limited ex
posures. Some of the exposures west of 
Packsaddle Mountain are near areas of 
Valley Spring gneiss, yet none of this type 
rock has been seen cutting the gneiss, 
which suggests that the igneous-appearing 
rocks either belong to a series of flows 
originating elsewhere or that they are 
actually a result of metamorphism of a 
particular type of sedimentary rock. 

Some contact metamorphism of the 
marbles within the Packsaddle schist has 
taken place, producing rocks some of 
which are composed predominantly of 
wollastonite, some of tremolite, some of 
talc and others which are a mixture of 
sev~ral of the above minerals including 
vesuvianite. The ones containing talc are 
described on pages 86-87. About half of 
the contact mineral areas shown in fig. 30 
were investigated at night, an ulta-violet 
prospectors' lamp being used. Scheelite 
was found in about half of the areas ex
amined but in extremely minute quanti
ties. The results obtained discouraged 
examination of the rest of the contact 
mineral localities. 

Two rather large bodies of fine-grained 
pink granite, possibly. acid eno1;1gh to he 
classified as aplogramte, are situated at 
or near the border of the Kingsland lobe 
of the Granite Mountain mass. In places 
where this pink granite is in contact with 
the coarse-grained granite, it appears that 
it may he older than the coarse granite 
and had been sheared and fractured dur-

ing its emplacement. If these _bodies _of 
aplogranite are related to t?e mam Gram~e 
Mountain mass and the Kmgsland lobe Is 
somewhat younger, then the relationship 
is easily explained. 

Two very small basic sills or dikes simi
lar in character to those described in the 
paper on soapstone (pp. 57-59) are located 
northwest of temporary bench mark 941. 

During the spring of 1943 se.vera~ open
ings were made in the pegmatite dikes of 
the area. These pits expose fresh material, 
and a greater range o~ minerals th:m 
hitherto seen was found m the pegmatite 
dikes. Samples of the feldspar and of the 
various minerals were collected from the 
pits and will be saved for future examina
tion. The minerals so far found, de
termined by sight examination and . some 
optical verification, are microcline, so~e 
of which is light green and most of which 
is light flesh-colored, granular albi~e, and 
albite as a perthitic intergrowth with the 
microcline, fluorite, topaz, garnet, corun
dum, and mica. 

Samples were collected chiefly from test 
pits dug during the spring of 1943. San~.
ple 3-lA was collecte~ from t~e ea~t p~t 
along a pegmatite which at this pomt is 
about 11 feet wide. The west pit exposes 5 
feet of pegmatite cutting dark-oolored 
Packsaddle schist which is almost flat. The 
pegmatite dips about 80 degrees to the 
south. Two other pegmatites a short dis
tance to the southeast (locality 3-lB) 
are thin and almost horizontal. The min
erals recognized at locality 3-lA are light 
flesh-colored microcline, crystals of albite, 
perthitic intergrowth of albite and micro
cline, quartz, and mica ranging from 
sulphur-yellow to almost colorless. The 
minerals recognized at locality 3-lB are 
light flesh-colored microcline, granular 
albite, quartz, fluorite, and sulphur
yellow mica. At locality 3-lC an old test 
pit exposes some pegmatite in which much 
of the microcline is in crystals, some of 
which are of a pale blue-green color. 
Thin plates of albite up to an inch in area 
are abundant. Other minerals present are 
quartz, topaz, garnet, and almost colorless 
mica. 

At locality 3-lD the microcline is light 
flesh-colored and is intergrown in part 
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with albite. Other minerals present are 
quartz, garnet, and a dark-colored mica. 
At locality 3-lE the minerals are light 
flesh-colored microcline, granular albite, 
quartz, and a dark-colored mica. The 
minerals at locality 3-lF are light smoky 
microcline somewhat intergrown with 
albite, quartz, and a light-colored mica. 
The microcline at localities 3-lG, 3-lH, 
and 3-11 is deep pink. Quartz is present 
at all localities, a sulphur-yellow mica is 
located at 3-lG, and a clear mica at 3-ll. 
Garnet, closely associated with a light
colored pegmatite dike, is present at local
ity 3-2A. 

The remaining 5 localities (3-3A, 3A-
14C to 3A-14F) are composed of about 
the same mineral assemblage but in slightly 
different proportions. The following min
erals were seen at each locality: m.icro
cline, granular albite, intergrown albite and 
microcline, quartz, fluorite, topaz, garnet, 
and mica ranging mostly from a light 
greenish yellow to almost colorless. A 
small amount of corundum was picked up 
at locality 3A-14D. T_he last four locali
ties are all located along one pegmatite 
dike which is about 1000 feet long, averages 
about 20 feet in width, and dips steeply 
to the northwest. The pit at locality 3A-
14F exposes highly iron-stained feldspar 
which appears to extend for about 200 
feet along the northeastern end of the dike. 

A series of closely spaced pegmatite 
dikes located near the western edge of the 
map (fig. 30) should be prospected. Their 
surface appearance is favorable, and a 
large tonnage of feldspar is probably 
present in them. 

KIAM PEGMATITE 

The Kiam pegmatite in Llano County 
is located on Honey Creek between Pack
saddle Mountain and Riley Mountains and 
is 12 miles air-line southeast of Llano. A 
bismuth-molybdenum prospect situated in 
this dike has been described by Stenzel, 1 

who describes the rock sequence as fol
lows: 

The rocks exposed in and around the prospect 
are all pre-Cambrian in age and crystalline in 
character. The oldest .rocks are schists which be
long to the Packsaddle schists. These schists 

1Stenzel, H. B. , :ind Barne•, V. E., A bismuth-molybdenum 
proepect (Kiam prospect) of Llano County, Texas: Univ. 
Tezu Pub. 3945, pp. 911-912, 1939. 

are of variable composition in the vicinity of the 
prospect. The most common type is a fine- to 
medium-grained feldspathic quartz-mica schist of 
gray color and pronounced schistosity. South of 
the entrance to the underground workings there 
is a band of marble of gray to white color and 
coarse grain. This marble is very poorly exposed 
at the surface. It has been penetrated by an 
inclined diamond drill hole south of the ·pros
pect. North of the prospect there is an ex
posure of chlorite-hornblende schist on the left 
bank of Honey Creek. This schist is blue-black 
in color and thinly schistose. In spite of the vari
ations in composition, the different types- of 
schist comprise a unified series of concordant 
layers which strike west-northwest and dip about 
35° to the south-southwest in the vicinity of the 
prospect. 

Stenzel also mentions the Valley Spring 
gneiss which crops out about 1500 feet 
north of the prospect. It is a pink, thick
layered, and medium- to fine-grained rock 
having schistosity which is parallel to 
that of the schist. 

The writer started to make a $eologic 
map, which was not completed, of the 
vicinity of the pegmatite. A portion of 
the uncompleted map is reproduced as 
fig. 31 and shows definitely the alternation 

0.1 o.z 

~· Peqmatite x 
'"Qz Quartz I 
h:m Packsaddle Schist 

~ Fissle Amphibolile x 

~ Marble in Ps \ 

~ Graphile In Ps 

~ Valle<j SpringGneios 

Fig. 31. Geologic map of an area about the Kiam 
prospect, Llano County, Texas. 
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of beds having Valley Spring gneiss 
lithology with those having Packsaddle 
schist lithology. Furthermore the Kiam 
pegmatite is located near the crest of a 
southeastward·plunging anticline. Stenzel2 

describes the pegmatites as follows: 

The pegmatites are younger than the gneiss 
and schists and are intrusive into both. There 
are several pegmatites in the region around the 
prospect. These pegmatites are granite pegma· 
tites composed chiefly of white, milky quartz, 
flesh-colored or pink microcline, and minor 
amounts of silvery muscovite and other minerals. 
The grain is very coarse but variable. Feldspar 
is usually more common along the margins, while 
quartz is more common in the center of the peg
matites. The pegmatites are roughly parallel 
with the schists into which they are intruded. 
They strike and dip in the same directions as 
the schists. The pegmatites vary considerably in 
thickness from place to place and do not seem 
to exceed 15 feet. 

Among the pegmatites one is of particular im
portance. This is the pegmatite exposed at the 
prospect on the surface and in the workings. 
This pegmatite has been followed by the under· 
ground workings for about 350 feet along its 
strike. On the surface it may be traced for a 
much longer distance to both sides of the pros
pect. The greatest thickness exposed underground 
is 9 feet, which is found near the center of 
the underground workings. Toward the east the 
thickness decreases, similarly to the west, but an 
exact thickness can not be given for the farthest 
end of the underground workings because only 
one of the sill contacts is visible there. 

In an examination of material submitted 
by Stenzel, Barnes,• makes the following 
statements about the mineral composition 
of the Kiam pegmatite: 

Molybdenite is present as clusters of flakes and 
individual flakes, some of which are curved. Two 
other metallic minerals, native bismuth and bis
muthinite, are present. 

A petrographic examination was made of the 
ore-bearing pegmatite, of the offshoot quartz 
veins, and of the intruded schists. The ore-bear
ing pegmatite is of a very light buff or tan color 
and is different in appearance from most of the 
pegmatites of the Llano area. When tested with 
hydrochloric acid much effervescence takes place, 
indicating the presence of a carbonate. The peg· 
matite contains some molybdenite near the upper 
contact, as well as a bluish-black discoloration 
caused by finely divided bismuth. 

In thin section the non-ore-bearing pegmatite 
is a highly sericitized potash-feldspar in which 
it is difficult to see the feldspar outlines and 
twinning. So far as could be seen, carlsbad 
twinning is common; microcline twinning is ab
sent, or so confused that it was not recognized ; 
and albite twinning in irregular small patches 

~Idem. , pp. 912, 914. 
3[dem ., p. 918. 

within extinction areas indicates a perthitic struc· 
ture. In the sections studied, quartz is very 
scarce and where present is usually associated 
with the ore minerals. A small amount of mus
covite is also present in the harder portions of 
the pegmatite. 

Since the above was written, the pros
pect has been reopened and an attempt 
made to produce molybdenum, bismuth, 
and gold. The venture failed, hut ma
terial mined during this period revealed 
additional minerals in the pegmatite not 
previously noted. Among these are corun
dum, a black lustrous rare earth mineral, 
and a mica which in part is in massive 
nodules. This mica or mica-like mineral 
needs to he carefully investigated. A 
similar mineral found in the Crabapple 
Creek area of Gillespie County was sub
mitted to the U. S. Bureau of Mines for a 
spettrographic analysis. The analysis 
indicated that the chief elements present 
are sodium, calcium, silicon, and alumi· 
num. The complete analysis reported by 
S. M. Shelton, Supervising Engineer of the 
U. S. Bureau of Mines, Rolla, Missouri, in 
letter of March 13, 1943, follows. 

Spectrographic analysis of sample from Crab
apple Creek area, Gillespie County, Texas. 

Per cent 

Be -------------------------··------------------- 0.001 
K less than·------·------------------------- 0.01 
Na-------------------- 5.0 
Ca -·······------------------------ 5.0 
Sr less than ·····-···········-··-··-········- 0.01 
Ba less than-----·-······----------------- 0.01 
Si --·-····-·-··----------···-------·····----------- 5.0 
Al --------------·-···---- ----------- 5.0 
Fe -------------------------------- 0.1 
Ti -------------------········-·····-·----- 0.1 
Mn less than __ ·····-······--·-··-··-···--··- 0.01 
La ----------- ----- 0.1 
Ce ----------------·········--··- ···---------------- 0.1 
Pr -----------······-----···------------------·-····· 0.1 
Gd ··-··················-··--····-····················-- 0.1 
Tb ------------··-·----------------------- · 0.1 
Dy ---------------------------------- 0.1 

Beryllium was present in an amount so small 
that spectrographic identification was doubtful. 
The rare earths reported may be of interest. 
They are reported as present with a suggested 
possibility of one-tenth of one per cent present. 

The mineral from Crabapple Creek was 
originally found while hunting for a re
ported beryl locality west of Mount Nebo 
in Gillespie County. Since the mica-like 
mineral is light green in color and in 
about the right locality for the supposed 
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beryl locality, it was thought that pos
sibly it might be one of the beryllium 
minerals such as leucophanite. The 
optical properties check closely those of 
mica, but no sodium-calcium mica is 
known. A sodium mica, paragonite, has 
been reported, but Winchell• states: "There 
is no conclusive evidence that such a min
eral exists, although it has been reported 
in massive condition in some schists." 

The Kiam pegrnatite is 2500 feet long, 
as shown on the map (fig. 31). The qual
ity of the feldspar, from sight examina
tion, appears to be good. It is possible, 
depending upon the quality as determined 
analytically, that this dike could be mined 
primarily for feldspar, and if sufficient 
molybdenum and bismuth ore was found 
that it also could be produced. 

BADU HILL PEGMATITE 

A small hill of pegmatite in Llano 
County is located in the Packsaddle schist 
septum which separates the Lone Grove 
granite mass from the Kingsland lobe of 
the Granite Mountain granite mass (fig. 
32). The hill is composed of large masses 
of feldspar and quartz surrounded by a 
graphic intergrowth of feldspar and 
quartz, and a description of it is quoted 
on pages 97-100. The Packsaddle schist 
septum is composed of biotite schist and 
marble bands with some areas along its 
margin made up of crumbled, erosion
resisting, light-colored mica schist. The 
marble bands are in part contact meta
morphosed. Most of them were examined 
at night with a mineral light, but only a 
few crystals of scheelite were found, most 
of them being near the crumpled mica 
schist-biotite schist contact along the 
creek south of the granite quarry. 

The septum is about one-half of a mile 
wide, and it is of interest to know its 
downward extension. The Packsaddle 
schist is noticeably denser than the sur
rounding granite and should, if it extends 
to an appreciable depth, give a distinct 
gravity anomaly. A preliminary line of 
gravity observations across the septum 
along the road to the east (see fig. 32) was 

'Winchell, A. N., Element• of Optical Mineralogy, Part 
2, Description of Mineral•, John Wiley &: Sona, New York, 
p, 364. 1927. 

made by Mr. Frederick Romberg in Jan
uary, 1944. Since no appreciable anomaly 
was found, the conclusion is reached that 
the Packsaddle schist extends only to a 
very shallow depth, at least along the 
road traversed, and that the Lone Grove 
granite mass and the Granite Mountain 
granite mass are joined at a shallow 
depth. 

The Badu Hill pegmatite was named and 
described by Carl Chelf in May, 1942. 
Chelf' s5 description of the pegrnatite fol
lows: 

This pegmatite dike was discovered by Mrs. 
Tillie Badu Moss in 1936 and is named for her 
father, the late N. J. Badu, pioneer in mineral 
development in Llano County. It is located ap
proximately 4.5 miles S. 35 ° W. of Baringer Hill 
and about 1 mile due north of Beverly. The load· 
ing point is Hobart Junction, 1 mile from the 
mine [fig. 32]. The dike intrudes a long nar· 
row belt of Packsaddle schists and marbles which 
is hardly more than 0.5 mile wide, hounded on 
either side by coarse-grained granite. The gran· 
ite is pan of the Lone Grove mass as mapped 
by Paige. 6 The dike is a slightly elongated 
mound rising approximately 50 feet above the 
surrounding area and is essentially concordant, 
largely cutting steep-dipping siliceous dolomite 
beds. The dike stands above the less resistant 
schists, granite, and carbonates. Although the 
intrusion contacts with country rock are vague 
due to accumulated overburden and undergrowth, 
the dimensions of the dike are essentially as fol
lows: length, 700 feet; greatest width, 350 feet, 
the longer axis being oriented east-west. A minor 
intrusion of good feldspar and quartz intrudes 
dolomite about 200 feet east of the limits shown 
on the detailed map of the dike. Other minor 
dikes of light-colored feldspar and quartz have 
intruded the extensive dolomite beds west of the 
main dike. 

Two main rock types are readily distinguished 
as shown on the detailed map of the hill [fig. 
33]. An area designated as coarse pegmatite 
consisting largely of light pink to very light 
brown microcline and handed milky quartz lies 
near the center of the intrusion with a peripheral 
zone of graphic granite completely surrounding 
it. Mining is in the coarse microcline-quartz 
zone. Quanz occurs mainly as isolated or seg· 
regated islands with the long axes usually par
allel with the schists and marbles of the coun
try rock. A few large feldspar crystals have 
been found in mining operations that had nor· 
mally developed microcline faces over a foot in 
length, hut the hulk of the material consists of 
smaller crystals distoned by close intergrowth. 

GChelf, Carl, A new feldapar Depoeit in Llano County, 
Texas: Univ. Texas, Bur. Eco. Ceol., Min. Res. Surv. Circ. 
45, pp. 3-5, May, 1942. 

0Paige, Sidney, Description of the Llano and Burnet 
quadrangles : U.S. Geol . Survey Ceol. Atlas, Llano-Burnet 
Folio (No. 183), 16 pp., maps, 1912. 
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The feldspar has been taken from the open-pit 
mine in an almost continuous body for 130 by 
70 feet to an average depth of 8 feet with but 
few masses of quartz interfering with regular 
mining. The quartz of the large masses had dis
tinct white bands which are rather uniformly 
one-fourth to one-eighth inch in width. The 

+ 

quartz of Baringer Hill as described by Hess7 

is strikingly similar to the Bado occurrence. Hess 
concluded that "the milky white bands (as con· 
trasted with the clear areas) are due to small 

7Hees, F . L., Minerals of the rare ·ea.rth metal a at Barin· 
ger Hill, Llano County, Texa s : U.S. Geol. Survey Bull. 
340, p. 288, 1907. 
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Fig. 33. Detailed geologic map, made by Carl Chelf, of the Bado Hill pegmatite, 
Llano County, Texas. 
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liquid inclusions, many of them containing bub· 
hies which either do not move from change or 
inclination of the fragment containing them, or 
do so but slowly." 

The feldspar is rather uniformly light pink 
to very light chocolate in color and is visibly 
perthitic in certain areas. Crystal development 
and twinning show that the bulk of material is 
microcline. No orthoclase crystal development 
was found, and it is believed to be entirely ab· 
sent. Free quartz as visible crystals or inclusions 
is rarely found within single or twinned crystals. 
For this reason, little hand sorting to lower free 
quartz content is necessary. The dike is notable 
in the almost total absence of such substance 
as biotite, garnet, beryl, and tourmaline. Black 
mica or biotite was found only in tests examined 
in the graphic granite area, and this was largely 
decomposed to a depth of 6 feet in a test ex
amined on the southeast side of the dike. The 
quality of this spar is shown by the following 
chemical analyses from representative samples 
taken from the mine. 

Analysis of sampl,e by the Bureau of Industrial 
Chemistry, The University of Texas. 

Percent 

SiO, ··-------------------------------------------- 69.09 
AI.Os ---------------------------------------------- -- 20.16 
Fe,Os ------------------------------------- ---- trace 
MgO - --------------------------------------- 0.02 
Cao ------ -----------------------------·---· 0.64 
Na,O --------------------·--·····------------ 3.50 
K,O --------------------- 7.72 
H,O at 110° C------------------------ -- 0.28 

Analysis of samples by Libby-Owens-Ford, 
Charleston, West Virginia. 

Sample No. 1 2 3 
Per cent Per cent Per cent 

SiO, -----······--·- 65.08 
AI,O, ----····-··---- 19.19 19.56 19.22 
Fe.Os ------·--·--·· 0.088 0.139 0.084 
MgO -··-----------··-- 0.05 
Cao ------·-·····--·-- 0.06 
Na,O ----------------- 2.67 
K,O --- ----------- 12.54 
P,O, ----····- 0.13 
lgn. loss - ····-- 0.3 

Analysis of sample by Evans W. Buskett, 
Metallurgist, Webb City, Missouri. 

Per cent 

SiO, ·····-··------------------------------------ 63.4 
AI,O, ··------------------------------ 19.31 
Fe,Oa -------------- ------------------ .084 

In a communication by a chemist of the Libby
Owens-Ford Company to the operator of the 
Badu Hill mine, the similarity of the feldspar 
to that of Keystone, South Dakota, was men
tioned. The Badu feldspar is suitable for glass 
as well as pottery spar. 

Occasional vugs, usually less than a foot in 
size in any direction, are lined with well-devel
oped clear or delicate pink microcline crystals, 

smoky to clear ghost and specter quartz crys
tals, and small hexagonally developed books of 
muscovite or a similar mica. Such cavities 
usually carry small quantities of very plastic yel
low clay. White kaolin is also present in small 
areas of the mine, particularly on the east wall 
of the present pit. Two small pieces of rare 
earth minerals have been found in the mine. 

WILLIAMS PEGMATITE 

The Williams pegmatite is located 2 
miles west of Kingsland, Llano County 
(fig. 34). It is completely within the 
Kingsland lobe of the Granite Mountain 
granite mass, and before the discovery 
of Badu Hill was one of the two sources 
of feldspar shipped from Llano County. 
Paige shows this as a rare earfh mineral 
locality on the Burnet quadrangle. 

The pegmatite is composed about 
equally of quartz and feldspar with a few 
large hooks of dark mica. The pegmatite 
is irregular in shape and is not over 40 
feet wide and 130 feet long at the surface. 
Two pits have been opened in the peg
matite, the one to the northeast being 40 
by 40 feet in area and 10 feet deep. The 
southwestern pit is smaller in area and 
about 15 feet deep. 

BARINGER HILL PEGMATITE 

The Baringer Hill pegmatite, Llano 
County, was originally opened up to pro
duce rare earth minerals. Later most of 
the feldspar in the dumps was shipped. 
Baringer Hill is now covered by the water 
of Lake Buchanan, and even though a 
large deposit of feldspar still remains it 
can not he exploited. Baringer Hill has 
some features in common with other peg
matites of the area and has been well 
described in the literature, the more im
portant papers of which are as follows: 

Bastin, E. S., Economic geology of the feldspar 
deposits of the United States: U.S. Geo!. Sur
vey Bull. 420, 85 pp., 1910. 

Becker, G. F., Relations of radioactivity to cos
mogony and geology : Bull. Geo!. Soc. Amer., 
vol. 19, pp. 113-146, 1908. 

Hess, F. L., The Baringer Hill (Texas) pegma· 
tite dike (abst.) : Science, n.s., vol. 27, p. 537, 
1908. 

---, Minerals of the rare-earth metals at 
Baringer Hill, Llano County, Texas: U.S. Geo!. 
Survey Bull. 340, pp. 286-294, 1908. 

Hidden, W. E. [Yttrium minerals from llano 
County, Texas]: Trans., New York Acad. Sci~ 
vol. 8, p. 185, 1889. 
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---, Preliminary notice of a new yttrium 
silicate: Amer. Jour. Sci., 3d ser., vol. 42, pp. 
430-4.31, 1891. 

---, On mackintoshite, a new thorium and 
uranium mineral (with analyses hy W. F. 
Hillebrand): Amer. Jour. Sci., 3d ser., vol. 46. 
pp. 98-103, 1893. 

Hidden, W. E., and Mackintosh, J. B., A de· 
scription of several yttria and thoria minerals 
from Llano County, Texas: Amer. Jour. Sci., 
3d ser., vol. 38, pp. 474-486, 1889. 

Hidden, W. E., and Warren, C. H., On yttocra· 
site, a new yttrium-thorium-uranium titanate: 

---, Some results of late mineral research 
in Llano County, Texas: Amer. four. Sci., 4th 
ser., vol. 19, pp. 425-433, 1905. 

Amer. Jour. Sci., 4th ser., vol. 22, pp. 515-519, 
1906. 

Hillebrand, W. F., New analyses of uraninite: 

Hidden, W. E., and Hillebrand, W. F., Descrip· 
tion of rowlandite: Amer. four. Sci., 3d ser., 
vol. 46, pp. 208--212, 1893. 

Amer. Jour. Sci., 3d ser., vol. 42, pp. 390-393, 
1891. 

Landes, K. K., The Baringer Hill, Texas, peg· 
matite: Amer. Min., vol. 17, pp. 381- 390, 1932. 
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Paige, Sidney, Preliminary report on pre-Cam· 
brian geology and iron ores of Llano County, 
Texas: U.S. Geo!. Survey Bull. 430, pp. 256-
268, 1910. 

---, Mineral resources of the Llano-Burnet 
region, Texas, with an account of the pre-Cam· 
brian geology: U.S. Geo!. Survey Bull. 450, 
103 pp., 1911. 

---, Description of the Llano and Burnet 
quadrangles: U.S. Geo!. Survey Geo!. Atlas, 
Llano-Burnet Folio (No. 183), 16 pp., 1912. 

Schaller, W. T., Notes on powellite: U.S. Geo!. 
Survey Bull. 490, pp. 80-83, 1911. 

ALTHAUS PEGMATITE 

A small amount of feldspar has been 
shipped from the Althaus ranch near the 
eastern side of Gillespie County. A map 
of the area (fig. 35) shows a number of 
pegmatites and quartz masses and two 
small feldspar outcrops. The pegmatites 
are mostly of the graphic granite type and 
appear to be more quartzose than normal. 
Only a few carloads of feldspar are in 
sight, and prospecting is not apt to in
crease the reserves appreciably. 

CLEAR CREEK PEGMATITE 

A pegmatite dike in Burnet County is 
located near the junction of the road to 
the Southwestern Graphite Company mine 
with the road to Morgan Creek (fig. 36) . 
The dike is about 1300 feet long and 
varies in character throughout its length, 
as indicated on the map. On Paige's map 
of the Burnet quadrangle, the locality of 
this dike is indicated as a rare earth min
eral locality. None of the rare earth min
erals were seen by this writer, but this is 
not surprising since, with the lapse of time 
since Paige was in the area, the few test 
pits present are now scarcely recognizable. 

DISINTEGRATED GRANITE 

The possibility of recovering usable 
feldspar from the disintegrated granites 
of central Texas has not been investigated. 
If such recovery should prove to be prac
ticable, then an unlimited source of 
feldspar is available in central Texas. 
Fig. 30 (in pocket) shows pits next to the 
railroad in the northeastern corner of the 
map which are in disintegrated granite, 
formerly used for railroad ballast. The 
pits, about 20 feet deep, are entirely 

within disintegrated granite and without 
fresh granite at the bottom. This particu
lar area is very favorably situated, in that 
railroad transportation, abundant water, a 
high voltage transmission line, and a 
serviceable comity road are all present. 

The disintegrated granite in the pit is 
brown and unsightly, but agitation in 
water rapidly removes the clay materials 
and leaves clean light-colored microcline, 
quartz, bronze-colored mica, and some 
soda-lime feldspar. The fresh granite ex
amined elsewhere is composed about 
equally of microcline, soda-lime feldspar, 
and quartz with a small amount of dark
colored mica. During weathering, the 
mica in part disintegrates, and the rest 
is probably hydrated which gives it a 
golden-brown color. The soda-lime 
feldspar is also unstable, altering at least 
in part to clay materials. The microcline 
and quartz are stable. If a process of 
washing, crushing, and flotation could be 
developed in which a good grade feldspar 
is produced, then an unlimited source of 
cheaply handled material is available. 
Mica is used in oil-well drilling to seal 
formations against loss of drilling fluid. 
The mica in these disintegrated granites, 
if it could be recovered during the process, 
would be excellent for this purpose. 

The first step in investigating the use 
of disintegrated granites for feldspar is 
to determine if the feldspar is of suf
ficiently good grade. A sample of feld
spar should be carefully hand picked 
under a binocular microscope. If upon 
analysis the purified sample of feldspar 
should contain more iron or any other 
deleterious substance than is allowable for 
the purpose for which it is to be used, then 
there is no need to investigate further. If, 
on the other hand, impurities are excep
tionally low, then there is a good chance 
that a process can be developed to make a 
marketable product. 

Several of the fresh granites of central 
Texas have been analyzed and the analyses 
included in The University of Texas Pub· 
lication 4246, The Building Stones of 
Central Texas (in press). The analyses 
of granite from the Granite Mountain 
and Lone Grove granite masses are 
quoted from Publication 4246 as follows: 
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Analysis of granite from Granite Mountain (A) 
and from Petrick quarry (B). 

SiO, ----·---------- -------------
AJO, ------------------------------
Fe,Oa ----------------------------
FeO --------------- --------MgO _____________________________ _ 

CaO ------------------------------
Na,O -------------------
K,O ------------------------------
H,O. ------------------------------
H,O_ ------------------------------CO, ________________ _______________ _ 
TiO, ------------------------------
p,o, --------------- --------------Mno _____ _____ ________ ___________ _ 
Bao ---------------------------- --
F -----------------------------------
$ ----------------------------------

A B 
Per cent Per cent 

73.02 
13.55 

0.53 
2.12 
0.16 
1.18 
3.55 
5.02 
0.18 
0.06 
0.05 
0.31 
0.08 
0.05 
0.05 
0.14 

trace 

71.85 
13.69 
0.57 
2.74 
0.25 
1.56 
3.47 
5.08 
0.23 
0.05 
0.08 
0.44 
0.14 
0.05 
0.09 
0.12 
0.01 

100.05 
Less O______________________ __ __ __ 0.06 

100.42 
0.05 

99.99 100.37 

The iron content of these granites 
varies, and of the analyses quoted, the 
granite from Granite Mountain is lowest 
in iron. The pits described above are 
in the Granite Mountain granite mass, 
but this does not necessarily mean that the 
iron content of the granite in the vicinity 
of the pits will be as low. 

Some of the aplogranites and aplites 
of central Texas are also low in iron, but 
they are seldom disintegrated to a suf
ficient extent to be usable. The follow
ing analyses of two aplogranites and one 
aplite are quoted from Publication 4246. 

Analysis of Sandstone Mountain aplogranite (A), 
Sharp Mountain aplogranite (B), and 

Petrick quarry aplite (C) . 

A B c 
Per cent Per cent Per cent 

SiO, 76.86 75.37 76.65 
AJ,O, -------- 13.26 13.68 13.31 
Fe.Os -------- 0.19 0.21 0.10 
FeO __________ 0.51 0.64 0.50 
MgO 0.13 0.19 0.05 
Cao __________ 0.81 0.71 0.56 
Na,O 4.01 3.63 4.65 
K,O ---------- 4.19 5.24 4.15 
H,O. -·------ 0.11 0.13 0.10 
H,O_ -------- 0.02 0.03 0.04 
co, ---------- 0.07 0.11 0.03 
TiO, 0.05 0.08 0.04 
P,O, O.Ql 0.01 trace 
MnO 0.03 0.02 0.02 
BaO 0.00 0.00 0.01 
F O.D3 0.03 0.13 
s -------------- 0.02 0.03 trace 

100.30 100.11 100.34 
Less 0 --- 0.02 0.02 0.05 

100.28 100.09 100.29 



BARITE DEPOSITS IN TEXAS 

GLEN L. EVANS 

The demand for ground barite for use as 
a weighting medium in rotary drilling 
fluids in high pressure oil and gas fields 
has increased greatly during the past 
decade. Further increases in demand are 
expected to result from the intensified 
program of exploratory drilling now de
veloping under the pressure of extraor
dinary wartime requirements for petroleum 
products. In the future search for oil re
serves, a proportionately large number of 
wells will be sunk to the deeper horizons 
where high formation pressures are most 
likely to be encountered. Barite or other 
weighting agents will be needed in corre
spondingly large amounts to counter
balance the high pressures encountered in 
drilling. Competition in barite production 
has been stimulated by the expiration of 
a restricting patent1 on the use of heavy 
density minerals for weighting drilling 
fluids. As a consequence of these condi
tions, an active search is being made for 
new barite sources within practical ship
ping range of high pressure fields, such as 
those of the Gulf Coast region, and Texas 
deposits are being considered with increas
ing interest. 

The Bureau of Economic Geology has 
accumulated information on·barite deposits 
over a period of years, and several reports2 

have been issued. In the present paper, 
barite localities in thirteen counties are de
scribed. Of the localities discussed, seven 
have previous! y been referred to in the 
published literature, and experimental 
mining has been carried on in three of 
these. The remaining thirteen localities in 
Baylor, Brewster, Brown, Culberson, How
ard, Hudspeth, Kinney, Like Oak, and Val 
Verde counties are new localities an
nounced in this publication. 

1U. S. Patent 1,575,944·5 ; granted to B. K. Stroud, March 
9, 1926; exp!red March 9, 1943. 

2Baker, C. L. , Barite in Texas: Univ. Texas, Bur. Eco. 
Geol., Min. Res. Cir. 4, 5 pp., 1932. 
---, Geology of Texas, Vol. II, Univ. Texas Bull. 

3401, pp. 403-409, 1934 (1935]. 
Barnes, V. E. , Additional not<-s on barite: Univ , Texas, 

Bur. Eco. Geol., Min. Res. Cir. II , 4 pp., 1939, 
Zapp, Alfred, Baritc in northern Llano County: Univ. 

Texas, Bur. Eco. Geol., Min. Res. Surv. Cir. 35, 6 pp., 1941. 

Barite (barium-sulphate) crystallizes in 
the orthorhombic system, most commonly 
as tabular and prismatic crystals but also 
in cleavable, fibrous, and granular forms. 
It exhibits perfect basal and prismatic 
cleavage, fractures unevenly, and has vit
reous to pearly luster. It ranges in hard
ness from 2.5 to 3.5 and in specific gravity 
from 4.3 to 4.7. The color is usually white, 
transparent, or blue, but other colors re
sulting from contained impurities are not 
uncommon. Barite can ordinarily be dis
tinguished from other nonmetallic minerals 
of similar appearance by its high specific 
gravity and its insolubility in acids, but 
in some cases more critical determinations 
are necessary. 

Barite, known also as barytes and heavy 
spar, is the most common and commer
cially the most important barium mineral. 
Witherite (barium carbonate), the only 
other barium mineral produced commer
cially, is more desirable for certain uses 
and commands a higher unit price but is 
rarely found in workable quantities. 
Whereas barite is produced from many 
deposits in more than a dozen states, 
witherite is mined at only one locality in 
the United States, near El Portal in Mari
posa County, California. The domestic 
production ratio of witherite to barite is 
only about 1 to 100. The United States 
and Germany are the principal barite
producing countries, and England is the 
largest producer of witherite. The most 
important domestic sources of barite are 
in Missouri, Georgia, Arkansas, Tennessee, 
and California, although smaller produc
tion also comes from several other states. 

Barite is used in large quantities and for 
many purposes8 due in part to its avail
ability at comparatively low costs and in 
part to its physical and chemical proper
ties. Ground barite for drilling fluids is 
the most rapidly growing and one of the 
most important uses. The high specific 
gravity, chemical inertness, and non
abrasive quality of barite are some of the 

3See annual volumes of U. S. Bureau of Mines Min.erah 
Yearbook for lists of uses and statistics. · 
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properties which make it the most satis· 
factory and generally used weighting ad· 
mix. Other important uses of barite are 
in the manufacture of lithopone for the 
paint industry; for barium chemicals; as 
a filler in such manufactured products as 
linoleum, playing cards, and certain grades 
of paper; and in some kinds of glass. 
Barile is also consumed in small quanti· 
ties as an ore of barium metal which is 
used chiefly in vacuum tubes. 

Barile occurs widely distributed in 
Texas in formations ranging in age from 
pre-Cambrian to Tertiary. Many of the 
deposits are too small to have any com· 
mercial possibilities but are included in 
the succeeding list to illustrate the varied 
conditions of occurrence and, in some 
cases, to suggest favorable localities for 
future prospecting. Mining efforts in 
Texas to date have been of an experimental 
nature and have resulted in the production 
of only a few hundred tons of barite. The 
deposits are listed in alphabetic arrange
ment by the counties in which they occur. 

BAYLOR COUNTY 

Barile occurs in clay stone nodules and 
rarely in small cleavable masses in red 
shales of the Permian Belle Plains forma
tion along the escarpment capped by the 
Beaverburk limestone east and northeast 
of Rendham. In the localities observed, 
the nodules are sparingly distributed, and 
only quite minor secondary concentrations 
of the nodules were seen along the base 
of weathered clay slopes. 

BROWN COUNTY 

Barile occurs as a minor constituent of 
replacement celestite deposits in the Cre
taceous Glen Rose formation west and 
southwest of Blanket in eastern Brown 
County. 

BREWSTER COUNTY 

A barite deposit, the exact location of 
which is now unknown, was seen by J. A. 
Udden (unpublished notes) on the east 
side of Maravillas Creek and east, south
east, or northeast of Dog Canyon in the 
Santiago Mountains, about 50 miles south 
of Marathon. According to Dr. Udden's 
field notes this deposit is quite pure barite 

occurring in a north-south trending vein 
5 to 6 feet wide and exposed on the north 
side of a ridge of Lower Cretaceous lime· 
stone. 

Barile occurs as nodules of dark ra
diating prismatic crystals in shales of the 
Paleozoic Tesnus formation at the Gage 
ranch on Pefia Blanca Creek 9.5 miles east 
of Marathon. The nodules are found with 
difficulty on natural exposures but for
merly could be seen in excavations con· 
nected with ranch structures. 

Small nodules of white barite are found 
sparingly distributed in shales of Upper 
Cretaceous formations at several localities 
south of Glen Springs in southern Brewster 
County. Similar occurrences have been 
reported in the same horizons in Presidio 
County and in several central Texas 
counties. 

CULBERSON COUNTY 

A number of barite occurrences are ex
posed within an area about 1 mile long 
and one-fourth mile wide at Seven Heart 
Gap between Apache and Delaware moun
tains. The area containing the deposits 
extends westward from the upper western 
slopes of Gap Butte toward the north
westernmost peak of the Apache range. 
Most of the known deposits are on the 
H. S. Foster ranch in section 7, block 62, 
Public School Land Survey. The locality 
is approached by ranch roads from U. S. 
highway No. 80 at Kent or from Wild 
Horse station on the Texas & Pacific Rail· 
road 7 miles east of Van Horn. The dis· 
lance by road from the highway and 
railroad is approximately 30 miles on each 
of the approaches. 

The barite occurs in part or entirely as 
a replacement in limestones of the Per
mian Delaware Mountain formation. Bed 
rock exposures within the barite area are 
scattered and small, most of the slopes 
and ridges being covered by rock debris 
cemented by secondary calcium carbonate 
into a peculiar mantle breccia. The ex
posed barite deposits appear on low hills 
or ridges and in some recently developed 
arroyas. As the mantle breccia and other 
surface materials are of later origin than 
the barite, it is probable that they conceal 
deposits of barite other than those now 
exposed. 
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Although some sixteen separate barite 
occurrences are known in the Seven Heart 
Gap area, only two or three appear large 
enough to be considered from an economic 
standpoint. Other smaller exposures may, 
however, lead to larger concealed deposits. 
The two localities regarded as most prom· 
ising for shaft or trench prospecting are 
at map stations 1 and 2 on figure 37. 

The deposit at station 1 is on the north 
and east sides and upper north slope of a 
small isolated hill 375 feet east of a ranch 
road. The exposure on the upper slope is 
about 30 by 60 feet in extent. It contains 
beds or lenses of massive, white, fine
grained barite in limestones which have 
been partially replaced by barite. The two 

SCHOOL BLOCK 
NO. 84 

SECTION I 

not be determined without the aid of shafts 
or trenches. The excellent quality of the 
massive white barite is indicated by analy· 
sis of Sample A below. The lower grade 
material, which consists of limestone with 
alternating bands or irregular masses of 
barite, is represented by analysis of 
Sample B. 

Chemical analysis of barite samples, Culberson 
County, Texas. R . M. Wheeler, Bureau 

of Economic Geology, analyst. 

Sample A Sample B 
Per cent 

Barium sulphate .................. - 97.44 34.83 
Calcium carbonate .................. 2.62 63.46 

Totals _ _______________________ 100.06 98.29 

t 
N 

SCALE I 
o..__ ... 50.to====10""00-.....-..1soo Feet 

Fig. 37. Map of barite deposits at Seven Heart Gap, Culberson County, Texas. 

exposures on the lower north and east 
slopes are narrow and are exposed for 25 
feet and 35 feet respectively. Some of the 
barite bodies lie within and parallel to the 
bedding of the host limestone, others ap· 
pear to be in veins cutting across the beds. 
The size and character of the deposit can-

The deposit at map station 2 is on the 
west end of a narrow ridge immediately 
east of the junction of two arroyas and 
about 1200 feet east of station 1. On the 
outcrop the main part of the deposit is 
5 to 9 feet wide and extends in an east
west direction for 95 feet. A divergent 
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vein or seam 1 to 4 feet wide extends 
northward for about 40 feet from the east 
exposed end of the main deposit. The de
posit dips steeply southward and appears 
to be parallel or nearly so to the bedding 
of the enclosing limestones. The country 
rock surrounding the deposit is not suffi
ciently exposed to permit full interpreta
tion of the local structure. The deposit, 
unlike others in the area, appears to be of 
nearly uniform quality throughout its ex
tent. The barite is white to slightly mot
tled, fine grained and massive. The analysis 
given below is of a sample taken from the 
surface of the deposit and probably con· 
tains a higher than average calcium car
bonate content, as secondary caliche has 
formed over the surface of the barite. 

Chemical analysis of barite sample, Culberson 
County, Texas. R . M. Wheeler, analyst. 

Per cent 
Barium sulphate ---------- ---------------------------------- 82.40 
Calcium carbonate ---------------------------------------- 16.68 

Total --------------------------------------------------------- 99.08 

A deposit adjacent to the fence, and near 
the middle of the west line of section 6, 
and two deposits shown in section 5 are 
similar in appearance to the deposit at 
station 1 but are not so well exposed. 
These deposits are possibly worth testing 
by trenching. Most of the remaining oc
currences are obviously too small to have 
economic possibilities. 

The Seven Heart Gap barite area is one 
of the most promising now known in the 
State from the standpoint of possible com
mercial development. It has the consider
able disadvantage of being remote from 
railroads and sources of labor, but this 
disadvantage may be in part offset by other 
considerations. Much of the barite is 
sufficiently high grade to meet most or 
all market requirements without expensive 
milling operations, and so far as is known 
such objectionable impurities as iron oxide 
are either entirely absent or present in 
only very minor quantities. 

Barite occurs in a vein deposit cutting 
lower Paleozoic limestones in Beach Moun
tain 4 miles north and west of Van Horn. 
The deposit is about 40 feet above the 
stream bed on the south slope of the 
southernmost prominent arroya draining 

eastward from the mountain into Salt Flat 
graben and about 0.7 mile upstream from 
the point where the arroya emerges from 
the mountain. 

The vein strikes about east-west and dips 
southward at 45 to 50 degrees. It can be 
examined in a succession of natural ex
posures and in several small prospect pits 
over a distance of about 200 feet along 
the strike. The vein ranges in thickness 
from 6 to 14 inches. There appears to 
be no replacement of the limestone wall 
rock, although numerous thin veinlets ex
tend outward along joints and bedding 
planes. The vein material is principally 
well-formed barite crystals in a ground
mass of fine-grained barite, but some un
replaced boulders of wall rock are con
tained within the deposit, and locally 
ferruginous material has stained the barite 
a reddish-yellow color. Slickensided sur
faces were noted at several places along 
the contact of the barite with the wall 
rock. The quantity of barite in evidence 
does not justify the ex.Pense of thoroughly 
prospecting the deposit. 

A small deposit of barite occurs along 
a fault plane on the north side of Three 
Mile peak on section 13, block 66, town
ship 8, about 3 miles northwest of Van 
Horn. The deposit appears in only one 
small area along the exposed fault trace. 

Barite occurs as an accessory and gangue 
mineral of lead-copper-zinc ores in some 
northeast-trending veins on the east side 
of the Sierra Diablo about 13 miles north 
of Van Horn. The barite is discontinuous 
and usually less than 1 foot thick on sur
face exposures. The Diablo, Pecos, and 
Eureka metal prospects which are located 
on the veins have encountered barite in 
small quantities. Similar occurrences of 
barite in silver-copper ores are present at 
the Hazel mine, 10 miles north and west 
of Van Horn. 

GILLESPIE COU NTY 

A lenticular deposit of barite having a 
maximum thickness of 2 feet and a maxi
mum exposed length of about 40 feet oc
curs in pre-Cambrian metamorphic rocks 
on the Davis ranch, 9.6 miles by road 
northeast of Willow City in northeastern 
Gillespie County. The deposit has been 
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prospected by a shallow shaft, along the 
wall of which barite is exposed for about 
15 feet. V. E. Barnes• considers the de
posit to have little or no commercial value 
due to the limited quantity and to a high 
percentage of quartz and other minerals 
contained in the barite. 

HOW ARD COUNTY 

Thin discontinuous veins or joint fillings 
of barite occur in Triassic red shales on 
the Dora Roberts ranch in section 67, 
block 29, about 2 miles north of the Otis 
Chalk community. The veins are 1 to 5 
inches in thickness and contain white to 
pink barite associated in places with small 
amounts of dark calcite. 

Nodules of radiating and platy barite 
crystals are found in small quantities on 
the north side of U. S. highway No. 80 
and on the southwest side of a playa lake 
2.5 miles west of Morita. The nodules are 
associated with selenite gypsum in Triassic 
red shales. 

HUDSPETH COUNTY 

Barile in thin veins locally containing 
lead and copper minerals occurs in Cre
taceous limestones, sandstones, and con
glomerates in rough foothills of the Eagle 
Mountains in the southeastern part of 
Hudspeth County. Other small occurrences 
associated with metalliferous ores are 
found in some of the prospect workings 
in the Quitman Mountains and elsewhere 
in the county. 

JEFF DA VIS COUNTY 

Small amounts of barite are found in 
association with manganese minerals at 
the Walter Mayfield prospect about 5 miles 
west and south of Chispa station on the 
Southern Pacific Railroad. 

KINNEY COUNTY 

Barite occurs in Upper Cretaceous shales 
about 2 miles east and slightly north of 
Spofford. The locality is at the south end 
of an earthern tank dam 700 feet north 
of a highline in the Wolf Hill pasture of 
the Louis Hobbs ranch. Crystalline masses 

'Op. cit., pp. 1-2. 

of barite up to 10 inches in diameter are 
weathering from the shale in a small ex· 
posed area. Bed rock exposures are very 
poor in this vicinity, but the small quan
tities of barite found in the shale excavated 
from the tank indicate that the barite is 
too sparsely distributed in the shale to be 
profitably produced. 

LLANO COUNTY 

A series of thin barite veins occurs in 
pre-Cambrian metamorphic rocks on the 
Freeman and Hiilsmeier ranches between 
Pecan and Wolf creeks about 2 miles from 
the north Llano County line. Experimental 
mini_ng at this locality resulted in the pro
duction of a small tonnage of barite, a 
part of which was obtained from surface 
residual deposits. The individual veins are 
too thin and irregular to be profitably 
mined by underground methods. A de
tailed report of this deposit was made by 
Alfred Zapp• in 1941. 

LIVE OAK COUNTY 

Small nodules and irregular crystalline 
masses of barite occur in Tertiary ben
tonitic clays exposed along Sulphur Creek 
about 1 miles north of the Three Rivers
Karnes City road and a few hundred yards 
above the junction of Bess Branch with 
?ulphur Creek. The barite, being present 
rn only small quantities in the clay beds, 
is most easily found where it has formed 
in local concentrations on the surface of 
clay slopes. 

TAYLOR COUNTY 

Barite occurs in small quantities on the 
John Trussel survey about 22 miles south
west of Abilene in Taylor County. The 
barite is in thin vertical veins in red shales 
of the Permian Clear Fork group a short 
distance below the contact of overlying 
basal Cretaceous sands. 

VAL VERDE COUNTY 

Barile occurs in the Cretaceous Edwards 
formation 1.35 miles west of Pandale on 
the Henry Mills ranch and on the west 
slope of a divide separating Howard Draw 

6Qp. cit. 
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and Pecos River. In the earlier descrip
tion, V. E. Barnes• writes as follows con· 
cerning the deposit. 

The barite is mostly a filling in caverns, some 
of which are as much as 3 feet across and 10 
feet long. Some narrow stringers of barite occupy 
fissures or joints. The country rock is somewhat 
cherty limestone which is probably Edwards in 
age. In an area not more than a few hundred 
feet across, numerous small masses of barite are 
present. Several carloads of barite could be 
obtained by "gophering out" the masses in sight 
at the surface. After the surface or near-surface 
material is exhausted, prospecting for the buried 
barite would be both uncertain and expensive. 
There is a slight possibility that sizable caves 
filled with barite might be found during the 
prospecting. 

Two types of barite are present-one, which 
is the most preponderfot, is a celestine blue, 
and the other is a pasty white. The pasty white 
barite contains innumerable small inclusions or 
cavities, while the clear barite is free from these. 
At the surface the barite is encrusted by caliche. 
The white barite is usually in contact with 
caliche or enclosed in caliche, and the clear 
barite is surrounded in part by white barite. 
This suggests that the white barite is an altera
tion product, in which case the inclusions noted 
may be cavities. 

Since the above was written, an effort 
has been made to develop the deposit, and 
about 100 tons of barite have been pro
duced. Excavations made in the course of 
development, consisting of one fairly large 
pit and several test holes, now permit a 
somewhat more thorough examination of 
the deposit. In the large pit a body of 
barite 1 to 5 feet wide and 35 feet long 
has been exposed. The cavern in which 
the barite accumulated is seen to be con· 
siderably more extensive than was evident 
from the original surface exposure. The 
barite-filled cavern extends down from the 
surface at a rather steep angle, then flat
tens and enlarges along the planes of 
bedding. A small test hole 60 feet north
east of the large pit exposes barite which 
may be a part of the same cavern deposit. 
A second small test in an arroya bed 100 
feet south of the large pit exposes some 
bedded barite of granular texture which 
appears to be a replacement of a limestone 
bed. 

The limestone beds in the vicinity of the 
barite deposits dip in different directions 
at angles of from 3 to 10 degrees, whereas 

-Op. cil., pp. M . 

the attitude of the beds in the surrounding 
area is almost flat. These relatively steep 
dips indicate slumping of the beds into 
collapsed caverns. The area in which 
slumping is evident is very much larger 
than could be accounted for by the filled 
caverns now exposed. It seems possible, 
therefore, that large caverns which may be 
partially filled with barite exist below the 
present working levels and that these cav· 
ems may be connected in some manner 
with the surface barite deposits. There is 
the added possibility that some of the 
deeper lying limestone beds may have 
been replaced by barite in a manner simi
lar to the replacement seen in the test 
pit in the arroya bed. 

A barite deposit is exposed along the 
base of the south bluff of Howard Draw 
from 300 to 850 feet above the crossing 
of the Pandale-Langtry road on the Henry 
Mills ranch. The barite is a partial replace· 
ment of two or more beds of massive Cre
taceous limestone. The barite is white, 
fine-grained material quite similar in ap
pearance to the host limestone. Most of 
the deposit is low-grade material, contain
ing on an average probably less than 50 
per cent barium sulphate, but some small 
lenses of high-grade crystalline barite are 
present in the deposit, usually directly 
adjacent to honeycombed solution open
ings which are filled in part with brown 
residual clay. From the lenses of crystal
line barite, stringers or veins commonly 
extend outward along bedding planes and 
joints. 

An effort has been made to develop the 
deposit, which resulted in the production 
of about 100 tons of crude barite. The 
reason given for abandoning the operation 
was that concentrating and transportation 
costs were too great for profitable mining. 
As nearly as can be judged from surface 
exposures, the deposit contains a large 
tonnage of low·grade ore. 

ECONOMIC CONSIDERATIONS 

c.onsiderations whi?h enter into an ap
praisal of the economic value of any harite 
deposit include the following: 

(1) Location and accessibility. The 
value of a deposit decreases with the in· 
crease in distance from points of con· 
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sumption and from railways or highways. 
High transportation costs may nullify the 
value of a deposit meeting all other eco
nomic requirements. 

(2) Size of the deposit. The quantity 
of barite must be large enough to justify 
mining and milling operations appropriate 
to the particular deposit. In the case of 
high-grade material requiring no beneficia
tion and capable of being cheaply mined, 
a comparatively small deposit may be 
profitably worked, whereas a much larger 
quantity of lower grade material must be 

available to justify installations of ex
pensive mining and milling equipment. 

(3) Quality. Barite must be either of 
raw grade sufficient to meet market require
ments or capable of being economically 
refined to meet such requirements. The 
standard of grade varies somewhat, de
pending upon the use. 

(4) Demand. The market demand for 
barite, while affected to a degree by such 
factors as war, new uses, imports, and 
introduction into trades of substitute min
erals or materials, is in the main increasing. 





CELESTITE DEPOSITS IN TEXAS 

GLEN L. EVANS 

The occurrence of celestite and minor 
amounts of strontianite in Texas has been 
known for many years, and reports of 
deposits at different localities have ap
peared at intervals since as early as 1889. 
The minerals were first reported to occur 
in the Mt. Bonnell-Mt. Barker district of 
Travis County where celestite and some 
associated strontianite occur in the form 
of nodular masses and in geodes within 
certain beds of the Glen Rose formation of 
Lower Cretaceous age. Following the 
discovery of celestite at Mt. Bonnell, other 
similar deposits in the Glen Rose forma
tion have been recognized in a number of 
Texas counties, and within comparatively 
recent years much more extensive blanket 
or bedded deposits have been recognized 
in two districts centering respective! y in 
Nolan and Brown counties.1 The writer 
examined the Nolan County deposits in a 
preliminary manner in 1938, and more 
thoroughly in 1941 and 1942, when a 
Federal works project, sponsored by the 
Bureau of Economic Geology of The Uni
versity of Texas, under the supervision of 
R. L. Bronaugh was engaged in extensively 
test pitting the deposits in both the Nolan 
and Brown districts. More recently, fur
ther examinations have been made in the 
two districts by the U.S. Bureau of Mines, 
and the results of some mineral-dressing 
tests have been published. 2 

Celestite, or strontium sulphate, is a 
mineral of vitreous to pearly luster having 
a hardness of 3.0 to 3.5 and a specific 
gravity of 3.9 to 4.0. It crystallizes in 
the orthorhombic system, forming tabular 
or prismatic crystals, and also occurs com
monly as cleavable crystalline masses and 
in fibrous or massive-granular forms. 
Celestite is usually light blue in color but 
may be reddish, white, or green. Fine, 
granular, or dense varieties of celestite 
may closely resemble some limestones or 
dolomites, but it can be distinguished 

lEvans, C. L., Strontium minerals in Texas: Univ. Texas, 
Bur. Econ. Geo l. , Min. Res. Surv, Cir. 46, 27 pp., 5 maps , 
May, 1942. 

2fin e, M. M. , and O'Meara, R. G., Bureau seeks strontium 
from domestic ous: Eng. Min. lour., vol. 145, no. 12, pp. 93-
95, 1944. 

from these rocks by its greater weight. 
The brilliant red strontium flame distin
guishes celestite from barite under the 
blowpipe test. 

Celestite and strontianite are the two 
strontium minerals of industrial impor
tance. Of these, celestite is much the 
most common and is for that reason the 
principal industrial strontium mineral. 
Strontianite, or strontium carbonate, has a 
higher unit value because of the ease with 
which it can be converted into the various 
commercial strontium compounds, but it 
rarely occurs in deposits large enough to 
be worked on an economic scale. In the 
Texas deposits, as at many other localities, 
strontianite occurs in minor quantities as
sociated with celestite and is apparently 
an alteration product of the celestite. 

Strontium compounds derived from cel
estite and strontianite are employed in a 
number of industrial uses. Their most 
characteristic property is ability to impart 
brilliant red color to flames, and because 
of this ability they are employed in the 
manufacture of fireworks; in fusees and 
signal flares for both civil and military 
uses; and in tracer bullets. Strontium 
compounds are also used in the process of 
refining caustic soda for the rayon indus
try and in pharmaceuticals and chemicals. 
Strontium metal has at present only very 
limited application in industry; it is used 
in small quantities to prevent formation 
of blowholes in copper castings. Ground 
celestite is used as a filler in rubber and 
plastics and, in recent years, as an admix 
in drilling muds where it serves as a 
weighting agent to counteract high gas 
pressures. 

The United States has not been a large 
consumer of strontium minerals and com
pounds except during the first and present 
world wars. With the exception of these 
war periods, when domestic sources have 
supplied a part of the Nation's require
ments, virtually the entire consumption of 
strontium minerals has been imported 
from Great Britain, Germany, and, in re
cent years, from Mexico. The principal 
American markets are chemical supply 
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companies located along and near the 
Atlantic seaboard, while the principal 
known celestite deposits are located in the 
western and southwestern states. The rel
ative high cost of overland transportation 
from deposits to markets and the normal 
small-volume demand have to a large ex
tent prevented peace-time competition of 
domestic celestite with the cheap and ex
cellent minerals imported from European 
sources. Texas celestite produced during 
the years 1938-1941 was shipped to intra· 
state markets and ground for use in rotary 

· drilling fluids, and consequently was not 
in competition with imported celestite. 
Shipments from the Texas deposits in 
1942 and subsequent years were made 
possible by the greatly increased war-time 
demand, higher prices, and curtailment of 
importations. 

TYPES OF DEPOSITS 

The celestite deposits now known in 
Texas are restricted to sedimentary rocks 
of Cretaceous and Permian age in central 
and west-central Texas. Three types of 
deposits have been recognized: (1) nod
ular deposits, (2) cavern deposits, and 
(3) blanket or bedded deposits. Of these, 
only the blanket deposits are of proven 
commercial importance. 

Nodular deposits.-The nodular de
posits, which consist of crystalline nodules 
and crystal-lined geodes up to 12 inches or 
more in diameter disseminated in beds of 
limestone or shale, are by far the most 
widespread type. Nodular deposits are 
particularly characteristic of the Lower 
Cretaceous Glen Rose formation, being 
known at a number of localities along 
some 300 miles of the formation outcrop 
through central Texas, but they also occur 
in the Clear Fork and Double Mountain 
Permian strata of west·central Texas. 
Typical nodular deposits of the Glen Rose 
formation occur at Mt. Bonnell, about 5 
miles west of Austin in Travis County; in 
the bed of South San Gabriel River at the 
crossing of State highway No. 29 in Wil
liamson County; and on Little Lucy 
Creek, 6 miles north of Lampasas in 
Lampasas County. Nodular celestite oc
curs in red sandy shales of the Clear Fork 
Permian at Castle Peak, 7.5 miles south of 
Merkel in Taylor County. The nodules 

are discoid or biscuit-shaped and are em· 
placed in the host rock with their flat 
surfaces parallel to the bedding. The 
nodule-bearing zone, which is well ex
posed on the south and west sides of Castle 
Peak, is 20 to 30 feet thick and from 50 to 
80 feet below the contact of unconform· 
ably overlying Cretaceous beds. Within 
the nodule zone some thin seams of celes
tite have developed along bedding planes 
and in variously oriented fractures, and in 
one place on the west side of Castle Peak 
celestite forms the cementing material in 
a small conglomerate lense. In the vicin
ity of the blanket deposits in Nolan, Coke, 
and Fisher counties, some small deposits 
of nodular celestite occur in several hori
zons of the Double Mountain Permian 
strata. 

Unsuccessful attempts at commercial 
production of nodular celestite were made 
in 1904 and 1917 at Mt. Bonnell in Travis 
County. The low ratio of celestite to 
waste rock in all of the known nodular 
deposits precludes consideration of them 
as commercial propositions, although it is 
possible that under favorable conditions 
of topography, workable secondary de
posits may have accumulated by weather
ing of the nodule beds. Small-scale ex
amples of such secondary concentration 
are seen at Castle Peak in Taylor County 
and along a tributary of Blanket Creek, 
2.5 miles south of Blanket in Brown 
County. 

Cavern deposits.-Celestite occurs on 
the walls of a small cavern on the Miller 
ranch, 13 miles west and 5 miles south of 
the junction of U. S. highway No. 83 and 
State highway No. 41 in Real County. The 
cavern is developed in massive Cretaceous 
limestone from 10 to 15 feet below the 
present surface. It is about 25 feet long, 
14 feet wide, and 5 feet high with a nar
row opening extending about 40 feet 
beyond the main cavity. Bat guano covers 
the cavern floor to a thickness of several 
feet. The celestite occurs as a crystalline 
mass from 1 to 2.5 feet thick on the west 
and south walls. Singly terminated pris· 
matic crystals from half an inch to 4 
inches in diameter extend outward into the 
cave froin the celestite mass. The crystals 
are strongly marked by etching channels 
which have developed along the planes of 
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cleaveage. Calcareous dripstone, later 
than the celestite, forms thin encrustations 
over parts of the deposit. Although this 
deposit was obviously quite small, it was 
opened in 1943 and about 70 tons of the 
high·grade celestite was produced. In the 
vicinity of this cavern and in other parts 
of the southern Edwards Plateau, numer
ous caverns have formed in the Creta
ceous limestone; hence it is possible that 
other cavern celestite deposits may he 
found within the region. 

Blanket or bedded deposits.-Blanket or 
bedded deposits are thin, flat-lying sheets 
or lenses of celestite in sedimentary rocks 
occurring in the Nolan and Brown districts 
in west-central Texas. The deposits were 
formed by replacement in thin dolomitic 
limestones. Evidence for origin by re
placement for the main body of the depos
its is seen at numerous localities where 
masses of unreplaced or weakly replaced 
limestone or dolomitic limestone are con
tained within celestite. It is possible, 
however, that some part of the celestite 
was deposited contemporaneously with the 
dolomitic limestones. Some veinlets of 
fibrous celestite are clearly later than the 
blanket deposits, as they cut across the 
blanket deposits and extend into overlying 
and underlying beds. The degree of com
pleteness of replacement varies greatly 
from place tQ. place within a single bed. 
Commercial deposits represent areas of 
more complete replacement separated by 
areas of weakly replaced or unreplaced 
limestone. Such deposits range from a 
few hundred square yards to 10 or more 
acres in area and from 2 to 20 inches in 
thickness. No structural condition com
mon to all or most of the blanket deposits 
has been recognized which would explain 
the localized concentrations. 

NOLAN DISTRICT 

The Nolan district is a relatively nar
row belt extending over a distance of 
about 45 miles in a general north-south 
direction and including parts of Nolan, 
Coke, and Fisher counties. 

The celestite deposits of the Nolan dis
trict occur in strata of the Double Moun
tain group of Upper Permian age. In the 
northern part of the district, in Fisher 
County, the celestite is apparently restricted 

to the single horizon of the Claytonville 
dolomite near the top of the Peacock 
(Whitehorse-Cloud Chief) formation. In 
the central part of the district, near Sweet
water in Nolan County, the main deposits 
occur at several horizons within the group 
of strata from 30 to llO feet below the 
Claytonville, hut minor occurrences are 
found at several levels still lower in the 
section. The deposits of the Blackwell 
area in the southern end of the district also 
occur at several horizons. These horizons 
may correlate in part with the celestite
hearing beds of the central area, or they 
may he somewhat lower in the section. No 
definite stratigraphic marker was recog
nized in the immediate vicinity of the 
southernmost deposits. 

The rock strata comprising the celestite 
zone consist of soft sands and sandstone, 
shales, and thin beds of dolomite and dolo
mitic limestones. (See sections I, II, and 
III.) The dominant color of the sand
stones and shales is red or reddish-brown, 
hut some of the sands have been leached to 
a light gray or white. The dolomites are 
gray, brown, and pinkish. The strata have 
a gentle regional dip to the west or north
west and have been only slightly affected 
by local structural deformation. Some 
minor faults were observed in the southern 
part of the district, and local slumping was 
observed on the Martin ranch in the north
ern part. 

The celestite occurs as partial and, more 
locally, as complete replacements in the 
dolomite and dolomitic limestone beds 
forming blanket or bedded deposits. It 
also occurs in thin seams and in nodule 
sequences along bedding planes and as 
well-developed crystals lining calcareous 
geodes in the sandstone beds. Celestite or 
strontianite may occasionally form the ce
menting material in localized segments of 
the sandstones. It is only in the case of 
replacement in the dolomitic beds that the 
celestite occurs in quantities of commercial 
importance. 

The celestite is most commonly in the 
form of white, somewhat massive, crystal
line aggregates in which the individual 
units are closely packed and do not exhibit 
typical crystal faces. An appreciable per
centage of the mineral, however, is granu
lar in form, occurring as beds or seams 
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consisting mostly of granulitic celestite and 
as individual grains disseminated in the 
carbonate rocks. Concretionary celestite 
is often seen along bedding planes in the 
Permian rocks but is not directly associated 
with the principal deposits. Occasionally 
excellent small, tabular, transparent crys· 
tals are found within geodes and in solu· 
tion cavities. Rarely a coarse fibrous va
riety of a pale greenish-blue color is found 
in cracks and joints in the celestite beds 
and in contiguous strata. This type of oc
currence suggests that the fibrous variety is 
recrystallized from the original celestite. 

Localities and description.-Although a 
large number of celestite occurrences are 
known in widely scattered places in the 
Nolan district, the deposits which may have 
commercial importance are confined within 
three relative! y localized areas. These 
areas are definitely related geologically in 
that the deposits of each have a similar 
mode of occurrence and all are within the 
Upper Permian beds but are separated 
from each other geographically. For con
venience of reference in this paper, each 
area has been given the name of the town 
to which it is nearest, and the individual 
deposits or localities are designated by the 
name of the owner or owners on whose 
land the deposits occur. The three areas 
are Sweetwater, Blackwell, and Roby. The 
Sweetwater area is separated from the 
Blackwell area to the south by a broad 
divide of overlying Cretaceous rocks and is 
separated from the Roby area to the north 
by a long belt of almost barren strata. A 
map of each area is included in this paper 
to show the location and distribution of the 
main deposits. 

SWEETWATER AREA 

The central part of the Sweetwater area 
(fig. 38) is located in Nolan County near 
Shaufler Switch about 5 miles south and 
west of Sweetwater. The area extends from 
Lake Trammel dam northward about 3 
miles along both sides of Sweetwater Creek 
valley and along tributary valleys entering 
Sweetwater Creek from the west. The cel
estite occurs in several different dolomitic 
beds (see section I for stratigraphic rela
tionship). In none of the beds is the 
degree of mineralization uniform over the 
entire area. Beds 2 and 4 of the section 

are by far the most extensively mineral
ized; both contain celestite in some quan
tity at almost every place where they are 
exposed in the area. Beds 6 and 8 contain 
relatively minor amounts of celestite and 
only in isolated localities on the west side 
of Sweetwater Creek. 

"""-Outcrop of celestite-be;,;i~9E~ds (~. 2 and No. 4) . 
I Celestite de~it SCAL~ Celest1te open pit mine 

6.,~~"'"====---.....,;2MILES 

Fig. 38. Sketch of Sweetwater area, Nolan 
County, Texas. 

The thickness of these strontium-bearing 
beds varies considerably, the beds being in 
general thickest where mineralization in 
them has been most complete, and thinnest 
where little or no replacement has taken 
place. Each of the dolomite beds exhibits 
to some degree thin bedding bands or lam
inations, along the planes of which solution 
cavities and passages have developed. Re
placement by celestite may have taken 
place concurrently with the solution and 
removal of the dolomite. The celestite has 
formed as crystal growths within these bed
ding plane openings, more or less filling 
them, as well as on the upper and lower 
surfaces of the beds. In some few places 
the beds have been expanded, apparently 
by the force of crystal growth, to as much 
as two or three times their apparent orig-



Texa.s Mineral Resources 117 

inal thickness. More commonly the verti
cal expansion has been relatively slight, 
and the beds consist of roughly alternating 
bands of celestite and thin bands of pink 
or gray dolomitic limestone. The dolo
mitic bands contain some percentage of 
fine granulitic celestite. 

Bed 4 of section I is the horizon from 
which celestite is being mined on the 
Boothe Brothers ranch, one-half mile north 
of Ada School. This bed is normally 
more completely mineralized and is some
what thicker than the other celestite-bear
ing beds. Also it is more accessible to 
strip mining because it typically forms the 
cap of low bluffs and is either exposed at 
the surface or covered by only a thin 
mantle of overburden for some distance 
back from the outcrop. Bed 2 does not 
usually form an independent bluff; its out
crop in the area is nearly everywhere 
almost directly beneath that of bed 4; con
sequently, it is covered by a minimum of 
4Yz to 6 feet of overburden. 

Section l. Measured along slopes of Sweet
water Creek mlley about 2 miles north of Lake 
Trammel, Nolan County, Texas. Asterisks indi
cate horizons containing celestite. 

Thickness 
Cretaceous, Basement sands. Feet 

Unconformity. 
Permian, Peacock formation-

12. Claytonville dolomite, hard, gray, 
laminated, often containing 
manganese dendrites along 
planes of laminae and fre
quently marked by small solu
tion caverns. The Claytonville 
has been cut out locally in 
this area by the unconformity 
at the base of the Cretaceous.. 1.2 

11. Red sandy shales ------ ------------------- 12.0 
10. White, relatively hard sandstone.. 2.8 
9. Red and gray sandstone with thin 

shales -------------------- ------------------------ 16.0 
•s. Dolomite, brown to yellowish. 

This member forms a promi
nent ledge along the west slope 
of the valley west and north-
west from Ada SchooL.____________ 0.7 

7. Red and gray poorly consolidated 
sands with some shales_____ _________ 48.0 

*6. Dolomite, grayish to snuff-brown, 
locally containing replacement 
of celestite, especially on the 
upper surface. This is the dolo
mite on which Ada School is 
built ------- --------------- ---------- --- -- 0.8 

5. Red sands and some shale con· 
taining a characteristic thin 
zone of lavender-colored flaky 
shale and very thin beds of 

Thickness 
Feet 

white sands about 6 feet be-
low the top of the bed .. ______________ 21.5 

*4. Dolomite and celestite; celestite 
mined on the Boothe ranch 
was from this horizon; thick-
ness varies, about ------------------------ 1.2 

3. Red sand, soft ------------------------------- 4.5 
•2. Dolomite and celestite; thickness 

varies, about ----·--------------------------- 0.8 
1. Red sandstone and thin sandy 

shales ---- -------------------------------------- -- 30.0 

Total ------------ --------·----------------------- 139.5 

Boothe locality ( A). 8-This locality is 
0.5 mile north of Ada School on the top of 
a low bluff on the east side of Sweetwater 
Creek, at the site of an open-pit mine. 
This deposit is fairly typical of the occur
rence of celestite in the Sweetwater area, 
and much of the following description will 
apply equally well to other deposits within 
the area. In the Boothe deposit the best 
celestite is found in bed 4 which at this 
locality is from 14 to 20 inches in thick
ness. Bed 2 which is from 8 inches to 1 
foot thick is not being mined, as it contains 
a somewhat lower proportion of celestite 
and is covered by a greater thickness of 
overburden. 

The mined rock consists of white crystal
line celestite irregularly interbedded with 
thinner bands and lenses of pinkish and 
gray celestitic dolomite. The celestite oc
curs throughout the thickness of the bed 
but is more concentrated in the upper por
tion. The quality of the material is fairly 
uniform for a distance of about 600 feet 
along the outcrop, but the proportion of 
celestite decreases in both directions along 
the outcrop away from the locality. The 
percentage of strontium sulphate in the 
mined rock probably will not exceed 70 to 
80 per cent. No attempt has been made 
to concentrate the material except for hand 
sorting at the mine to remove the larger 
pieces of dolomite and the encrustation of 
secondary calcium carbonate which in 
places adheres to the lower surface of the 
bed. 

Mining of the Boothe deposit has been 
confined to date to a narrow strip along 
the outcrop, but test trenches and reentrant 
gullies indicate that the thickness and qual
ity remain fairly uniform for at least sev-

3Qn the several accompanying maps (figs. 38, 39, 40) per· 
taining to the No1an distric t, the localities are designated by 
letter, as A, B. 
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eral.hundred feet in from the outcrop. An 
estimate of at least 40,000 tons of quality 
comparable to that which has been mined, 
covered by a maximum of 3 feet of over
burden, seems to be conservative. 

Ed Evans locality (B} .-This locality 
extends southward along the rim of a low 
bluff starting from 0.1 mile southwest of 
Ada School and 1 mile south of Lake 
Trammel dam. The celestite-bearing hori
zons in this locality are in beds 2 and 4 
and are a continuation of the horizons of 
the Boothe deposit. Minor amounts of cel
estite occur in both beds at different places 
across this farm. The celestite is fine 
grained and is usually disseminated in the 
dolomite. In the exposed portion of the 
beds the ratio of celestite to dolomite seems 
to be everywhere quite low. A trial order 
shipment of the strontium rock was taken 
from this locality, hut no mining has been 
carried on. 

L. B. Scott and D. Roy locality (CJ .
The deposits at this locality are approxi
mately 5.5 miles southwest of Sweetwater 
on the west side of the Panhandle & Santa 
Fe Railroad and a paralleling county road. 
The outcrops are along the rim of some 
low east- and north-facing bluffs. At this 
locality celestite occurs in beds 2, 4, and 6 
of section I. The mineralization in beds 
2 and 4 is similar to that of the Boothe 
deposit, hut the average thickness is not as 
great. Where present in bed 6, the celes
tite is usually in the upper part of the bed 
and is rarely more than 2 to 3 inches thick. 

The best concentration of celestite ob
served at any place in bed 2 is on the south 
bank of the tributary creek near the line 
between the Scott and Roy land, one-half 
mile west of the railroad. At this place 
the strontium rock locally attains a thick
ness as great as 18 to 20 inches, then thins 
abruptly to a layer only 1 to l 1h inches 
thick. The thicker portion of the deposit 
contains a relatively high proportion of 
celestite in crystal aggregates and is com
parable in quality to the best material 
being mined on the Boothe property. The 
deposit, however, appears to be small, and 
unless it widens away from the outcrop 
only a limited tonnage could he recovered. 
Bed 4 at this locality is 4 feet above bed 2, 
but, contrary to usual conditions, it con
tains a lower percentage of celestite than 
bed 2. 

A celestite deposit in bed 6 occurs about 
0.3 mile west of Shaufier Switch, about 30 
feet above and on the slope back of the 
first low bluff facing the railroad. The 
occurrence is similar to that described in 
the lower dolomite beds. The quantity of 
material is so small as to have little interest 
as a commercial possibility, but it suggests 
the likelihood of other, and perhaps larger, 
concentrations in this same horizon. 

Somnerville locality (D}.-This locality 
is on the Somnerville farm about 5 miles 
southwest of Sweetwater and 0.5 mile 
northwest of Shaufier Switch on a low bluff 
along both sides of a small tributary creek. 
The celestite is in beds 2 and 4 and is sim
ilar to the deposits at the Boothe and Scott 
localities, except that the celestite bands 
are thinner and the exposed rock is more 
porous and friable. Earthy impurities 
have entered the small cavities within the 
outcropping portion of the beds. Very lit
tle difference is observed in degree of min
eralization of the two beds; both contain 
appreciable percentages of celestite which 
is rather intimately interbedded with dolo
mite layers, and for this reason the min
eral could not be concentrated by hand 
sorting. The beds have an average thick
ness of about 10 inches. A large quantity 
of the strontium rock is present at and near 
the surface. 

E.W.W. Hopkins locality (E).-This lo
cality is on the E.W.W. Hopkins farm, 1 
mile west of Shaufier Switch, in a pasture 
about 400 feet south of the field fence and 
along the west slope of a ridge. The cel
estite at this locality occurs in or near the 
horizon of bed 8. Only one or two very 
small outcrops are visible, the remainder 
of the bed being covered by sheet wash and 
soil. Several test holes indicate that the 
deposit is quite variable in respect to both 
quality and quantity. The thickest ob
served portion of the bed was from 8 to 10 
inches and contained an unusually high 
percentage of crystalline and granular cel
estite, while the thinner portions, which are 
only about 2 or 3 inches thick, consist of 
low-grade material. 

The localities and deposits listed above 
represent the best concentrations of cel
estite outcropping in the Sweetwater area. 
Most of the deposits, specifically those oc
curring in beds 2 and 4, do not actually 
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terminate within the described localities, 
since these two beds are continuous from 
one deposit to the other, as shown by the 
outcrop line on the map of the Sweetwater 
area (fig. 38). However, the strontium 
rock seen in the intervening areas is either 
too low in quality or is in such small quan· 
tities as to have very little importance. 
The beds which contain celestite are cov
ered in a number of places, particularly on 
the east side of the divide between Cotton
wood Creek and Sweetwater Creek and 
along the west slope of Sweetwater Creek 
valley. In all probability other concen
trations of celestite exist within these cov
ered areas. 

No precise statement as to the quality of 
the strontium rock in the Sweetwater area 
can be made because the percentage of 
strontium sulfate is so variable from place 
to place that a very large number of care
.fully chosen samples would have to be 
analyzed before the average quality could 
be ascertained. Most of the material is 
low grade, probably only 40 to 60 per cent 
strontium sulfate, but in some of the depos
its described above, material containing 80 
per cent or more of strontium sulfate can 
be obtained. Large reserves of low-grade 
celestite are available in the area. 

Accessibility.-Practically all of the cel
estite in the Sweetwater area is easily ac
cessible to good secondary roads, and rail
way facilities are especially fortuRate. 
Shaufler Switch on the Panhandle & Santa 
Fe Railroad is located near the center of 
the area and is within not more than 2 or 
3 miles of all the known deposits. Sweet
water, which is serviced by two railroads 
and good highways, is within 6 or 7 miles 
of the most distant deposit in the area. 

BLACKWELL AREA 

The Blackwell area (fig. 39) lies in the 
southern part of Nolan County and in the 
adjacent northern part of Coke County. 
The knO'Wn deposits extend from the valley 
of Brushy Creek on the south to at least 
as far north as the Blackwell-Maryneal 
road. The central portion of the area lies 
near Antelope School, 4 miles west of 
Blackwell, and about 1.2 miles north of the 
Nolan-Coke County line. The celestite oc
curs in several separate deposits, the best 
and most extensive of which are within the 

southern one-half of the area. There is a 
good possibility that additional deposits 
occur in the unexplored territory along 
and to the south of the valley of Brushy 
Creek in Coke County. 

1-MAllYN[At 

1111 Celestite deposit 
SCALE 

"----'"====="----'2 MILES 

Fig. 39. Sketch of Blackwell area, Nolan and 
Coke counties, Texas. 

The deposits which have potential com
mercial importance occur in thin beds from 
2 to 8 inches thick. Here, as in the Sweet
water area, the celestite is in blanket de
posits formed by replacement of dolomitic 
limestones. Unlike the occurrence in the 
Sweetwater area, however, the replacement 
within a given bed is more often nearly or 
quite complete. Where present in the de
posit, the unreplaced dolomite or limestone 
is usually in the lower part of the bed and 
is relatively easy to separate from the cel
estite. The celestite horizons appear to be 
lenses of only local extent. 

The celestite is in both crystalline and 
granular form. It is usually white but not 
infrequently tinted pinkish, yellow, and 
dark gray by included impurities. Impur
ities in the beds include unreplaced por
tions of the original carbonate rocks and 
earthy materials which have entered the 
bed through cavities and joints, particu
larly near the outcrop where weathering 
has rendered the bed more porous. 
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In the following section (section II), the 
stratigraphic relationship of several hori
zons can be seen. This section starts in a 
bluff on Antelope Creek, one-fourth mile 
west of Antelope School and adjacent to 
north side of county road on the Oden 
farm; all beds above bed 14 in the section 
are measured at successive upstream 
points from the above locality, while all 
beds below bed 10 in the section were 
measured at successive downstream points. 
Measurements were made with steel tape 
and hand level. 

Section II. In Double Mountain Permian ill 
southern Nolan County, Texas. Asterisks indi
cate horizons containing celestite. 

Thickness 
Feet 

Trinity sandstone. 
Unconformity. 

Double Mountain Permian-
41. Sandstone, soft, brown, eroded at 

top ··········- -----·--··········-····-······ 
40. Shale, soft, brownish-red 
39. Sandstone, soft, light brown 

mixed with gray ·········-·····-········ 
38. Clay, brown, sandy ....................... . 
37. Sandstone, medium soft, brownish 
36. Sandy shale, platy bedding, 

brown ··········-------------················ 
35. Sandstone, soft, white, medium 

to coarse in grain size ---- ·-----------
34. Sandstone, massive, medium 

grained, light brown ................. . 
33. Shale, reddish-brown, sandy ··- ···· 
32. Sandstone, massive, medium hard, 

medium grained, brown grad
ing to gray and white in upper 
portion ····-··-··········-·················· 

31. Clay, cocoa-brown ......................... . 
30. Sandstone, medium grained, white 
29. Siltstone, coarsely nodular, cocoa-

brown ........................................... . 
*28. Dolomite with varying amounts of 

celestit e replacement ; bed is 
wavy in attitude, irregular in 
thickness ··············-····················-

27. Clay, cocoa-brown, containing 
some lighter colored streaks of 
fine-grained sand and silt ····-···· 

26. Sandstone, medium hard, sac
charoidal texture, gray to white 

25. Sandstone, m i c a c e o u s , fine 
grained, l ight brown ............... . 

24. Sandstone, medium hard, light 
reddish-brown ........................... . 

23. Sandstone, very well stratified, 
light gray to white ................... . 

22. Siltstone, coarsely nodular, cocoa 
color, jointed ............................. . 

*21. Clay, silty, brown, containing 
seams of celestite ················-···· 

20. Sandstone, fine grained, brown 
with gray flecks ··········- ··········--

2.0 
4.0 

3.2 
l.6 
2.2 

l.6 

2.6 

4.0 
0.7 

6.1 
l.O 
0.8 

3.6 

0.8 

2.1 

l.l 

3.2 

7.5 

4.9 

4.0 

0.8 

2.8 

Thickness 
Feet 

19. Sandstone, medium soft, cocoa-
brown ........................................... . 

18. Siltstone, brownish, thin bedded 
and nodular ···-···········- ·············· 

17. Sandstone, massive, brown, me· 
dium hard ····-····-··········- ·- ········· 

16. Sandsto?e, . hard, white with 
greemsh tmt ............................... . 

15. Siltstone, nodular, medium hard, 
cocoa-colored ····- ··········-··········-

14. Sandstone, buff brown with gray 
at top and bottom of bed - - -

* 13. Sandy clay and clayey sand c~n
taining thin layers of celest1te 
at and near base ············-----·-

12. Sandstone, semi-indurated, me
dium fine grained, white ------

11. Sandstone, containing abundant 
fine particles of muscovite, 
slightly indurated, reddish-
brown ·························-··············-

HJ. Silty clay, sand-streaked, gray
fi ecked, reddish-brown bed, 
contorted from formation of 
secondary minerals ---·-····------

*9. Dolomite or limy material largely 
replaced by celestite; bed or 
seam is buckled and jointed .... 

*8. Sandstone, massive bedded, mica
ceous, semi-indurated, very well 
stratified; contains joint seams 
and geode filling of celestite, 
reddish to yellowish-brown ..... . 

7. Siltstone, brownish, jointed -······:·· 
*6. Celestite in thin layers and m 

concretion sequence --------------
5. Sandstone, brownish, containing 

fine muscovite particles -----------
4. Clay, silt streaked, reddish-brown 
3. Sand, fine, semi-consolidated, yel

lowish-brown -----····-- - ----- ······ 
2. Silty, clay, reddish-brown, with 

gray streaks ---------------·- -······ 
I. Sandstone, medium grained, sac

charoidal texture, light gray .... 

Total section measured ............. . 

2.0 

2.0 

8.7 

I.O 

4.2 

2.7 

4.2 

4.8 

6.4 

6.5 

0.5 

22.8 
l.O 

0.2 

2.4 
l.2 

3.0 

2.0 

I.7 

138.9 

The Permian strata within this area have 
a gentle dip to the west or northwest. 
Some abnormally steep dips were observed 
in a few places, apparently due to slump
ing and perhaps to local structural condi· 
tions. In such places dips from 2 to 4 
degrees are not uncommon. At one place 
on Antelope Creek a series of small reverse 
faults was seen. 

The celestite deposits at the Will White
side, Jr., the Rufe Whitesides, the McFar
lane and Moore, and the Oden localities 
are at or near the horizon of bed 28 in 
section II. 
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Will Whitesides, Sr., locality (A}.
This deposit is in Coke County, 5.5 miles 
west of Blackwell on the county line road 
and 1 mile south of the Nolan-Coke County 
line, in the bed of Brushy Creek at the 
crossing of a ranch road. At this locality 
is an exposure of more than 1000 square 
feet of a celestite bed averaging 6 to 7 
inches in thickness. The exposed portion 
extends downstream from the road cross
ing. Samples collected from this deposit 
are good-grade material, containing only a 
relatively small percentage of unreplaced 
dolomite and other impurities. The main 
body of the bed is crystalline and granular 
celestite in which cavities lined with excel
lent tabular crystals are not uncommon. 
Some masses up to 3 inches thick of coarse 
fibrous greenish-blue celestite are found on 
the upper surface and in joints within the 
bed. 

Rufe Whitesides locality (B).-This lo
cality lies in Nolan and Coke counties 5 
miles west of Blackwell along the county 
line road and extending from this road 
southward for about 1200 feet around two 
low ridges projecting eastward into a 
cultivated field. 

The deposit is from 3 to 7 inches thick 
and at most outcrops consists almost en
tirely of crystalline and granular celestite, 
although in some places from 1 to 4 inches 
of unreplaced rock is present in the lower 
part. On the low ridge immediately adja
cent to the south side of the county line 
road, this bed is at or very near the surface, 
but on the second and somewhat higher 
ridge to the south it is overlain by 12 to 18 
feet of sands except along the weathered 
slopes. The outcrop is everywhere incon
spicuous and, particularly on the second 
ridge, is often completely concealed by 
sand creep. A large quantity of raw cel
estite could be easily and cheaply recov
ered from this deposit provided the quality 
and quantity of outcropping material re
mains uniform underground. In an area 
of about 4000 square yards the celestite 
bed is overlain by only a thin overburden 
of soft sands. 

Will Whitesides, fr., locality (C}.-This 
deposit is located 4.8 miles west of Black
well on the county line road and 0.3 mile 
north of the road. It is on the southeast 
end of an uncultivated ridge extending into 

a cultivated field and extends both north 
and south from a farm house at the locality. 

The occurrence is altogether similar to 
that of the Rufe Whitesides locality de
scribed above, and both deposits probably 
belong to the same horizon. The bed aver
ages 3 to 6 inches thick and consists of 
good quality celestite. The outcrop is in
conspicuous at best, but it is usually 
marked by a relatively dense growth of 
vegetation, particularly by the small thorny 
shrub known as catclaw. At several places 
the slope of the ridge above the outcrop is 
very gentle, and consequently a consider
able area of the bed lies at a shallow depth. 
The most practicable place seen for mining 
the celestite is on a flat surface on the 
southeast end of a low ridge about 700 feet 
south and west of the farm house. At this 
place the celestite bed underlies a thin 
mantle of soil and sand in an area of 
nearly 2000 square yards. The mineral
ized portion of the bed was not traced to 
its limits in either direction along the strike 
due to covering of the outcrop by sand 
creep from higher levels. 

R. L. Mcfarlane and Moore locality 
(D}.-This locality is 4.6 miles west and 1 
mile north of Blackwell, about 0.4 mile 
southwest from Antelope School, and 400 
feet south of an east-west county road, near 
the top of a low ridge. 

Celestite occurs at two horizons, the 
lower of which appears to be discontinu
ous and contains a poor grade of material. 
The upper bed may be coextensive with 
the deposits on the Will Whitesides, Jr., 
and the Rufe Whitesides localities, and 
possibly with the celestite bed of the J. A. 
Oden locality. This bed is from 3 inches 
to a maximum of 7 or 8 inches thick. Out
crops are very poor, but the. horizon can ~e 
approximately located by its topographic 
expression; the slopes of the ridge are com
paratively flat for a short distance above 
the celestite horizon and usually steepen 
perceptibly immediately below it. The 
soft sand and clay strata immediately 
above and below this horizon do not pro
duce inequalities in the slope profile. A 
number of test pits in the north side of a 
cultivated field and in the edge of the adja
cent pasture on the Mcfarlane land re
vealed celestite of good quality. The bed 
is continuous eastward across the Moore 
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farm but apparently decreases in quali•y 
in that direction. 

!. A. Oden locality (E).-This locality 
is 4 miles west and 1.5 miles north of 
Blackwell and about 0.5 mile north of 
Antelope School near the top of a broad 
divide between prongs of Antelope Creek. 

The Oden deposit is similar ;n occur
rence and in quality to the deposits on the 
Whitesides and Mcfarlane land. The cel
estite occurs at different topographic levels 
and may be in more than one bed. How
ever, different horizons were not found in 
juxtapos1t1on, and, since slumping is 
known to occur in the immediate vicinity, it 
is possible that a single bed appears at 
varying levels. No good outcrops are 
present in any part of the deposit due to 
the tendency of the soft overlying sand to 
mask the lower slopes and to the incompe
tent character of the celestite bed. In 
places the position of the bed can be deter
mined by pieces of celestite "float" on the 
slopes slightly below the level of the hori
zon. It is necessary to dig test trenches at 
the approximate horizon to find the celes
tite in place. 

The celestite is good quality and aver
ages 4 to 5 inches in thickness. Through 
the central portion of the divide the bed 
is from 12 to 16 feet beneath the surface, 
but on the east end of the divide and on 
the north and south slopes, areas of con
siderable size can be found in which the 
deposit is covered by less than 3 feet of soft 
overburden. 

fo e Jordan locality (F).-This locality 
is 5 miles west and 3.2 miles north of 
Blackwell and extends for some distance 
along both sides of Eagle Creek. The best 
exposures are in some prominent bluffs 
on the west side of the creek, 0.2 mile west 
and north of the Jordan ranch house. The 
celestite occurs in several horizons, as in
dicated in section III below, but in only 
two horizons, beds 10 and 18 of the section, 
is the mineral found in any appreciable 
quantities. From the bluffs these two beds 
can be traced in successive outcrops for a 
distance of at least one-fourth mile in each 
direction along the west side of Eagle Creek 
valley. Opposite the prominent bluffs on 
the east side of the creek, bed 10 outcrops 
near the top of a lower bluff where it is 
overlain by several feet of terrace gravel; 

other good outcrops of the same bed ap
pear on the east side of the creek about 
1800 feet upstream from this point. 

Both celestite-bearing beds are contorted 
and have a tendency to thicken and thin 
markedly in short regular intervals. The 
average thickness is not more than 4 inches 
and may be somewhat less. The celestite 
is mostly in granular form, but some small 
crystalline masses are also present. Both 
beds contain a high percentage of impuri
ties, including limestone, calcite, sand, and 
iron oxide. The following section was 
measured along a steep bluff on the west 
side of Eagle Creek on the Jordan farm, 
about one-fourth mile west-northwest of 
the farm house and 2llz miles north of 
section II. 

Section Ill. In Double Mountain Permian, 
Nolan County, Texas. Asterisks indicate horizons 
containing celestite. 

Trinity sandstone. 
Unconformity. 

Double Mountain Permian-

Thickness 
Feet 

24. Sandstone, gray, medium fine 
grained ---------------------------------------- 2.5 

23. Shale, reddish-brown -------------------- 3.0 
22. Sandstone, soft, brown, fine 

grained - ------- ---------------------------- 3.0 
21. Sandstone, medium soft, uniform 

gray ------------------- - --- -------------------- 3.8 
20. Sandstone, fine grained, mica

ceous, brown with gray 
splotches ·--- ------------ ------------------ 5.8 

19. Shale, silty, cocoa-brown -------------- 1.5 
• 18. Celestite bed, largely coarsely 

crystalline, irregular in thick-
ness; bed is wavy or buckled ____ 0.1 to 

0.5 
17. Sandstone, micaceous and silty, 

brown and gray -------------------------- 5.9 
16. Shale, brown with bluish-gray 

tints --------------------------------------------- 1.8 
15. Sandstone, white, well bedded 

with harder layers at top____________ 3.0 
14. Shale, brown, soft ------------- ---------- 1. 7 
13. Sandstone, mostly massive but 

more thin bedded at top, lower· 
portion brown but grading up-
ward to gray ------------------------------- 5.8 

12. Sandstone, massive, cocoa-brown 
in the main but grading up-
ward to gray; soft sands ---------- 7.7 

11. Shale, soft, reddish-brown with 
gray spots -------------------------------- 4.9 

•10. Celestite bed; bed consists of 
several indefinite layers; is con-
torted and wavy in section_____ 0.3 to 

0.8 
•9. Sandstone, thin bedded at top 

with thin seams of celestite 
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Thickness 
Feet 

along bedding planes, cocoa-
brown ------------------------------------ 5.5 

8. Sandstone, medium hard, well 
bedded, white ---------------- - --------- 0.9 

7. Sandstone, fine grained, cocoa-
brown ---------- ---------------------------- 3.0 

6. Sandstone, well bedded, white______ 1.5 
• 5. Sandstone, micaceous, contain

ing numerous cracks and ge
odes filled with celestite, pink-
ish-tan color -------------------------------- 4.5 

4. Sandstone, micaceous, medium 
hard, massive bedded and 
brown in lower portion, gray 
and well stratified in upper 
portion; gray portion has "ef-
florescent" surface texture ____ __ 6.4 

3. Clay, reddish-brown, grading up-
ward to siltstone --------------------- 2.3 

2. Sandstone, fine grained, pinkish-
brown ------------------------------------------- 2.2 

1. Silty clay, •ed with bluish flecks.. 2.0 
Stream bed. 

Total ------------------------------------------- 79.l to 
80.4 

Other deposits of similar material, prob
ably an extension of beds 10 and 18, occur 
on prongs of Eagle Creek near the crossing 
of the Blackwell-Maryneal road. Also 
one bed of similar appearance outcrops 
near Antelope School in Antelope Creek; 
this is bed 9 of section II. 

ROBY AREA 

Minor amounts of celestite occur at nu
merous places in the Claytonville dolomite 
in Fisher County, but the only known de
posits of any importance are within the 
Roby area (fig. 40). This small area lies 
east of Buffalo Creek in the Hobbs commu
nity in the central part of the county and 
is crossed by State highway No. 15 about 
11.5 miles west of Roby. 

The celestite in this area is confined to 
the single horizon of the Claytonville dolo
mite in which it occurs as a replacement 
mineral. Most of the mineral is in coarse 
white crystalline aggregates, but some 
smaller amounts of granulitic celestite are 
also present_ The dolomite stratum con
taining the celestite is continuous between 
the several deposits, the deposits being sep
arated only by unmineralized portions of 
the bed_ 

Will Martin locality ( A).-The deposit 
at this locality covers about 10 to 12 acres 

LEGEND 
__,. C!aytonvil le dolomite outcrop 
9 Celestite deposit 
rl Triassic outlier 

~ Open pit celestite mine 

SCALE 
0"--m:==i11 ---~2 MILES 

Fig. 40. Sketch map of Roby area, Fisher 
County, Texas. 

on the top of a narrow ridge in a pasture, 
one-fourth mile south of State highway No. 
15 and one-fourth mile west of a north
south county road. In most of this local
ity the celestite-bearing stratum has been 
affected by a slumping sufficient to produce 
a relief of about 15 feet within short dis
tances along the direction of the normal 
strike of the bed. The slumping is evi
denced in localized depressions and also in 
an abnormally steep westward dip in the 
dolomite bed across the narrow ridge. The 
steep dip is not evident in other near-by 
exposures and so is probably the result of 
larger scale subsidence in the area imme
diately west of the present ridge rather 
than to structural folding. Some of the 
best concentrations of celestite lie within 
the slump depressions, and there may be 
some relation between the deformation of 
the bed and the replacement by the celes
tite, although at other smaller deposits 
within the area no evidence of slumping 
was observed. 
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In the Martin locality the celestite-bear
ing dolomite is everywhere either at the 
surface or covered by only a few inches of 
soil. The extent to which the celestite has 
replaced the dolomite varies from place to 
place within the deposit. In some re
stricted places practically the entire bed 
from 12 to 18 inches thick has been 
replaced, but in the greater part of the 
deposit celestite does not comprise more 
than 30 per cent of the total thickness. 
The celestite is usually most concentrated 
in the upper one-half of the bed. Mining 
at the Martin locality was begun in 1943. 

Other localities.-There are several 
small deposits of celestite on the north side 
of State highway No. 15, as indicated on 
figure 40. Much of the celestite in these 
deposits appears to be high-grade material, 
but it occurs in such small quantities as to 
make the deposits of very doubtful eco
nomic importance. The celestite is usually 
in sheets or layers of irregular thickness 
on the upper surface of the bed and to some 
extent interbanded with the dolomite. The 
celestite is not easily detached from the 
dolomite. 

BROWN DISTRICT 

The Brown celestite district lies in east
ern Brown County and extends into adja
cent parts of both Comanche and Mills 
counties. The best and most extensive 
deposits, and those with which this report 
is primarily concerned, lie within the area 
in eastern Brown County shown on figure 
41. Other occurrences have been found 
south, east, and northeast of the mapped 
area, but so far as is known the material in 
these deposits is present in only unimpor
tant quantities. The deposits in the 
mapped area extend for about 9 miles in a 
general north-south alignment roughly cor
responding to the strike of the strata in 
which the deposits occur. 

Geology and occurrence.-The celestite 
of the Brown district occurs near the mid
dle of a section of strata about 250 feet 
thick belonging to the Trinity group of 
Lower Cretaceous age. The lower and 
upper parts of this Trinity section consist 
primarily of soft sands and clays, but near 
the middle is a zone consisting of impure 
limestones, shales, and fine sands, which 
presumably represent a marginal facies of 

the Glen Rose formation. The celestite is 
associated with the impure limestones and 
shales of the middle zone. The middle 
zone is usually easy to locate, as the several 
relatively resistant members characteristi
cally form low cuestas and flat-topped 
stream divides, whereas the lower and 
upper parts of the Trinity weather into 
gentle, sandy slopes. The following in
complete section is fairly typical of the 
middle zone within the extent of the 
mapped area. 

Section IV. Measured on the west slope of a 
small valley along an east-west road separating 
lands owned by Pierce Burns and R. L. Miller; 
about 13 miles northeast of Brownwood, Brown 
County, Texas. Asterisks indicate horizons con· 
taining celestite. 

Thickness 
Feet 

•11. Sandy shale, greenish-gray, soft ; 
contains stringers of fibrous ce· 
lestite in lower portion ····-········ 11.2 

•10. Celestite bed, white to yellowish
brown; bed contains shale part
ing near middle and is limy in 
upper part; both granular and 
aphanitic varieties of celestite 
are present ·-·······-··-····- -··------- 0.8 

9. Shale, green, soft, and occasion-
ally containing calcite nodules 0.9 

8. Sandy limestone, yellowish-gray, 
impure, nodular ---------------------·- ·· 1.3 

7. Shale and sandy shale, greenish 
to tan ------------------------------ 6.8 

6. Limestone, bright yellow with 
black flecks, hard, massive ----- 2.3 

5. Sand, gray, soft - - - ------- ----- ----- 1.2 
4. Sandy limestone, bright yellow 

with black flecks, medium soft 0.8 
3. Sand and sandy clay, blue-gray 

and reddish, soft - ------------- 9.5 
2. Shale, blue, soft -----------------------·- 0.3 
1. Limestone, yellowish-gray, nodu-

lar, fossiliferous ··------·-----·--·--·- 0.9 

Total ·····------·-·--······------···--·----- 35.8 

This section cannot be matched bed for 
bed even in near-by exposures, since some 
of the members are subject to rapid change 
of facies. The general character of the 
section, however, remains fairly constant 
throughout the mapped area. The celes
tite bed, bed 6 of section IV, and the liµie
stone bed, bed 10, are the most persistent 
recognizable members, and although they 
are absent from the section in some places, 
they can be found in most of the area 
where the middle zone is exposed. Also, 
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the interval separating these members re
mains rather constant in thickness but 
changes in lithologic character from place 
to place. A stratum of green shale usually 
about 1 foot thick, but sometimes several 
times this thickness, always lies immedi
ately above the celestite bed, but the stra-

' Celestite horizon 
_,- Inferred celestite horizon 

,,td Celestite deposit 

tum immediately underlying the celestite 
may be either sandstone, limestone, or 
shale. The bedded or blanket deposits, 
which are the only deposits which can be 
considered important from the standpoint 
of commercial development, are all in or 
near the horizon of bed 6 throughout the 

· .. ""' 
.__. : 
xx 

\_ . 

28 

x Minor deposit; geodes, nodules, etc. 

: ~ Pit, mine, or quarry 

SCALE 
0 2 MILES 

1=-=~~""""=======3-~~--

Fig. 41. Sketch map showing principal celestite deposits of the Brown district. 
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area; but celestite in veins or seams, in 
disconnected irregular masses, and in 
geodes and nodules appears locally at dif
ferent levels above and below this bed. 

Several varieties of celestite occur in the 
Brown district. Most of the bedded mate
rial is coarsely granular in texture, but 
considerable quantities of both fine-grained 
or aphanitic material and of crystalline 
aggregates also occur and are more or less_ 
intermixed with the granular material. 
Fibrous celestite consisting of exceedingly 
slender white to pale blue acicular crystals 
is quite commonly associated with the bed
ded deposits and is found in veins and 
joints in other horizons. Occasionally ex
cellent tabular crystals are found in geodes 
and in cavities within the bedded deposits. 

The bedded deposits vary in thickness 
from about 2 inches to a maximum of 12 or 
14 inches, the average being perhaps 4 or 
5 inches. The deposits everywhere contain 
some quantity of impure limestone and 
shale, and minor amounts of barium sul
phate, calcite, and iron oxide are also usu
ally present. Neither the thickness nor 
the quality of the celestite remains constant 
except in relatively limited localities. Out
crops of the bed, particularly where it is 
composed primarily of granular material, 
are often deceptive. Weathering tends to 
cause the constituent granules to loosen 
and separate and thus expand the bed to 
greater than its original thickness. These 
abnormal thicknesses are frequently seen 
in the outcrop along relatively steep slopes, 
where weathering is fairly rapid, but do 
not occur on the slowly weathering gentle 
slopes where the friable character has per
mitted the bed to be reduced and the parti
cles assimiliated into the soil. The ex
panded portions are relatively free of the 
carbonate diluents, presumably because of 
leaching concurrent with the expanding 
process, since limestone in some quantity 
seems everywhere present in the unweath
ered parts of the deposit. 

Exposures of the celestite bed are usually 
in a series of disconnected outcrops each of 
which projects outward beyond the general 
line of strike. This feature is explained in 
part by the fact that localized segments or 
areas of the bed are more concentrated and 
contain a larger percentage of aphanitic or 
crystalline celestite, which is more resist
ant to weathering, than intervening 

segments of softer or less concentrated 
material. Test trenching conducted by the 
investigating field unit has shown that the 
celestite bed often, but not always, dimin
ishes in quality and in thickness inward 
from the outcrop. This also is explained 
by differential concentrations in the bed. 

The most important occurrences of celes
tite are in those deposits in which the bed 
is at or near the top of stream divides and 
low ridges. In a number of such places in 
the Brown district considerable quantities 
of celestite occur at very shallow depths, 
and the deposits contain a greater than 
average percentage of dense and crystalline 
celestite. While the granular variety of 
celestite is often comparable in purity with 
the other varieties, it is usually less adapt
able to mining because its tendency to 
crumble causes difficulties and losses in 
handling. 

Localities.-The following list includes 
the names of owners on whose lands celes
tite occurs in the mapped area of the Brown 
district. The numeral succeeding each 
name is the location symbol by which the 
deposits of each ownership can be approxi
mately identified. References to localities 
in the following description will make use 
of these symbols; thus, "Locality 5" refers 
to the deposits or deposits on land own~ 
by Walker Baker, and "Locality 5-A" de
notes a second tract of land of the same 
owner. These localities are designated by 
the numerals on the accompanying map of 
the Brown district (fig. 41) . 

Walter Burns ··································- (1) 
B. F. Fairchild ····················- ············ (2) 
Pierce Burns ······················-····--······ (3) 
R. L. Miller ······················- ·············· ( 4) 
Walter Baker ···························-··· (5; 5-A) 
George Dikes .................................... (6) 
Mary Chambers ................................ (7) 
Boyd property .................................... (8) 
G. C. Maner ··························-····- -·· (9) 
Alpha Baker ············-···-·················- (10) 
J. A. Faulkner ········-············-·········· (11) 
K. Routh ···- ··········- ·····--·····-·······-·· (12) 
G. L. Stewart... ............. ·-····- ·-·········· (13) 
L. H. Hightower .. ·-····················-··· (14) 
E. M. Routh .... ······- ·······················-- (15) 

~:!is ~st~~ed~~r~:::::: :::::=::::::::::::::::::: m~ 
~~n~· ~:i~::~~-t~:::==::::::::=:::::::::=::= ~ ~~~ 
Mrs. Amanda Hughes ·······-··--··-- (20) 
Frank Evans ····-··-············-····------ (21) 
Truman Reagan ··········- ·------------- (22) 
Bird Estate------------- (23) 
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W. L. Thomas··-·····--·---··-····- (24) 
Thomas J. Hughes ............................ (25) 

g~~: R:~f!a_s __ ·::::::::::=:::::::::::::::::=::= ~m 
Roundtree land ························- ····- (28) 

When more than one locality is under
lain by the same deposit, or when several 
very similar deposits occur on adjacent 
localities, the related localities will be dis
cussed in a group. The word "locality" 
is here used in part synonymously with 
"ownership" but in a restricted sense to 
indicate only that part of a given tract in 
which celestite occurs. The word "depos
its" is used most often to refer to concen
trated segments or areas which are consid
ered minable and which are separated from 
other concentrations by intervening seg
ments or areas which do not appear to be 
minable; it does not imply that the differ
ent deposits were laid down at different 
times or under different conditions. 

Localities 1 and 2.-The celestite at these 
localities occurs in a bed averaging 2 to 3 
inches in thickness and in quality is below 
the average for the area. Some small ton
nages of the material could be easily ob
tained on the small knoll extending south 
from the road, where the bed is covered by 
only a thin veneer of soil. 

Locality 3.-This locality contains three 
separate deposits from each of which cel
estite could be economically recovered. In 
all of the deposits the celestite is from 
average to much better than average in 
quality, and the deposits range in _thickness 
from 5 to 14 inches. The deposit located 
on the west side of a small south-flowing 
creek is covered in part by overburden too 
thick for practical mining, but an estimated 
350 tons of good material could be obtained 
from depths less than 3 feet. The two 
deposits located on the east side of the small 
creek underlie relatively large areas of 
shallow overburden. Some excellent hard 
crystalline celestite ranging from 10 to 14 
inches thick was found in several test holes 
extending southwest from the surface tank 
or pond for more than 300 feet. This 
material underlies 20 inches of green shale 
and a thin layer of soil; it is not exposed 
in surface outcrops. 

Locality 4.-This deposit is one of the 
largest in the Brown district. The thick
ness of the bed averages about 8 inches, 

and a large proportion of the celestite is 
aphanitic and crystalline varieties. The 
bed is locally separated by shale partings 
and contains small amounts of unreplaced 
limestone. Some open-pit mining has been 
carried on in this deposit by The Milwhite 
Company, Inc. Overburden on the de
posit ranges in thickness from 0 to 8 feet. 

Localities 5 and 6.- These localities con
tain two deposits separated by a small trib
utary creek. The celestite bed varies con
siderably in both quality and thickness. 
Most of the celestite is granular and will 
usually crumble when being broken from 
the bed. However, both deposits contain 
small areas in which much of the celestite 
is either fine grained or crystalline. At 
such places, one of the best of which is 
about 300 feet west of the farm house on 
Walker Baker's "west place," the celestite 
can be worked with only small losses due 
to crumbling. Locality 6 includes only 
the south tip of the east deposits and con
tains only a small tonnage of material. A 
small amount of celestite has been mined 
at locality 5. 

Localities 7, 8, 9, and 5-A.-Three de
posits ranging from 2.5 to 10 inches in 
thickness occur at these localities. The 
westernmost deposit is the largest; it is 
estimated to contain more than 3000 tons 
of celestite at depths of less than 3 feet. 
A part of the celestite is hard, fine-grained 
material which breaks from the bed in 
platy slabs and consequently could be easy 
to handle. The celestite is unusually thick 
at several places in the deposits, but a con
siderable thickness of overburden covers 
most of the thicker material. Several hun
dred tons of raw celestite were mined in 
the small central deposit (localities 7 and 
8) in 1941. 

Localities 10 and 11.- The principal de
posit is continuous, or nearly so, over both 
these localities. It ranges in thickness 
from 4 to 10 inches, and the quality is 
more than usually uniform. Most of the 
celestite is granular but is intermixed with 
dense and crystalline material and does not 
ordinarily crumble excessively in handling. 
A considerable tonnage of celestite has 
been mined from these localities, and a 
much larger quantity is still available. 

On the south side of Teague Hollow, a 
small west-flowing creek to the south of the 
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main deposit, are a series of small isolated 
deposits, each of which is estimated to con· 
tain from 150 to 400 tons of celestite 
within practicable mining depths. 

Locality 12.-The celestite at this local
ity is largely crystalline and fibrous mate
rial, but the quantity is apparently too 
small to be of importance. Test holes 
have shown that the deposit is frequently 
absent from its horizon inward from the 
outcrop. The relatively large amount of 
fibrous celestite, which presumably has 
been redeposited from the original bed, 
suggests that solutions may have removed 
parts of this deposit. 

Locality 13.-At this locality much of 
the celestite is on the surface, and the re
mainder is covered by a very thin over
burden. Most of the material showing in 
the outcrop is massive, crystalline aggre
gates 6 to 8 inches in thickness. The qual
ity is apparently higher than the average 
for the area, and the small tonnage of cel
estite present could be easily obtained. 

Localities 14, 15, and 16.-Most of the 
celestite at these localities which can be 
considered minable occurs in rather nar
row strips along the line of outcrop. The 
occurrence along the south side of a west· 
flowing creek passing through these local
ities includes unusually thick deposits of 
crystalline and granular material. The 
average thickness through the localities, 
however, is no more than about 4 inches. 
Enough celestite to justify mining opera
tion is visible in the surface exposures, but 
no estimates can be made of the total recov
erable quantity because of the lack of suffi
cient subsurface information and because 
of the known discontinuous character of 
the bed. 

At a point where a tributary creek forks 
into three smaller branches at locality 14 
is an interesting occurrence of discon
nected, irregular masses of celestite which 
lie within or near the horizon of the bedded 
material. Some of these masses attain a 
thickness of nearly 2 feet and may weigh 
as much as a ton. The lower surface of 
the masses is flattened along an underlying 
hard limestone, from which it extends up· 
ward irregularly into a green, sticky shale. 
The laminae of the shale are contorted and 
clearly show the evidence of pressure or 
squeezing on both sides of the upward 

projection of the masses. The celestite 
within these masses is chiefly in a granular 
form but is in part crystalline, and some 
fibrous layers of fine acicular crystals 
occur along the margins of the mass and 
extend outward into the shale. 

Locality 17.-The celestite bed at this 
locality outcrops almost continuously 
around a ridge projecting about one-half 
mile north from an east-west road which 
crosses the eastern margin of the locality. 
Outcrop thicknesses range from 2 to as 
much as 14 inches. The thicker portions, 
which are quite local, are found on the east 
and northeast sides of the ridge. At a 
point on the east side of the ridge, where 
the outcrop swings westward into the north
east corner of a field, the bed consists 
mainly of compact crystalline material of 
10 or 11 inches in thickness. Test trenches 
show that this thickness is maintained for 
a short distance back from the outcrop, 
beyond which the deposit decreases rapidly 
in both quality and thickness. However, 
a considerable tonnage of good quality cel
estite could be obtained at this site by con· 
fining operations to a narrow belt near the 
outcrop. At the northeastern extremity of 
the outcrop is another thick segment of the 
exposed bed. At this place, however, the 
material is extremely crumbly and thins 
rapidly immediately inward from the 
outcrop. 

Mining could be carried on within a 
strip 30 to 50 feet wide paralleling the out· 
crop around most of the remainder of the 
ridge. Beyond this narrow strip the thick
ness of overburden gradually increases and 
would ordinarily be too great for practi
cable mining. It is to be expected at this 
locality, as at other localities within the 
Brown district, that localized concentra
tions would be found within the bed during 
the process of extensive mining, and at 
such places the deposit could profitably be 
worked at a greater depth than would 
ordinarily be possible. 

Localities 18, 19, and 20.-The celestite 
horizon passes into the north side of local
ity 18 and probably also crosses beneath 
the southwest corner of this locality. So 
far as is known, the material is everywhere 
quite thin and is usually of inferior qual
ity. It is doubtful whether any of the 
celestite at locality 18 has commercial 
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importance. At localities 19 and 20 the 
celestite is similar to that of the Davis 
Estate ( 1 7) but is less extensive. The 
material at these localities is comparable 
in quality to the average for the area. 

Locality 21.-The workable celestite oc
curring at this locality is found near the 
top of several westward and southwestward 
projecting ridges. In each of these sepa· 
rate deposits the bed has an average thick
ness of only about 3:Y2 inches but has the 
advantages of being very near and at the 
surface and largely good quality material. 

Locality 22.-The outcrop of celestite at 
this locality extends from U.S. highway 
No. 283 northward for a distance of ap
proximately one-half mile. Over a part of 
this distance the bed is poorly exposed and 
in places can be followed only by surface 
float of material weathered from the bed. 
A high percentage of the float material is 
fine grained and quite hard. The bed is 
from 3 to 4 inches thick in all places exam
ined. The most practicable places to work 
this deposit are in a small field east and 
south of the Reagan farm house and a 
short distance west from Steppes Creek, 
and within some uncultivated land along 
the upper edge of a flat eroded area, a 
short distance south of the field. In addi
tion to these two places, some material 
could be obtained along the line of outcrop 
across the entire locality. South of the 
highway the bed is largely concealed be
neath soil creep but where exposed appears 
similar to that north of the highway. 

Locality 23.-Celestite occurs in two 
workable deposits at this locality. The 
first deposit is located approximately one
half mile north of the Mercer Gap road, 
starting at an abandoned farm house on the 
point of the southward projecting ridge 
and extending for some distance back along 
both sides and beneath the surface of the 
ridge. The bed is only 21h to 3 inches in 
thickness, but the quality of the material 
is good, and a considerable area is overlain 
by only a thin, soft covering. Some of the 
celestite is granular in texture, but the bed, 
in the main, is sufficiently competent to be 
worked into blocks or slabs without undue 
crumbling and losses. A second deposit is 
east of Steppes Creek on the southwest 
point of a ridge in a cultivated field. This 
occurrence is similar to the other deposit 

at locality 23 but probably contains a 
smaller quantity of workable material. 

Locality 24.-The deposits at this local
ity cover a large area, and much of the 
celestite is on or near the crests of low 
ridges and stream divides and is covered 
by light overburden. The material is 
mostly crystalline and granular, but un· 
usually large quantities of fibrous celestite 
are also present in the horizon. The thick
ness varies locally but will probably aver
age from 3 to 4 inches. There is a possi
bility that concentrated and thicker parts 
of the bed could be found in test trenching. 
The principal impurity in this celestite is 
limestone included within the bed and 
locally comprising as much as 40 per cent 
of the total deposit. In most of the out
crops, however, only very small quantities 
of limestone could be recognized in the 
material. 

Localities 25 and 26.-The celestite at 
these two localities does not appear to be 
in commercial quantities at any place. 
The type of occurrence, however, is inter
esting, and the deposits serve to indicate 
the possibilities of other more concentrated 
occurrences in this part of the area. At 
1 ocality 25 the celestite is in the form of a 
thin blanket, quite persistent throughout 
the exposed area but usually not more than 
1 inch in thickness. The material consists 
of pink to reddish granular celestite and 
some small crystals. The bed is locally 
expanded into somewhat bulbous masses, 
inside of which are cavities containing 
beautiful and delicate tabular crystals. 
The occurrence at locality 26 may be near 
this same horizon, but the section in which 
it occurs is somewhat different. At the 
latter locality the exposure is in a high 
bluff on the east side of Blanket Creek. 
The bed consists of crystalline and granu
lar material and varies between 1 and 6 
inches in thickness, the thicker portions 
being extremely localized. 

Localities 27 and 28.-At locality 27 cel
estite occurs in two horizons in a steep 
bluff on the east side of Blanket Creek. 
The celestite in the upper horizon is in the 
form of nodules and geodes immediately 
above and below the contact between a fine, 
grayish-yellow sand with an overlying bed 
of blue shale. The walls of the geodes 
found in the sand stratum consist of red 
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and white celestite in closely packed mas
sive crystals, from which almost perfect 
transparent tabular crystals extend inward 
and partially fill the central cavity. The 
geodes and nodules found in the overlying 
blue shale are similar to those in the sand 
but do not contain red celestite. Not in
frequently the nodules contain angular 
pieces of host rock. The bedding planes 
have been bent noticeably both upward and 
downward from the larger nodules and 
geodes. Thin stringers of fibrous and 
crystalline celestite radiate outward from 
the nodules and sometimes extend for a 
considerable distance along the bedding 
planes. Locality 28 is similar in occur
rence except that in the lower horizon the 
geodes or bulbous masses are usually con
nected by a thin layer of crystalline 
celestite. 

Other localities in the Brown district.
Celestite has been recognized at several 
places outside of the mapped area in the 
Brown district, but the known occurrences 
do not have commercial importance. These 
localities, however, serve to indicate areas 
where further investigations might disclose 
larger or better deposits. 

At a locality in Comanche County, 6.5 
miles north of Blanket on the Caffey and 
Jim Lacey farms, some celestite occurs 
associated with much larger quantities of 
calcite. These minerals occur as replace
ments in a honeycombed, impure limestone 
stratum. Large masses of crystalline cal
cite occur in clay beds both above and 
below this horizon. 

At a locality one-half mile south of 
Bethel Church on the Charles Bynum land 
in eastern Brown County a celestite bed 
outcrops intermittently around a small hill. 
This material consists of crystalline, gran
ular, and fibrous varieties. The bed ap
pears to average only about 2 inches in 
thickness but in very localized spots is as 
much as 1 foot thick. 

Celestite is said to occur in a thin impure 
bed at a locality 4 miles east of Zephyr 
and north of the old highway in western 
Mills County. The strata in this area, 
however, are poorly exposed, and it would 
be difficult to trace the bed for more than 
a short distance; consequently the chances 
of finding concentrated areas do not seem 
good. 

PRODUCTION 

Mining of the blanket celestite deposits 
in Texas was first started in 1938 on the 
Boothe ranch, 4 miles south of Sweetwater 
in Nolan County (locality A, fig. 38). In 
1940, mining operations were begun on 
several deposits located in eastern Brown 
County, about 5 miles west and northwest 
of Blanket (localities 8, 10, 11 of fig. 41), 
and in 1943 on the Martin ranch 11.5 
miles west of Roby in Fisher County (lo
cality A, fig. 40) . All mining operations 
have been carried on intermittently, as the 
demand has not been large enough to sup
port continuous production. Companies 
which have produced celestite in the Nolan 
and Brown districts are The Bennett-Clark 
Company, Inc., of Nacogdoches, Texas; 
The Milwhite Company, Inc., and Mudrite 
Chemicals, Inc., both of Houston, Texas; 
and Lubri-Gel Products, of Sweetwater, 
Texas. 

Accurate data are not available on the 
production of raw celestite from the Nolan 
and Brown districts in the years 1938 to 
1940, but the total probably did not greatly 
exceed 3000 tons. The reported produc
tion for both districts from 1941 to 1943 
inclusive was 8834 tons, more than half of 
which was produced in 1943. Data are 
not yet available on the production for 
1944 and 1945. 

Mining methods.- The blanket celestite 
deposits have been mined by very simple 
methods. The deposits are worked along 
their outcrops where little or no stripping 
is required, the celestite being broken from 
the beds by hand tools or by tractor- or 
team-drawn plows. Preparation of the 
raw celestite for market consists only of 
selective mining, hand sorting, and grind
ing. Mechanical or chemical methods of 
beneficiation have not been employed in 
readying the material for market. 

Markets.-Virtually all of the celestite 
produced in Texas before 1942 was sold 
for use as a weighting admix in rotary 
drilling muds. Since 1942 a part of the 
production has been shipped to eastern 
markets for conversion into strontium salts 
and for use in refining caustic soda. 

GRADE 

Only a small percentage of the celestite 
in the Nolan and Brown districts will meet 
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the standard market requirement of 90 per 
cent strontium sulphate, and that portion 
can be obtained only by careful sorting 
from the better deposits. As nearly as can 
be judged from available analyses, the de
posits of the Nolan district contain, on an 
average, 60 to 80 per cent celestite, and 
those of the Brown district from 70 to 85 
per cent. The principal impurity in the 
deposits of both districts is unreplaced host 
rock (calcium and magnesium carbon
ates), but smaller amounts of iron and 
manganese oxides, siliceous material, and 
gypsum are also usually present. In the 
Brown district some of the deposits con
tain as much as 10 to 12 per cent of barite. 

RESERVES 

It is not feasible to estimate the ultimate 
tonnage of celestite in the deposits of the 
Nolan and Brown districts, although ton
nages available beneath thin overburden 
can be satisfactorily estimated from out· 
crop dimensions and measurements taken 
in test pits or trenches. In the several 
deposits of the two districts, some tens of 
thousands of tons of sub-chemical grade 
celestite can be obtained along outcrop· 
pings and beneath very light overburden, 
and some hundreds of thousands are avail
able beneath a maximum overburden 
thickness of 5 to 6 feet. Estimates of the 
tonnage which can be produced profitably 
must depend on economic factors not yet 
established. 

FUTURE DEVELOPMENT 

The blanket deposits of the Nolan and 
Brown districts have the important eco
nomic advantages of containing large 
reserves of rather easily accessible raw 
celestite and of being well situated in re
spect to railroads and to sources of labor, 
fuel, and water. Also they are closer than 
most of the large domestic sources, such 
as the deposits of California, Arizona, and 
Washington, to the eastern chemical mar· 
kets. The deposits have, however, the 
serious economic disadvantage of being too 
low in grade to meet normal market require· 
ments without the benefit of mechanical 
beneficiation. Future development of the 

Texas celestite on any considerable scale 
seems to depend on the establishment of 
larger market requirements, which might 
enable producers to install milling equip
ment suitable for producing high-grade cel
estite comparable to that being obtained 
from foreign sources. 
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STRATIGRAPHY OF THE ELLENBURGER GROUP IN CENTRAL TEXAS
A PROGRESS REPORT 

P. E. CLOUD, JR.,1 V. E. BARNEs,2 AND JosIAH BRIDCE1 

ABSTRACT 

This report makes available, so far as 
practicable, information on the rocks pre
viously known as the Ellenburger lime
stone, a term here revised to Ellenburger 
group and restricted to beds of Lower 
Ordovician age_ 

The Ellenburger group contains three 
formations which are here named for the 
first time: The Tanyard formation at the 
base, containing the Threadgill and 
Staendebach members; the Gorman forma
tion in the middle; and the Honeycut for
mation at the top. These three formations 
are essentially equivalent to the Gasconade, 
Roubidoux, and Jefferson City formations 
of MissourL General descriptions and 
geologic maps indicate the character and 
thickness of the various units in the Ellen
burger group; and two charts, based on 
faunal evidence, show provisional correla
tions within the Llano region and with 
southern Oklahoma and Missouri. 

In addition to the new stratigraphic units 
in the Ellenburger group, a new name, th!l 
Riley formation, is proposed for the pre
Wilberns (Cambrian) strata, the Hick
ory sandstone, Cap Mountain limestone, 
and Lion Mountain sandstone, which are 
thought to be most properly designated 
as members of a single formation. The 
early Paleozoic rocks of the Llano region 
are thus classified in five formations, the 
Riley and the Wilberns formations of 
Upper Cambrian age and the three forma
tions of the Ellenburger group of Lower 
Ordovician age_ 

The Ellenburger group at the surface 
has a maximum thickness of about 1820 
feet in the southeast corner of the Llano 
region, thinning to the west and north 
by pre-Carboniferous and especially pre
Devonian truncation of the upper beds. 
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the Geological Survey, U. S. Department of the Interior. 
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There is no evidence from the surface to 
indicate significant wedging or truncation 
of isochronous rock units within the Ellen
burger group. 

All three formations of the group contain 
both limestone and dolomite. The dolo
mites of the Tanyard formation are fine to 
coarse grained and grade laterally to lime
stones with great abruptness; but those of 
the Gorman and Honeycut formations, ex
cept in the northwestern part of the Llano 
region, are predominantly microgranular 
to very fine grained and in general fairly 
persistent laterally_ With few exceptions 
the limestones are sublithographic and 
very light gray in color. 

Sand, in thin beds and as scattered 
grains, occurs in both the Gorman and 
Honeycut formations but is unknown in 
the Tanyard formation. 

The Ellenburger rocks of the surface are 
essentially nonglauconitic, but glauconite 
is common in all underlying Upper Cam
brian units. The break from glauconitic 
Upper Cambrian to essentially nonglau
conitic Lower Ordovician rocks coincides 
with other lithologic differences as well as 
with a marked faunal break. 

Vuggy dolomites of the Tanyard forma
tion comprise the zone of maximum poros
ity in the Ellenburger group, and the 
Tanyard formation is overlain at the sur
face in most places by the very compact 
microgranular to very fine-grained dolo
mite of the basal part of the Gorman for
mation. It is suggested that where these 
conditions persist into the subsurface be
yond the Llano uplift, oil might be trapped 
below the Tanyard-Gorman contact as well 
as at the post-Ellenburger unconformity. 

INTRODUCTION 

The rocks of the Ellenburger group, 
apart from their stratigraphic interest and 
their various economic potentialities, are 
immediately significant as a source of 
petroleum. The present report was pre
pared and is issued as a progress report, 
in order to make available to the petroleum 
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industry at the earliest date consistent with 
sound geologic practice results of a joint 
study of the Ellenburger group. A final 
report to be issued on conclusion of the 
mapping and measurement of other sec
tions will expand and to some extent revise 
the information herein presented. 

In 1932 Dake and Bridge laid the corner
stone for future studies of the Ellenburger 
rocks in the Llano region; and the ground
work has been steadily though intermit
tently expanded since then by Bridge, and 
more recently by Barnes. When it was 
therefore arranged in 1943 that geologists 
of the Texas Bureau of Economic Geology 
and of the U. S. Geological Survey col
laborate on a study of the Ellenburger 
group, they found that their job was to 
introduce refinements to a problem already 
generally understood. Some of the refine
ments in the surface stratigraphy, as well 
as a general overall picture of the Ellen
burger group in the Llano region, are pre
sented in the present report. 

This ~eport ~as been planned and pre
pared with a view to supplying briefly the 
information believed to be of greatest use 
to petroleum geologists and stratiuraphers. 
Description of the local structural features 
of the region, and orientation discussion 
of central Texas in general, is omitted for 
this reason. Detailed descriptions of 
measured sections are reserved for the final 
report. 

The subsurface strata equivalent to the 
Ellenburger group were studied by Mr. 
A. J. Crowley and Dr. Leo Hendricks in 
another phase of the same collaborative 
project as the present one, and the authors 
of the present paper have profited from 
discussion of common problems with these 
men. 

Grateful acknowledgment is expressed 
to our coworkers in the geologic mapping, 
Messrs. R. L. Heller and L. E. Warren; and 
to Mr. Warren for his careful and devoted 
work in the final preparation of illustra
tions for this report. 

For the loan of his then unpublished 
typescript and plates dealing with the Jef
ferson City fauna of Missouri, as well as 
for the privilege of studying type speci
mens of his manuscript species, the authors 
are- indebted to Dr. J. S. Cullison (Culli
son, 1944). 

Unpublished, incomplete county maps 
of Burnet, Mason, and McCulloch counties, 
as well as his published map of San Saba 
County (Plummer, 1940) were generously 
furnished by Mr. F. B. Plummer and were 
useful in reconnaissance studies. 

It is hoped that unmentioned colleagues 
in both collaborating organizations, as well 
as on the staff of the Oklahoma Geological 
Survey and the Missouri Bureau of Geology 
and Mines, will consider themselves here 
individually thanked for particular favors. 
The ranchers in the areas mapped have 
also befriended the authors on many 
occasions. 

The work done by the geologists of the 
U.S. Geological Survey was for the Fuels 
Section and was under the supervision of 
Messrs. H. D. Miser and A. A. Baker. The 
report was critically reviewed by Messrs. 
H. D. Miser and C. H. Dane. 

Office facilities were made available to 
the geologists of the Federal Survey 
through the courtesy of Dr. E. H. Sellards, 
Director of the Texas Bureau of Economic 
Geology. 

Responsibility of the individual authors 
is as follows : Bridge furnished most of 
the groundwork and gave general scientific 
supervision to the studies made; Barnes 
also contributed to the groundwork and 
wrote the sections on the Lange's Mill and 
Johnson City areas; Cloud wrote the sec
tion on the Cherokee area and, with the 
collaboration of the other authors, pre
pared the remainder of the report and the 
correlation charts. Authorship of the var· 
ious maps is indicated thereon. 

TERMINOLOGY 

It has been the aim of the authors to 
reduce their observations to approximate 
systematic categories, recognizable in the 
field and expressed consistently by unam· 
biguous terms in such a manner as to be 
most usable in comparative work. From 
their own inconsistencies it is apparent that 
even approximate attainment of this aim 
cannot be achieved without definition of 
the meanings attributed to the following 
terms: 

Aphanitic-see sublithographic. 
Bedding-in the Johnson City and Lange's Mill 

sections the bedding is mostly described in 
generalized terms. Thinly bedded indicates 
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beds roughly less than 3 inches thick, medium 
bedded 3 to 10 inches thick, and thickly 
bedded more than 10 inches thick. Massive has 
been used chiefly to describe the indistinctly 
bedded, microgranular to very fine·grained, 
sphenoidally jointed dolomites. 

Calcitic dolomite-a carbonate rock that effer
vesces slightly under a 25 per cent solution of 
unheated hydrochloric acid. 

Cannonball-a term here used to indicate sub
spheroidal to ellipsoidal balls of chert and 
partially chertified limestone ; varying in tex
ture from solid granular to porous and chalk
like chert, through chert with inclusions of 
limestone, to siliceous limestone. Generally 
with a fragmental structure, commonly con
taining fossils or fragments of them, and not 
uncommonly with scattered to abundant ovoid 
bodies or cloudy indistinct markings such as 
characterize pellet limestones, they are strik
ingly different from other types of chert and 
from the rock containing them. They are sug
gestive of lime-mud balls in various stages of 
chertification and are commonly associated with 
chert of similar character that is spread out in 
irregularly lobate forms as though accumulated 
in minor local depressions or squashed out to 
that form while yet plastic. This type of chert 
has not been unequivocally recorded below 
the Archaeoscyphia zone of the Gorman forma
tion and is generally uncommon below the base 
of the Honeycut formation. The term, cannon
ball, is not here used to designate concretionary 
chert that is concentrically banded or chalce
donic to porcelaneous in texture. 

Coarse grained-see texture (bed rock). 
Color-pending the preparation and adoption of 

usable standard rock-color charts, rock colors 
are described subjectively, using ordinary color 
terms in general usage. In their original studies 
of samples from the Cherokee and Johnson 
City areas, Barnes and Cloud followed Cullison 
and Ellison (1944) in deriving specific color 
terms by actual comparison of rock samples 
with the charts in the Maerz and Paul color 
dictionary (1930) and found the comprehen
siveness and the general plan of this "diction
ary" an aid to systematization. Due to the fact 
that its cost ( $12.00) is prohibitive to general 
usage by geologists and to the unusual nature 
of many of the names applied to common rock 
colors, its use was finally abandoned, but the 
conceptions of many of the color names used 
in the present report are traceable to this book. 

Compact-constituent particles closely united or 
packed. It is to be assumed that all rocks are 
compact unless stated to be otherwise. s~e 
dense. 

Chalcedonic-see texture (chert) . 
Chert-a collective term used to include all 

varieties of cryptocrystalline to subcrystalline 
quartz ordinarily occurring in sedimentary 
rocks. 

Chert matrix sand-chert containing varying but 
significant amounts of ordinary quartz-sand 
grains. 

Crypto-oolitic-applied to oolitic chert where the 
ooids and the matrix are so similar that the 

oolitic structure is not readily detectable with 
the naked eye previous to examination with a 
hand lens. Crypto-oolitic chert is commonly 
pseudospicular, and some may represent the 
results of chert replacement of pellet lime
stones. 

Dense--same as compact; or refers to ratio of 
mass to bulk or volume. Inaccurately used by 
some authors in a restricted sense to denote 
smooth-fracturing rocks which are not visibly 
granular. See compact, chalcedonic, porcela
neous, sublithographic, lithographic, vaugha
nitic. 

Dolocastic-applied to previously dolomitic or 
dolomoldic chert wherein the dolomite rhombs 
have been replaced or their molds refilled with 
some mineral other than dolomite. Such chert, 
with pseudomorphs of quartz, was collected 
near the middle of the Staendebach member 
of the Tanyard formation on the east side of 
State highway No. 16 about 9.65 miles by 
speedometer south of San Saba and has been 
seen but not collected at a few other localities. 
See dolomoldic. 

Dolomite-a carbonate rock that effervesces very 
slightly or not at all under a 25 per cent solu
tion of unheated hydrochloric acid. 

Dolomitic limestone-a carbonate rock that effer
vesces moderately under a 25 per cent solution 
of unheated hydrochloric acid. 

Dolomoldic- applied to previously dolomitic or 
interstitial chert from which the dolomite has 
been removed, leaving rhombic holes or molds 
where the dolomite was. Dolomitic and inter
stitial chert become artificially dolomoldic in 
the preparation of insoluble residues in the 
laboratory. Dolomoldic chert is commonly but 
erroneously referred to as dolocastic. See dolo
castic. 

Fine grained-see texture (bed rock) . 
Glauconite-a complex hydrous silicate of potas

sium and ferric iron typically occurring in sedi
mentary rocks of marine origin as small ovoid 
pellets or globules of a shiny dark green to yew
green color. According to Hatch and Rastall 
(1938, pp. 141- 142), glauconite may behave as 
a mobile mineral and may be taken into solu
tion or redeposited. Inasmuch as the present 
determinations of glauconite are based almost 
entirely on visual inspection, the term glauco
nite, with or without the modifying word 
"globular," is used only to denote the or
dinary type composed of small ovoid pellets. 
The words "interstitial glauconite" are here 
used to denote other occurrences resembling 
or thought to be glauconite, while the flaky 
green minerals occasionally seen in the rocks 
of the Ellenburger group are too doubtfully 
glauconitic to be considered here. 

Globular-here used specifically to denote glau
conite of the ordinary globular type, composed 
of small ovoid pellets, as opposed to inter
stitial glauconite or interstitial or flaky mate
rial assumed to be glauconitic. 

Granular-composed of grains or closely packed 
crystals. 

Granularity-see texture (bed rock and chert). 
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Interstitial-used in this paper to refer to chert 
or glauconite that occurs between the grains 
of a crystalline rock and has its form deter
mined or strongly modified by the crystallinity 
of the host rock. 

Limestone-a carbonate rock that effervesces 
strongly under a 25 per cent solution of un
heated hydrochloric acid. 

Lithographic- see texture (bed rock). 
Medium grained-see texture (bed rock). 
Microgranular-see texture (bed rock) . 
Oocastic-if used should be applied to previously 

oolitic substances wherein the individual ooids 
have been replaced or their molds refilled with 
some substance other than that originally com
posing the ooids. The use of this term for 
chert involves the question of whether most if 
not all oolitic chert is not really oocastic; and, 
if not, how an oocastic chert is to be recognized. 

Ooid-the individual tiny spheroid in an oolitic 
rock. Here used in preference to the term 
oolith of some authors to avoid confusion with 
oolite and oolitic. 

Oolith-see ooid. 
Oolitic-a rock with a considerable proportion 

of tiny spheroidal bodies varying as to micro
structure but commonly comprised of concen
tric shells and known as ooids from their 
resemblance to fish roe. The common usage 
of this term is followed for chert as well as 
bed rock, even though it may be reasonable 
to argue that most ooids were primarily calcitic 
and that the chert is therefore oocastic. Like
wise it is possible that some of the cherts the 
writers call oolitic really represent chert re
placement of pellet limestones in which the in
cluded pellets were largely spheroidal, and such 
pellets commonly form the nuclei of true 
ooids. 

Oomoldic-applied to previously oolitic or oocastic 
chert from which the original ooids or their 
replacements have been removed, leaving sub
spherical holes or molds where the ooids were. 

Pellet limestone-described by Hatch, Rastall, 
and Black (in Hatch and Rastall, 1938) as 
a limestone consisting of "small ovoid bodies, 
aggregated to form a rock superficially re
sembling an oolitic limestone or an oolite sand. 
The constituent grains show no original con
centric structure, although in some cases they 
have acted as nuclei for ooliths. H. B. Moore 
has shown that modern muds are pelleted by 
various mud-feeding invertebrates, which pass 
the sediment through their bodies and leave 
the rejected material in the form of ellipsoidal 
grains." 

Porcelaneous-see texture (chert). 
Pseudospicular- applied to crypto-oolitic cherts 

wherein the outlines of the ooids are discon
tinuous; resulting in a pattern resembling the 
spicular meshwork of certain lithistid sponges. 

Quartzose-containing inclusions of visibly crystal
line quartz. Used especially in describing chert 
to contrast with types composed entirely of 
cryptocrystalline to subgranular varieties of 
quartz. 

Reticulate weathering-applied to limestones hav
ing an internal meshwork of dolomite that 

weathers to dark, rough, interlacing welts on 
the lighter, smoother, relatively depressed sur
face of the limestone. 

Semichalcedonic-see texture (chert). 
Semiporcelaneous-see texture (chert). 
Smooth-fracturing-considered to be an inherent 

character of certain textural types (see texture, 
chert, and bed rock), just as a rough fracture 
is Qf others, and ordinarily not specifically 
mentioned. 

Sphenoidally jointed-irregularly "jointed" in 
blocks of roughly sphenoidal shape with slightly 
curved smooth surfaces. These surfaces follow 
no detectable pattern and are probably a 
weathering feature of the microgranular and 
very fine-grained dolomites. 

Stromatolite-a laminated but otherwise struc
tureless object, commonly of some particular 
shape, ordinarily with a surface of attachment 
in the larger forms, and probably of algal 
origin, but not biologically classifiable (see 
Cloud, 1942). 

Stromatolitic-of the nature of or pertaining to 
stromatolites. 

Subchalcedonic-see texture (chert). 
Subgranular-see texture (chert). 
Sublithographic-see texture (bed rock). 
Subporcelaneous-see texture (chert). 
Texture (bed rock)-the previously published 

grain size scales differ widely and are not satis
factory for the sedimentary carbonate rocks 
here considered. The following seven-term scale 
is used by the authors. 
lithographic; smooth-fracturing, with no granu· 

larity detectable under an ordinary ten-power 
hand lens, and of sufficiently uniform charac
ter to be potential lithographic stone. 

sublithographic; smooth-fracturing, with no 
granularity detectable under an ordinary 
ten-power hand lens, but not of sufficiently 
uniform character to be used commercially 
as lithographic stone. A compromise term 
meaning the same thing as aphanitic does 
for igneous rocks and equivalent to the 
term vaughanitic of some authors. Many of 
the limestones described as sublithographic 
in the present report are in part pellet lime
stones, which locally results in a granular 
appearance, but the pellets themselves are 
mostly of sublithographic texture. 

microgranular; visibly granular, but individual 
grains not resolvable with the aid of an 
ordinary ten-power hand lens and commonly 
requiring better than 25-power magnification 
for resolution. 

very fine grained; individual grains not re. 
solvable to the naked eye but distinct under 
an ordinary ten-power hand lens. 

fine grained; individual grains resolvable with 
the naked eye but with dimensions less than 
0.75 millimeter. 

medium grained; dimensions of individual 
grains between 0.75 and 1.5 millimeters. 

coarse grained; dimensions of individual grains 
exceeding 1.5 millimeters. 

Weather conditions may affect grain size de
terminations in the field. Bright sunlight re
flected from cleavage surfaces not uncommonly 
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results in grain size determinations a grade 
coarser than might be made on a cloudy day. 

Texture ( chert)-the ..arious cryptocrystalline to 
subcrystalline varieties of quartz collectively 
known as chert show a variation in their luster 
and manner of fracture that probably reflects 
their state of granularity. The following ter
minology is used here : 
chalcedonic; translucent, smooth-fracturing 

chert with a shiny luster. The cherts here 
called chalcedonic are commonly variegated 
like agate and have a luster more like that 
variety of chalcedony than the waxy luster 
commonly associated with the term chalce
dony when used in a restricted sense. 

subchalcedonic; not quite chalcedonic, grading 
toward semichalcedonic. 

scmichalcedonic; subtranslucent to opaque, 
smooth-fracturing chert with a rather dull 
luster and ordinarily of some dull color. 

porcelaneous; opaque to subtranslucent, smooth
fracturing chert with a dull luster; typically 
china-white and with the faintest suggestion 
of granularity on the fractured surface. The 
texture is that of the finest porcelain or 
china ware. 

subporcelaneous; not quite porcelaneous, grad
ing toward semiporcelaneous. 

semiporcelaneous; opaque, dull-lustered chert 
that feels rough on a fractured surface but 
is not visibly granular. 

subgranular; opaque, uneven.fracturing, dull
lustered chert that feels and looks rough but 
is not visibly granular. 

granular; visibly granular chert but ordinarily 
without the individual grains resolvable to 
the naked eye. 

Vaughanitic-see sublithographic. 
Vety fine grained-see texture (bed rock). 

PRINCIPLES OF CORRELA.TION 

Correlation of the rock units mapped 
within the Llano region is based on fossils, 
lithologic character of the bed rock, macro
scopically visible elements that are diffi
cultly soluble under ordinary weathering 
conditions, topographic expression, and 
vegetation; the last two clues being of par
ticular help in mapping on aerial photo
graphs. Regional correlation, on the other 
hand, is based wholly on fossils. For cor
relation on physical evidence in and near 
the Llano uplift, the grain !ize of the 
dolomites and the distribution of sand and 
glauconite are particularly helpful. 

Approximate ranges in the Ellenburger 
group of 25 genera other than Ceralopea, 
and 6 "species" of that gastropod oper
culum, are graphically shown on Plate VII. 
It has not been practicable thus far to study 
the Ellenburger fauna at all adequately ; 
and the detailed studies and specific deter
mination! that have been made were, for 

the most part, confined to brachiopods and 
Ceratopeas as the fossils most likely to be 
of value in establishing correlation with the 
important Arbuckle sequence of Oklahoma. 
Inasmuch as the brachiopod genera listed 
are mostly short ranged, specific deter
minations are omitted. The fossils for 
which ranges are given were selected on 
the basis of practical usefulness and rep
resent only a small part of the Ellenburger 
fauna. The important brachiopod Dia
phelasma of the Gorman formation was 
inadvertently omitted from Plate VIL 
Ranges of the Ceratopeas and brachiopods 
are probably fairly accurate, as indicated 
by the abrupt terminations of the solid 
range lines; but the ranges of other forms 
very likely extend in the directions of the 
dotted range lines, and all ranges are sub
ject to revision as additional collections 
are made. Qualification must be made in 
the case ol Helicotoma, a long-ranging 
genus whose range line on the correlation 
chart applies only to forms similar to 
H. uniangulata. It may be assumed that 
the provisional correlations given within 
and beyond the area are supported by at 
least some of the fossils listed on Plate VII 
in addition to others not listed. Detailed 
discussion and complete lists of the faunas 
are reserved for a final comprehensive 
report on the Ellenburger group. 

Although many of the Ellenburger fos
sils are new, similar or identical species 
have been described in publications by 
Roemer, 1852; Butts, 1926; Ulrich, Foer
ste, and Bridge, 1930; Dake and Bridge, 
1932; Bridge in Bridge and Girty, 1937; 
Ulrich, Foerste, Miller, and Furnish, 1942; 
Ulrich, Foerste, and Miller, 1943; Ulrich, 
Foerste, Miller, and Unklesbay, 1944; 
and Cullison, 1944. The greatest gap in 
knowledge of the Lower Ordovician faunas 
is in those from rocks equivalent to the 
Roubidoux formation of Missouri. 

A few generalizations potentially useful 
in subsurface correlation are given below 
in the approximate order that they most 
~ignificantly affect the selection of boun
daries from the bottom to the top of the 
section: 

L Macroscopically visible glauconite is 
present (not invariably common) in all 
subdivisions of the Upper Cambrian in 
central Texas and occurs in post-Ellen
burger beds; but it has been recorded from 
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the Ellenburger group (restricted) in only 
a few instances, mostly as interstitial glau
conite, and mostly in the western part of 
the uplift. John Grohskopf (oral commu
nication) states that the Missouri Bureau 
of Geology and Mines has never logged 
any globular glauconite above the Elvins 
group (Upper Cambrian) and below the 
Brassfield limestone (Lower Silurian) in 
Missouri. However, globular glauconite 
is common in the Ellenburger equivalents 
at the surface in west Texas and its pres
ence, by itself, is not preclusive evidence 
against a lower Ordovician age for sub
surface units. 

2. Finely vesicular, dolomoldic or 
oomoldic, platy chert in tones of yellowish 
to greenish brown, tan, and beige is char
asteristic of the upper part of the Peder
nales dolomite member of the Wilberns 
formation (Upper CambrianJ but is sel
dom seen in Ellenburger strata. 

3. Oolitic and oomoldic chert is rare in 
the lower 91 to 310 feet of the Ellen
burger (Threadgill member of the Tanyard 
formation), although it is common above 
and below this zone. 

4. Sparingly dolomoldic porcelaneous 
and chalcedonic chert is rare in the lower 
91 to 310 feet of the Ellenburger (Thread
gill member of the Tanyard formation), 
although it is common above this zone and 
locally common in the lower part of the 
Pedernales dolomite member of the Wil
berns formation. Bridge (1930, p. 113) 
states that, "Hard, china-white cherts are 
common from the middle of the . . . 
[Gasconade] upward;" a part of the Gas
conade dolomite essentially equivalent to 
the upper member (Staendebach) of the 
Tanyard formation of the present report. 

5. Grain size of the dolomites is an im
portant physical clue for correlation of the 
Ellenburger and the associated carbonate 
rocks of the Cambrian in the Llano uplift. 
Its applications will be evident from the 
descriptions in the text (especially Table I, 
page 152) and from the "Explanations" on 
the various accompanying maps, but the 
restricted occurrence of the microgranular 
dolomites warrants special notice. Micro
granular dolomite is rare below the Gor
man formation, and the thickest fairly con
tinuous sequence known is at the base of the 
Gorman formation. The present record of 

the rare lower occurrences is within a zone 
between 180 and 440 feet above the base 
of the Ellenburger. It may be suggested 
that sequential studies of well cuttings un
der ten-power magnification with a view to 
grain size differentiation might yield fruit
ful results in subsurface work, provided 
other clues to recognition of stratigraphic 
units are not neglected. 

6. Sand, either as sandstone beds, in 
chert, or as scattered grains in carbonate 
rocks, has not been seen in Ellenburger 
rocks below the Gorman formation but is 
not uncommon in both the Gorman and 
Honeycut formations. Evidently this rule 
cannot be extended far from the Llano 
uplift, for the equivalent of the Tanyard 
formation in the El Paso and Van Horn 
regions is in part highly arenaceous, and 
sand grains are abundant in the McKenzie 
Hill limestone of Oklahoma (the Arbuckle 
equivalent of the Tanyard formation). 

7. Rose, cinnamon-pink, rose-beige, 
and beige are colors seldom seen in the 
Ellenburger strata below the Gorman for
mation, being typical of freshly fractured 
surfaces of the microgranular to very fine
grained dolomites in the Gorman of some 
parts of the Llano region. 

8. Conspicuously dolomoldic chert and 
interstitial chert such as would appear in 
insoluble residues as a highly cellular or 
"lacy" dolomoldic chert is much more 
common in the lower 520 to 660 feet of the 
Ellenburger strata (Tanyard formation) 
than above. 

9. Quartz druse and conspicuously 
quartzose chert are abundant in the Tan
yard formation and locally abundant in the 
underlying Pedernales dolomite member of 
the Wilberns formation but are much less 
common in the Gorman and Honeycut for
mations, although they may be found 
throughout the Ellenburger group. The 
inso 1 uble elements of this type are best 
displayed on weathered surfaces and may 
be represented only by highly disseminated 
silica in samples from below ground. 

10. The lithistid spongeArchaeoscyphia 
is unknown below the middle of the Gor
man formation and uncommon below the 
Honeycut. Its knotty spicular meshwork 
is recognizable even in small pieces of 
chert and should be looked for in well cut· 
tings. It should not, however, be con
fused with Calathium, common throughout 
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the El Paso limestone of west Texas and 
characterized by a very regular spicular 
meshwork in a pattern of squares. 

11. Cannonball chert (see Terminol
ogy) is uncommon below the Honeycut 
formation, lower occurrences being charac
teristically near the principal Archaeo
scyphia zone of the Gorman formation. 

12. Limestone as opposed to dolomite 
expresses a difference of no apparent gen
eral importance, for either may grade 
abruptly into the other. However, it ap
pears that in general the microgranular 
dolomites are fairly persistent laterally 
and are much less subject to the abrupt 
and repeated lateral transitions into lime
stone undergone by the coarser grained 
dolomites. The lateral persistence of many 
of the zones of microgranular dolomite 
favors their origin early in diagenesis; 
whereas the abrupt transitions between 
the coarser grained dolomites and lime
stones, and the vuggy nature of many of 
these dolomites, suggests their origin at 
an advanced stage in diagenesis. In beds 
below the middle of the Gorman forma
tion, grain size differences in the dolomites 
appear to be more significant than the 
difference between limestone and dolomite. 

Although a general sequence of calcitic 
and dolomitic zones is apparent from Plate 
VII this is not of much help in a faulted 
area; nor in an unfaulted one, without 
faunal information or a knowledge of 
probable thicknesses involved. One expe
rienced with the rocks learns general and 
difficulty definable differences between 
similar limestones but is apt to be incon
sistent in evaluation of these differences. 
Hence they are neither likely to be of real 
significance in correlation nor of much 
practical use if they cannot be transmitted 
to others. It is possibly worth mentioning 
that the limestones above the Tanyard for
mation are commonly but not consistently 
purer than those of the Tanyard, which 
ordinarily contain 5 to 25 per cent dolo
mite as an irregular internal meshwork 
weathering to a crudely reticulate pattern 
on the surface of the limestone. 

GENERAL STRATIGRAPHY 

SUMMARY STATEMENT 

The "Ellenburger limestone" of previous 
reports is here revised to group status, 

restricted to rocks of Lower Ordovician 
age, and divided into three formations. 
From bottom to top these are the Tanyard 
formation (new), with the Threadgill 
(Bridge and Barnes; in Barnes, 1944) and 
Staendebach (new) members; the Gorman 
formation (new); and the Honeycut 
formation (new). Although the three for
mations of the Ellenburger group as here 
restricted are essentially equivalent to the 
Gasconade, Roubidoux, and Jefferson City 
(Jefferson City group of Cullison, 1944) 
formations of Missouri respectively, it is 
considered advisable to introduce new 
stratigraphic names for the Llano region 
because of lithologic differences and the 
impossibility of determining exact equiva
lence by lateral tracing, 

Local and regional correlation of the 
Ellenburger group and related rocks of 
Upper Cambrian age is indicated provi
sionally on plates VII and VIII. Except 
for the sections actually measured, local 
correlation is based on reconnaissance 
studies and is subject to revision in a final 
report on the region. In fact, additional 
information and remeasurements now avail
able will even require changes in the 
measured sections, and thicknesses esti
mated for the unmeasured sections are 
known to be inaccurate; but the provi
sional chart will serve to indicate the 
approximate relationships of the various 
rock units concerned. It will be apparent 
from the local correlation chart that 
a very complex system of nomenclature 
could have been devised to accommodate 
the conditions there indicated. The writ
ers have chosen the simplest practicable 
nomenclatural expression of the group, 
using subordinated general statements of 
rock types for differing facies within essen
tially chronologic units. 

ELLENBURGER GROUP 

History and basis of revision.-The El
lenburger group of this report is derived 
by revision from the so-called Ellenburger 
limestone, named by Paige (1911, 1912) 
for the Ellenburger Hills in the northwest 
corner of the Burnet Quadrangle, south
eastern San Saba County, Texas. Recon
naissance study of the rocks comprising the 
Ellenburger Hills indicates them to be 
principally if not wholly of Gasconade age 
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(the Tanyard formation of the present 
report) ; yet by definition and subsequent 
usage the "Ellenburger limestone" had 
come to include not only all Lower Ordo
vician dolomites and limestones in the 
Llano region and the adjacent subsurface 
but the immediately subjacent carbonate 
rocks of the Upper Cambrian as well. 

Although the evidence from the prin
cipally calcitic lower sequence in the 
western part of the Llano uplift suggests 
continuous sedimentation across the Cam
brian-Ordovician fauna! boundary there, 
the same boundary is at least locally and 
perhaps widely disconformable in the prin
cipally dolomitic sequence of the eastern 
part of the uplift. There is, moreover, a 
marked fauna! break at this boundary; a 
break from glauconitic rocks below to 
essentially nonglauconitic rocks above; 
and differences in texture and color of bed 
rock and chert between the Cambrian and 
Ordovician carbonate rocks. All things 
considered, the carbonate rocks of the 
Llano region that were formerly lumped 
as the "Ellenburger limestone" are divisi
ble along a boundary set up on conven
tional fauna! evidence into two clearly 
different sets of rock units-one Upper 
Cambrian and the other Lower Ordovician. 

As revision was necessary, the choice lay 
between restricting the term Ellenburger as 
a group term to include the Lower Ordo
vician rocks, or restricting it even further 
to include only the dolomites and lime
stones here called the Tanyard formation. 
The first alternative is here adopted be
cause it requires the least revision of 
established concepts. 

Thickness.-The Ellenburger group of 
the Llano uplift attains its maximum 
known thickness of approximately 1820 
feet in the vicinity of Johnson City, in the 
southeastern corner of the uplift. From 
there it thins west and north bv truncation 
of the upper beds, being only 970 feet thick 
along the Llano River in western Mason 
County and slightly over 800 feet thick 
in McCulloch County. The effective trunca
tion of the Ellenburger strata was essen
tially a pre-Middle Devonian and prob
ably a pre-Devonian event (see Barnes, 
Cloud, and Warren, 1945), although they 
were subsequently overlapped at various 
times by younger sediments. This pre-

Devonian truncation appears to have en
tirely removed the Honeycut formation, 
west of western San Saba County and is 
at its visible maximum in the western part 
of the Llano region. Its progressive de
velopment is indicated by the ideal line of 
section on Plate VII. The Ellenburger 
group of the subsurface probably contains 
at some places stratigraphically higher 
beds than any known at the surface in 
the Llano region, and at other places it 
may be entirely removed. 

There is no evidence yet known at the 
surface to indicate significant wedging or 
truncation of essentially isochronous rock 
units within the Ellenburger group; al
though some of the facies shifts mapped 
could be mistaken for this sort of thing 
and there is clearly some variation in 
thickness, probably due to local variation 
in the rate of deposition as well as to local 
truncation and temporary nondeposition 
along the Tanyard-Gorman contact and 
temporary nondeposition along the Tan
yard-Wilberns contact. 

Lithologic character.-The limestones of 
the Ellenburger group as here conceived 
are predominantly sublithographic and 
pearl-gray to woodash-gray and old ivory, 
varying to ordinary brownish-grays and 
light browns. They are commonly though 
not generally stromatolitic, indicating an 
at least partial algal origin and generally 
a shallow water environment (Cloud, 
1942). Deposition in shallow waters is 
also indicated by ripple marks and dessi
cation polygons, not uncommon in the 
more thinly bedded limestones throughout 
the section. Pellet limestones occur locally 
throughout the Ellenburger group, denot
ing the activity of mud-eating inverte· 
brates and, with the sublithographic 
("vaughanitic") texture of the matrix 
limestone, suggesting an environment of 
deposition similar to that now displayed 
by the great Bahama banks (see Hatch 
and Rastall, p. 169). The dolomites 
vary from microgranular to coarse 
grained; the more vividly colored micro· 
granular dolomites occurring in the Gor
man and Honeycut formations and showing 
greater lateral persistence than the gener
ally coarser grained light-colored dolomites 
of the Tan yard formation, which commonly 
grade laterally to limestone with great 
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abruptness. Typically the limestones 
weather smooth to solution pitted and 
medium to light bluish-gray; the fine to 
coarse-grained dolomites weather rough to 
pitted and medium gray to iron-gray; and 
the microgranular to very fine-grained 
dolomite weathers sphenoidally jointed to 
hackly surfaced, smooth, and medium gray 
to light yellowish-gray. As a general rule 
the limestones of the Ellenburger are 
lighter colored and finer grained than the 
Carboniferous limestones above, or those 
of the Cambrian below; the dolomites are 
coarser grained and lighter colored, or 
finer grained and more vividly colored 
than the dolomite of the Cambrian (Peder· 
nales dolomite member of the Wilberns 
formation), whereas dolomite is rare in the 
Carboniferous strata; and, with important 
local exceptions, chert is generally more 
abundant in the Ellenburger than in the 
subj acent and superjacent strata. 

Porosity and potential petroliferous 
zones.-The obvious place to expect oil in 
the Ellenburger group is in the beds imme
diately below the post-Ellenburger uncon· 
formity, where shales or other impervious 
rocks in the capping strata are potential 
sealing beds below which petroleum may 
accumulate in either stratigraphic or struc
tural traps. Another possible locus of 
petroleum traps in the subsurface is the 
contact of the Tanyard and Gorman for
mations, used as a datum in the correla
tion chart for the Llano uplift (Plate 
VII). The fine to coarse-grained, com
monly vuggy dolomites of the Tanyard 
formation are the most porous parts of the 
Ellenburger group known at the surface, 
and, except in the northwestern part of the 
Llano region, they are overlain by the 
very compact, microgranular to very fine· 
grained dolomites of the basal part of 
the Gorman formation; potentially an 
effective sealing zone below which oil 
might be trapped in the porous dolomites 
of the Tanyard on regional structural or 
stratigraphic features, so far as these char
acters persist. In the southern and south
western parts of the Llano uplift consider
able thicknesses of the dolomites of the 
Staendebach member of the Tanyard are 
notably fine grained and compact; and 
where this character obtains in the sub
surface, petroleum might even accumulate 

within the Tanyard formation, below the 
fine-grained dolomites of the Staendebach 
member. 

The only parts of the Ellenburger group 
in which traces of petroleum have been 
detected at the surface are in the dolomites 
of the Gorman and Honeycut formations 
of the Johnson City area, where Barnes 
and L. E. Warren noticed that freshly frac
tured surfaces of these dolomites locally 
give off a petroliferous odor. However, 
Barnes states that extraction of the volatiles 
from these rocks by means of ether does 
not yield an appreciable amount of pe
troleum. Similar traces of petroleum have 
been detected by Barnes in the Upper 
Cambrian Pedernales dolomite member 
of the Wilberns formation of Gillespie 
County. Petroleum will probably not be 
found by drilling in the Llano region be
cause of the complex faulting of the poten
tial source beds and their exposure to the 
atmosphere. 

Topographic and dendrologic expres
sion.-On aerial photographs the Ellen
burger strata seldom show well-defined 
bedding trends similar to the vegetation 
alignments of the Cambrian, Carbonifer
ous, and Cretaceous strata of the Llano 
region. However, where the Pedernales 
dolomite member of the Wilberns for
mation (uppermost Cambrian) is present, 
it too forms a zone of few bedding 
alignments and is typically developed as a 
cherty lowland area or an upland flat with 
numerous well-developed pimple mounds, 
where not covered by cedar. In fact such 
areas of pimple mounds are typical of the 
Pedernales outcrop belt, though not invar
iably restricted to it, and they pass abruptly 
into the hilly terrane of the lower part 
of the Ellenburger. Areas of prominent 
"bald" or live oak dotted hills are typically 
underlain by dolomiles of the Tanyard 
formation and commonly are capped by 
rocks of the dolomitic facies of the Staen
debach member, with one of several mod
erately conspicuous benches ordinarily 
coinciding with the Threadgill-Staende
bach contact; whereas gently rolling 
upland areas down dip from these bald 
hills in unfaulted areas will most likely be 
found to yield outcrops belonging to the 
calcitic facies of the Staendebach member 
or higher beds. Undulating "bald" or live 
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oak dotted prairies, ranges of low hills, or 
fairly open upland areas of little local 
relief commonly mark the outcrop belt of 
the dolomitic facies of the Gorman forma
tion. Areas where the Ellenburger lime
stones outcrop, typically bear a heavy 
growth of cedar in which bedding align
ment of the trees locally is almost as prom
inent as that more generally displayed by 
the Cambrian and Carboniferous strata. 
The highest thickly bedded limestones of 
the Gorman formation give rise to charac
teristically prominent outcrops, expressing 
themselves in rough areas with thick, well
aligned growths of cedar, and breaking 
abruptly to areas of poorer outcrop and 
more even topography underlain by the 
thinly bedded dolomites and limestones of 
the Honeycut formation. Where the dips 
are very low, this contact is likely to occur 
at the lower edge of a topographic bench, 
but where the dips exceed 4 or 5 degrees, it 
is most commonly expressed by a conspicu
ous dip slope on the highest thick limestone 
bed of the Gorman. Except locally, in areas 
of slight relief, the Ellenburger does not 
support more than occasional mesquite 
trees, and seldom anything like the thick 
growth of mesquite that thrives on the 
argillaceous units of the Carboniferous 
and pre-Cambrian rocks. The chapparal 
growths of bee brush, blue brush and other 
stiff and thorny bushes which typically 
thrive on belts of argillaceous rocks are 
rare on Ellenburger rocks, as is the scrub 
elm; but the scrub mimosa known as cat
claw and the black persimmon grow every
where, and bee brush is at present invading 
the Ellenburger terrane especially in the 
western part of the Llano uplift. Tree 
growths typical of the Ellenburger are live 
oaks on the dolomite and cedars on the 
limestone, with local growths of scrubby 
deciduous oaks or mesquite. The first 
mesquite· or chapparal-covered bench 
above the Ellenburger is ordinarily under
lain by the Mississippian Barnett shale. 
Of course, the various parts of the Ellen
burger group are not everywhere individ
ually expressed, and not uncommonly the 
entire sequence, dolomite as well as lime
stone, supports a thick growth of cedar. 
Extensive cedar and mesquite eradication 
programs locally affect the vegetation pat
tern, and in parts of the southwest corner 
of the Llano region immature topography 

along the major streams and a different 
dendrologic habit would be very confusing, 
were their evidence alone considered. 

TANYARD FORMATION 

Type section.-The Tanyard formation 
is here proposed as a name for rocks sim
ilar to and partially correlative with the 
Lower Ordovician rocks exposed at the type 
section at the Tanyard, on the east bank of 
Buchanan Lake (Colorado River) opposite 
the mouth of Jim John Creek and Cedar 
Hollow and 2 to 3 miles north of the mouth 
of Fall Creek, in northwestern Burnet 
County. The Tanyard is a locality well 
known in central Texas and has given its 
name to Tanyard Spring, Tanyard Camp, 
and the old Tanyard Crossing of the Llano
Burnet folio (Paige, 1912). A detailed 
description of the type section and a map 
showing its location and geologic relation· 
ships will be provided in the final report 
on the Ellenburger group. 

Thickness.-Measurements of the Tan· 
yard formation indicate that it includes 
between 518 and 658 feet (average 585 
feet) of dolomite and limestone, about 550 
feet of which are present from the Cam
brian-Ordovician boundary to the highest 
exposed beds in the type section. It is 
thinnest in the western part of the Llano 
uplift, where it may be less than 500 feet 
thick in some places, and thickest along 
the eastern margin of the uplift. The dis
crepancy in measured thicknesses is un
doubtedly in part due to variations in dip 
or inaccuracies in the recorded data upon 
which calculations are based, but some 
actual variation in thickness is evident, and 
the measured thicknesses furnish an ap· 
proximate expression of this variation. 
The differing thicknesses are probably to 
be attributed to the effects of cumulative 
local and temporary nondeposition ( dia
stems), some truncation along the Tan
yard-Gorman contact, and nondeposition 
along the Cambrian-Ordovician boundary. 

Lithologic character.-The Tanyard for
mation consists of fine- to coarse-grained, 
commonly vuggy to porous, light yellow
ish-gray to woodash-gray, and pearl-gray, 
irregularly bedded dolomites and sublitho· 
graphic, pearl-gray to woodash-gray and 
old ivory, thickly to thinly bedded lime
stones, both being essentially nonglaucon· 
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itic. Variations in color among the 
dolomites take the form of mottles and 
streaks of a pinkish, yellowish, or purplish 
tinge; and the limestones are not uncom· 
monly marked with streaks or blotches of 
sage-green, chestnut or cedar-brown, and 
dull pink, especially where dolomitic. The 
dolomite of the Tanyard formation char
acteristically weathers rough or smoothly 
irregular to pitted, craggy, and medium 
gray to iron-gray with brownish tinges or 
to yellowish shades of gray and brown; 
whereas the limestone weathers reticulate 
to smooth, slabby to thicky bedded, and to 
colors near woodash or pearl-gray, old 
ivory, old silver, and cement-gray. Var· 
iations between dolomite and limestone are 
abrupt laterally and of no apparent strati
graphic significance. In general the lime· 
stones occur in the upper or lower parts of 
the formation, and the dolomite is typi· 
cally coarser grained than usual where 
laterally gradational to limestone. Locally 
the formation is dolomite from bottom to 
top. 

On the basis of chert, supported by grain 
size differences in the dolomites, the Tan
yard formation is divided into the Thread
gill member below and the Staendebach 
member above. In general the dolomites 
of the Threadgill member are predom
inantly medium to coarse grained and those 
of the Staendebach member are fine to 
medium grained. In the western part 
of the Llano region it is impracticable for 
mapping purposes strictly to follow the 
evidence of the chert types, and the bound
ary is placed between a calcitic lower unit 
representing the Threadgill member and a 
dolomitic upper unit representing the 
Staendebach, with consequent instability in 
its mapped position. The Threadgill mem
ber has its maximum thickness in the west· 
ern part of the Llano uplift, and the 
Staendebach is at its thickest in the east. 
The boundary between these members is 
laterally transitional, though remarkably 
uniform in its position in some areas. Both 
members include calcitic and dolomitic 
facies, both are locally dolomite from bot
tom to top, and the Threadgill is pre
dominantly limestone at its type section 
and generally in the western part of the 
Llano region. 

Threadgill member.-Although origin
ally defined as the "Threadgill limestone" 
(Bridge and Barnes, in Barnes, 1944), this 
lower unit of the Tanyard formation is here 
revised to include equivalent dolomite as 
well, and is here designated as the Thread
gill member of the Tanyard formation. 
The type section of the Threadgill member 
is on Threadgill and Mormon creeks south 
of Lange's Mil~, in northwestern GiiJespie 
County. The lme along which this section 
was measured is shown on Plate III and 
the section will be described in det~il in 
the _final report. on the Ellenburger group. 
At its type section the Threadgill member 
measures 280 feet thick from its base to the 
Cretaceous overlap, and measured thick· 
nesses elsewhere range from 91 feet in the 
eastern part of the Llano region to 313 feet 
in the west. As a general rule the Thread· 
gill member is principally or wholly lime· 
stone in the west, grading eastward to the 
dolomitic facies and showing such abrupt 
lateral transitions from limestone to dolo· 
mite that it is commonly difficult to deter· 
mine whether a given contact is a lateral 
transition, a collapse contact, or a fault. 
The limestones of the Threadgill seem to 
average thinner bedded on the west side of 
the uplift and thicker bedded on the east. 

On weathering, the dolomites of the 
Threadgill member yield vuggy or spongy 
masses of highly dolomoldic or cellular 
chert interlaced with quartz druse and 
rarely contain chert of the types described 
as typical of the overlying Staendebach 
member of the Tanyard formation. The 
limestones of the Threadgill are generally 
noncherty and the dolomites locally so, 
and even the more generally cherty dolo· 
mites seldom display silica particles of 
macroscopic dimensions on fresh rock 
surfaces or in deep road cuts. It 
seems that silica primarily in the Thread
gill is highly disseminated, and chert accu
mulates principally on gentle slopes long 
exposed to weathering. It is likely that 
the southwest quarry of the Victoria Gravel 
Company, north of Sudduth, from which 
the magnesium plant of the International 
Minerals & Chemical Corporation at Austin 
obtained its ore, is in the low-silica upper 
dolomites of the Threadgill member. 

Staendebach member.-The type section 
of the Staendebach member (new) of the 
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Tanyard formation forms a portion of the 
Cherokee Creek section. The line of sec· 
tion is shown on Plate IV, but the detailed 
description is reserved for a later report. 
The name is derived from the Staendebach 
survey, a part of the T. H. Young ranch, 
which includes the upper beds of the type 
section. At its type section the Staende
bach member measures 300 feet thick, 
and measured thicknesses elsewhere range 
from 205 feet in the western part of 
the Llano uplift to 456 feet in the east. As 
a rule, the upper one- to t~o-thirds .of the 
Staendebach member is limestone m the 
northeast part of the Llano region and in 
the Riley Mountains of Llano Cou?ty, but 
in the southeast and west dolomite pre
dominates and limestone is rare or absent. 

The Staendebach or upper member of the 
Tanyard formation characteris.tically con
tains an abundance of sparingly dolo
moldic porcelaneous t<? chal~edonic. chert 
which weathers to solid, shiny, white or 
bluish-white masses, slabs, or chips. Gen
erally similar chert occurs in the upper 
part of the Gasconade dolomite in Missouri 
(Bridge, 1930, p. 113), the approximate 
stratiuraphic equivalent of the Staende
bach ~ember of the Tanyard formation in 
Texas. 

A feature typical of the upper beds of the 
Staendebach member of the Tanyard for
mation in certain areas is that the chert is 
commonly and the limestone is locally 
composed of aggregated s~all, elongate, 
stromatolitic bodies resemblmg worm cast
ings. Where this type of chert or lime
stone is found, the top of the T~nyard. f.or. 
mation is probably nearby and its position 
may be confirmed by fossils. Unfortu
nately this chert or limestone is not con
sistently present. Likewise, in the north
ern and western parts of the Llano uplift, 
the upper two-thirds or half of the Staende
bach member displays several zones of a 
conspicuously oolitic to oomoldic, lamin~r 
chert commonly with parallel bands of ir

regularly shaped holes or flattened elon
gate holes resembling the molds of flat 
pebbles. Locally this feature has been 
mapped, and originally a third member. of 
the Tanyard was contemplated to m
clude it, but reconnaissance study throu~h
out the uplift showed that the chert m
volved was a local development, especially 
common in the north half of the Llano 

region where the upper Staendebach is 
typically in the calcitic facies. 

Paleontology and correlation.-Fossil11 
indicating equivalence to the Gasconade 
dolomite of Missouri and the Chepultepec 
dolomite of the Appalachian region (see 
Butts, 1926; Ulrich, Foerste, and Bridge, 
1930) are locally abundant in the chert o_f 
the Tanyard formation, as well a.s in the 
limestone; and those of the limestone 
especially suggest general equivalence to 
the McKenzie Hill limestone of Oklahoma. 
In general it is difficult on a fauna! basis 
alone specifically to identify any particu
lar part of the formation; but Clarkoceras 
{especially C. cuneatum U.F.M.F), two 
species of an unnamed trilobite resembling 
Pletho peltis, the Archaeostracan crustacean 
Ribeiria cf R. calcifera Billings, and a few 
other fossils indicate about the upper 100 
feet of the Tanyard formation. In fact this 
fauna is sufficiently distinctive that the 
rocks containing it could be classed as a 
member were they distinct enough physi
cally from those below, or were the fos~ils 
marking it sufficiently common over a wide 
area. 

GORMAN FOlllol.4. TION 

Type section.-lt is here proposed that 
the name Gorman formation be used to 
designate rocks similar to and correlative 
with those in the composite type section 
along and near the gorge of Color3:do River 
in the vicinity of Gorman Falls, m south
eastern San Saba County. The water flow
ing over Gorman Falls cascades to 
Colorado River from a travertine brink that 
encrusts limestone of the Gorman forma
tion at Chism's upper camp, terminating 
Gorman Creek, which flows approximately 
along the strike of the same limestones and 
is fed by Gorman Spring. A detailed 
description of the composite type section 
and a map showing its geologic relation
ships and exact location will be provided 
in the final report on the Ellenburger 
group. 

Thickness.-Maasurements of the Gor
man formation indicate that, where not 
thinned by post-Ellenburger truncation, it 
includes between 426 and 498 feet {aYer
age 470 feet) of dolomite and limestone. 
Regional disconformity at the formational 
contacts, as well as cumulative local and 
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temporary nondeposition, probably ac
count for such of the variation in apparent 
thickness as is not due to subjective ele
ments. It may be eignificant, especially in 
consideration of the greater variation in 
thickness of the Tanyard formation, that 
the distance of the principal occurrence 
of the sponge Archaeoscyphia below the 
top of the Gorman formation varies only 
from 211 to 235 feet in five measured 
sections, whereas its distance above the 
base in the same sections varies from 215 
to 263 feet. 

Lithologic character. - Microgranular 
dolomite in significant quantities first 
appears in the Paleozoic sequence of cen
tral Texas at the base of the Gorman forma
tion and occurs intermittently from the 
Gorman-Tanyard contact to the top of the 
Ellenburger group. In the eastern part of 
the Llano region the microgranular and 
as!ociated very fine-grained dolomites of 
the Gorman formation are varicolored in 
yellowish, pinkish, and brownish tones 
such as beige, rose-beige, rose-pink, cinna
mon-pink, tan, old ivory, and nutria, but 
in the west the less vivid tones predom
inate. The!e dolomites commonly weather 
to smooth, crudely sphenoidal blocks or 
hackly or blocky ledges in tones of gray 
and dull yellow such as cement-gray, tan, 
manila, and peach-beige. The basal zone 
of the Gorman formation, characterized by 
dolomites of this type, is probably the most 
conspicuous stratigraphic marker of the 
Ellenburger group and is generally persis
tent throughout the Llano uplift except 
in the northwestern part. For this rea
son, and because of its median position and 
the faunal break with which it coincides, 
the Tanyard-Gorman contact was selected 
as a datum for correlations within the 
Llano region. Local confusion as to the 
placement of this boundary may ordinarily 
be dispelled by lateral tracing or by faunal 
evidence, and seldom are more than a few 
feet of 11ection in question. 

For the most part the Gorman forma
tion i! predominantly dolomitic below the 
zone of A.rchaeoscyphia and calcitic above; 
but measurements show that the dolomitic 
facies ranges from about 230 to 81 feet 
thick, and perhaps thinner, whereas the 
calcite facies ranges from about 393 to 237 
feet thick. 

The upper calcitic facies of the Gorman 
formation consists principally of sublitho
graphic, thickly to thinly bedded limestone 
with locally interbedded microgranular to 
fine-grained dolomite. The limestone is 
pearl-gray . to woodash-gray to old ivory 
and browmsh-gray, locally with mottles of 
pink or yellowish tones such as cinnamon
pink or beige. It weathers to medium to 
light tones of bluish-gray and is not so 
commonly r_eticulated from the weathering 
of a dolomite meshwork as are the lime
stones of the Tanyard formation. A se
quence of pure, unusually thick-bedded 
limestone occurs in the top 40 to 60 feet 
of the Gorman formation and is succeeded 
immediately by interbedded and relatively 
thinly bedded dolomites and limestones of 
the lower Honeycut, commonly arenaceous 
at the base. 

Chert.-The chert of the Gorman forma
tion partakes of the characters both of that 
found in the upper part of the Tanyard 
and that of the Honeycut formation. In the 
lower part of the Gorman in some localities 
is a peculiarly layered chert not quite like 
that known from any other part of the 
section. It consists of porcelaneous white 
to woodash-gray chert with scattered dolo
molds and quartzose matter, irregularly 
interlayered with quartz druse, weathering 
russet and commonly containing Gor
man fossils. From this lower chert of 
the Gorman to the top of the Ellenburger 
strata, conspicuously dolomoldic chert and 
quartz druse are noticeably less common 
than in the Tanyard formation. 

Porcelaneous to subporcelaneous, white, 
shiny-weathering chert is perhaps more 
common, less quartzose, and with tinier, 
more scattered dolomolds in the lower 
Gorman formation than in the upper Tan
yard, but this is only a general impression 
and one difficult to check statistically. As 
a rule nodular and concretionary chert is 
more common in the Gorman and Honeycut 
formations than in the Tanyard. From 
the Honeycut formation the chert of the 
Gorman differs principally in being more 
commonly porcelaneous, less commonly 
nodular or concretionary; and especially 
in the general rarity of cannonball chert 
(see "Terminology") except in the vicinity 
of the Archaeoscyphia zone of the Gorman 
formation. 
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Paleontology and correlation.-Although 
for the most part sparingly fossiliferous, 
both the chert and the limestone of the 
Gorman formation yield fossils on search; 
and representative though sparse faunas 
have been obtained from the base to the 
top of the formation. Archaeoscyphia, 
Diaphelasma, Syntro phinella, Roubi
douxia, Lecanospira, Euconia, undeter
mined cephalopods, and Hystricurus are 
the most common, and the first five genera 
named are especially useful in correlation. 

At one locality Roubidouxia was thought 
to range about 30 feet into the Honeycut 
formation, but the evidence for this suppo
sition has not been supported by detailed 
mapping. A possible source of confu
sion is a new genus or subgenus inter· 
mediate in resemblance between Lecano
s pira and Maclurites, and congeneric with 
"Maclurea" affinis Billings, which occurs 
with Ceratopea in the Honeycut formation 
as well as in the partially equivalent Kind
blade formation of Oklahoma and the 
Newala limestone of Alabama. 

The sponge Archaeoscyphia has been 
found in the Gorman formation only near 
the middle of the formation at a position 
varying from 215 to 263 feet above the base 
and 211 to 235 feet below the top accord
ing to data from measured sections. It 
occurs throughout the uplift and is an im· 
portant datum marker. Ordinarily it 
ranges through only 3 to 5 feet of the 
Gorman strata, but at one locality in Ma
son County specimens of Archaeosyphia 
were found about 25 feet above its prin
cipal occurrence. 

The fossils of the Gorman formation in· 
dicate its homotaxial equivalence with the 
Roubidoux formation of Missouri, as most 
generally defined, and the Longview lime
stone of the Appalachian region. The 
presence of Diaphelasma about 300 feet 
above the base of the Cool Creek formation 
in the Arbuckle Mountains of Oklahoma 
and, accompanied by Lecanospira, extend
ing into the base of the Kindblade forma
tion of the Wichita Mountains suggests 
general equivalence between Gorman and 
Cool Creek strata. However, Tanyard 
fossils occur about 100 feet above the base 
of the Cool Creek formation in the Wichita 
Mountains. The ranges of the more useful 
Gorman fossils, except Diaphelasma, which 

was inadvertently omitted, are shown on 
Plate VII, their significance in local corre
lation being determinable therefrom. It 
should be noted that the lowest recorded 
occurrence of the brachiopod Xenelasma is 
from the top of the uppermost bed of the 
Gorman formation, but it is locally very 
abundant there. 

HONEYCUT FORMATION 

Type section.-All known Ellenburger 
strata above the Gorman formation at the 
surface in central Texas are here termed 
the Honeycut formation. The type section, 
the thickest known development of this 
formation at the surface, is in the reach of 
Pedernales River known as Honeycut Bend, 
about 5 miles east of Johnson City in 
Blanco County. The line of this section is 
shown on Plate VI, but detailed description 
is reserved for the final report on the Ellen
burger group. 

Thickness.- Owing to post-Ellenburger 
truncation, the Honeycut formation varies 
in thickness from a known maximum of 
678 feet at the type section in the southeast 
corner of the Llano uplift to a feather 
edge, disappearing entirely in the western 
part of the uplift. 

Lithologic character.-The rock types of 
the Honeycut formation resemble those of 
the Gorman formation, differing princi
pally in distribution, bedding, and color. 
For the most part the limestones of the 
Honeycut are more thinly bedded than 
those of the Gorman and more intimately 
interbedded with dolomite, a difference 
most apparent at the Gorman-Honeycut 
contact. The microgranular dolomites of 
the Honeycut formation are more given to 
dull colors such as old ivory, ordinary yel
lowish-gray, or nutria as contrasted to the 
more vivid shades of rose and beige char· 
acterizing the dolomites of the Gorman 
formation in some parts of the Llano 
region. Mapping of the thick Honeycut 
sequence in the Johnson City area by 
Barnes and L. E. Warren indicates that 
the upper and lower parts consist of inter· 
bedded limestones and dolomites separated 
by a prominent median sequence of micro· 
granular to very fine-grained dolomite, and 
that this tripartite division is fairly per· 
sistent laterally. Reconnaissance study of 
sections exposed on Flatrock and Slick-
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rock Creeks south of Marble Falls, and 
of the section on Pillar Bluff Creek west 
of Lampasas, has disclosed similar micro
granular dolomite sequences at, or about 
at, the same stratigraphic position as the 
middle dolomite of the Honeycut Bend 
section east of Johnson City. 

Chert.-Comparison of the chert of the 
Honeycut formation with that of the Gor
man is given in a preceding part of this 
paper. Cannonballs (see "Terminology") 
of chert and siliceous limestone are typical 
of the Honeycut formation but uncommon 
below it except near the Archaeoscyphia 
zone of the Gorman formation. 

Paleonto!Jogy and correlation.-Many of 
the fossils described from the Jefferson 
City strata of Missouri (Cullison, 1944) 
are specifically identical with fossils com
mon in the Honeycut formation of Texas. 
The base of the Honeycut formation coin
cides faunally with the base of the Jeffer
son City dolomite of Missouri, and the 
highest Honeycut strata known are not far 
below the top of the Jefferson City strata 
as conceived by Cullison. One important 
piece of contradictory evidence is the occur
rence of Tarphyceras resembling T. chad
wickenese U.F.M.F. at the base of the 
Ceratopea "keithi" zone, about 300 feet 
above the base of the Honeycut formation 
in the type section and elsewhere along the 
eastern margin of the Llano region. Ulrich, 
Foerste, Miller, and Furnish (1942, p. 4) 
do not record Tarphyceras below the Cot· 
ter dolomite. 

Outside Missouri the Honeycut forma
tion finds partial equivalents in approxi
mately the lower two-thirds of the Kind
blade formation of Oklahoma and in an 
unknown part of the Newala limestone of 
the Appalachian region (see also the dis
cussion of the paleontology of the Gorman 
formation). 

Most importantly the Honeycut forma
tion is the zone of Ceratopea in the Llano 
uplift. Ceratopea occurs intermittently 
from top to bottom and five subzones, 
characterized by six species or subspecies 
of Ceratopea, are recognizable (Plate VII). 
These are useful both in local and regional 
correlation, especially Ceratopea capul
if ormis Oder which is a fossil of slight ver
tical range in Oklahoma and Missouri as 
well as in the Llano uplift. The gastropod 

Orospira also ranges from bottom to top 
of the Honeycut, and species of the trilo
bites ]efjersonia, Bathyurellus, and Ranan
asus are important. 

The brachiopod Xenelasma is common 
in chert of the lower Honeycut formation 
and typical of this part of the Ellenburger. 
Silicified specimens of Xenelasma are also 
locally abundant in the top of the upper
most ledge of the Gorman formation, where 
they occur with unsilicified Roubidouxia 
and less commonly Lecanospira. This is the 
lowest recorded occurrence of Xenelasma 
from the Ellenburger, and the highest is 
from the Ceratopea capuliformis zone, 
about 130 to 160 feet above the base of the 
Honeycut formation. For all practical pur
poses, however, Xenelasma appears to 
mark the lower 60 to 70 feet of the Honey
cut formation, and its lowest occurrence 
essentially coincides with the Gorman
Honeycut boundary. 

The sponge Archaeoscyphia is common 
in the Honeycut strata but rare below them, 
being recorded elsewhere only from near the 
middle of the Gorman formation. Ordinar
ily Archaeoscyphia from the Gorman is not 
well preserved externally and not specifi
cally identifiable, being detected prin
cipally by the spicular meshwork displayed 
on freshly broken surfaces of certain 
chert nodules. In the Honeycut strata, 
however, an Archaeoscyphia assignable to 
A. annulata Cullison commonly pre
serves its external structure and general 
form almost as faithfully as it does the 
spicular structure of the sponge wall. Al
though it seldom occurs in dolomite, 
Archaeoscyphia is very abundant in some 
limestol)J! beds of the Honeycut, one of the 
most remarkably persistent of these beds 
occurring about at the zone of Cera
topea capuliformis and making feasible the 
mapping of that zone as a datum. Al
though very abundant in some beds, the 
specimens of Archaeoscyphia so far seen 
were haphazardly scattered about as broken 
fragments, and no indication has yet been 
found that any of them are in the position 
of growth. With Archaeoscyphia is com
monly found the flat ended, slightly taper
ing siphuncle of a cephalopod probably 
close to McQueenoceras. 
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STRATIGRAPHY OF THE LANGE'S MILL 
AREA, GILLESPIE COUNTY 

The type section of the Threadgill mem
ber of the Tanyard formation extends along 
Threadgill and Mormon Creeks from 0.5 to 
about 1.2 miles south of Lange's Mill (Plate 
Ill) . Lange's Mill is on the west bank of 
Threadgill Creek about 2.2 miles airline 
north of the village of Doss in northwestern 
Gillespie County. Geologic mapping in 
Gillespie County was started in 1939 by 
Barnes, and the Lange's Mill area was one 
of the first Palezoic areas mapped in detail. 

Rocks mapped within the area shown ?Y 
Plate III include, besides the Threadgill 
member of the Tanyard formation, the 
Cambrian San Saba limestone member of 
the Wilberns, the basal Cretaceous Hensell 
sand member of the Travis Peak, and 
Quaternary alluvium and terrace gravels. 
The San Saba limestone is the western 
facies in the Llano uplift of rocks that to 
the east are partly or entirely dolomite and 
were originally included with the Ellen
burger. Because this eastern Cambrian dol
omite is partly or entirely equivalent to the 
San Saba limestone and partly equivarent 
at places to the Point Peak shale member of 
the Wilberns, it has been removed from 
the Ellenburger and named the Pedernales 
dolomite member of the Wilberns forma
tion. lntergradation of the limestone and 
dolomite facies of these Cambrian units is 
erratic, with dolomite mostly above the 
limestone. One exception so far noted to 
the general distribution of dolo~ite and 
limestone is in the Calf Creek section (see 
Plate VII), where the usual sequence 
is reversed, with limestone above and 
dolomite below. Moreover, a local sand
stone intervenes, adding to the depar
ture from normal shown by this section. 
The San Saba limestone memb'er along 
Threadgill Creek contains dolomite rhombs 
in some portions, as was first noticed in 
acetic acid residues. 

Superficially the San Saba limestone 
member of the Wilberns and the limestone 
of the Threadgill member of the Tanyard 
have marked similarity at their contact, 
and sedimentation so far as can be seen 
was continuous across the systemic bound
ary. Differences, however, are sufficiently 
well marked for the contact to be placed 
within a few feet. The limestone of the 

Threadgill contains sublithographic beds 
which weather very light gray to white 
and smooth, whereas the limestones 
of the underlying San Saba are granular, 
many being microgranular, and weather to 
various shades of medium gray with a 
slightly rougher surface. The limestone ot 
the San Saba is glauconitic, in many cases 
only slightly so near the contact, and that of 
the Threadgill is nonglauconitic. The bed
ding surfaces in the Threadgill contain 
calcitic fossils, most! y 0 phileta and 
Ecculiomphalus, which with careful search 
ordinarily can be found down to the 
contact. 

Much of the limestone in the type section 
of the Threadgill member of the Tanyard 
has an appearance best described as 
mottled, produced by ramifying or anas
tomosing structures resembling burrows. 
Within the burrow-like structures, the lime
stone is mostly microgranular and some
what dolomitic, contrasting with the sub
lithographic limestone surrounding them. 
The beds are mostly 1 to 6 inches thick with 
occasional thicker ones present. A very 
small amount of subchalcedonic, waxy 
lustered chert was seen near the middle 
of the section. The color of the lime
stone of the Threadgill is predominantly 
old ivory with variations toward yellow 
beige, yellowish-gray, and a color simi
lar to that of putty; and with minor 
splotches of India buff, hazel, and butter
cup-yellow. On aerial photographs the 
limestones of the Threadgill member ap
pear similar to those of the San Saba 
beneath. The vegetation consists of black 
persimmon, the scrub mimosa known as 
catclaw, and other semi-arid plants, as well 
as some cedar. 

The limestone of the Threadgill in the 
type section contrasts with the limestone at 
the same horizon in the eastern part of the 
Llano uplift, where the predominant color 
is pearl-gray to woodash-gray and old 
ivory and the beds are commonly thick. 

The obvious fossils in the limestone of 
the Threadgill in the type section are on 
bedding surfaces and consist mostly of 
Ecculiompha!Jus, Ophileta, and Gasconadia. 
Silicified Tetralobula and Finkelnburgia 
are common about 50 feet above the base, 
and calcitic trilobites in the lower 100 feet 
are in part similar to ones in the top of the 
San Saha. 
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STRATIGRAPHY OF THE CHEROKEE 
AREA, SAN SABA COUNTY 

INTRODUCTORY STATEMENT 

Lying in southeastern San Saba County, 
the Cherokee area is approximately 
bounded by the Cherokee and Little 
Llano River fault zones on the east, 
the Simpson Creek fault zone on the 
north, the Cherokee-San Saba road (State 
highway No. 16) on the west, and the 
Cherokee-Chappel road on the south. 
About 85 square miles within this general 
area was mapped on aerial photographs 
as a demonstration area, and a detailed 
planimetric map of the entire area at a 
scale of 1 :31,680 will accompany a final 
report on the Ellenburger group. The 
Cherokee area is divisible into two unequal 
major fault blocks, here called the princi
pal block and the southeast block. The 
southeast block lies between the ends of the 
Cherokee and Little Llano River fault 
zones and part of that block is shown on a 
large scale map in the present report 
(Plate IV). General geologic relation
ships of the area mapped are shown on a 
planimetric base at a scale of 1 inch equals 
1 mile by F. B. Plummer (1940). 

Rocks mapped within the Cherokee area 
include Upper Cambrian, Lower Ordovi
cian, Mississippian, and Pennsylvanian. 
No Devonian strata were noticed; although, 
from the patchy nature of some of the 
occurrences so far known in the Llano 
region (Barnes, Cloud, and Warren, 1945), 
pockets of Devonian rocks could have been 
overlooked along the Ordovician-Missis
sippian boundary. 

Fossils were collected from 153 localities 
in the Cherokee area. Of these collections 
15 are from the Wilberns formation, 50 
from the Tanyard formation, 50 from the 
Gorman formation, and 38 from the Hon
eycut formation. In addition, fossils were 
seen but not collected at many localities, 
including about 50 which were recorded 
and mapped. 

The Cherokee Creek section, diagram
matically represented on Plate VII, dis
plays a characteristic development of the 
Ellenburger rocks in the Cherokee area and 
will be described in detail in a later report. 
Its location is shown on Plate IV, whereas 
Table I presents a statistical evaluation of 
the grain sizes of the dolomites to be 

found in the various formations of the 
Ellenburger in that section. 

UPPER CAMBRIAN 

WILBERNS FORMATION 

Pre-San Saba strata undifferentiated.-In 
the Cherokee area the strata mapped as 
undifferentiated Wilberns include the Point 
Peak shale member, the Morgan Creek 
limestone member, and locally the Welge 
sandstone member. The thin Welge sand
stone member (unmeasured) is fine 
grained, rusty, sparingly glauconitic, and 
sparkles from reflections of reconstituted 
quartz. The Morgan Creek limestone 
member is reddish and fairly glauconitic. 
Topographically the Morgan Creek lime
stone member expresses itself as a subor
dinate strike ridge lying below a scarp 
formed by the Point Peak shale member 
and separated from that scarp by a gentle 
strike valley. 

The Point Peak shale member of the 
Wilberns formation consists of interbedded 
greenish shale and brownish to greenish 
fragmental limestone. It crops out on a 
prominent scarp capped by or giving way 
to the relatively thickly bedded limestones 
of the San Saba. The top of the Point 
Peak shale member in the Cherokee area i~ 
drawn at the highest appearance of a 
significant quantity of shale, commonly 
judged from topographic expression. 

In its typical expression of minor lime
stone scarps and shale benches interrupting 
a regional strike scarp, one of the minor 
limestone scarps in the Point Peak shale 
member is the Plectotrophia bed, discov
ered by Barnes, Bridge, and assistants to 
be of great correlative value. In the Cher· 
okee area Plectotrophia normally occurs in 
a single bed 2 to 2.5 feet thick and 30 to 
50 feet below the base of the San Saba 
limestone member as mapped. At one 
place Plectotrophia was found in two lime
stone beds having a total vertical range 
of about 5 feet, but in the Cherokee area 
it most commonly occurs only in the top 
few inches of one bed, and locally it is so 
abundant in these few inches that the 
matrix is scarcely more than a cementing 
medium about the exquisitely preserved 
silicified shells. P. bridgei Ulrich and 
Cooper is the common species, but P. alata 
(Walcott) occurs locally in the same stra· 
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tum. Associated with Plectotrophia and 
ranging up to about 15 feet above it is an 
alate species of Billingsella (also silici
fied), serving to give the approximate posi
tion of Plectotrophia where found. A 
small species of Billingsella also occurs 
just below the San Saba strata, but no 
Biltingsella has yet been found at a higher 
stratigraphic position than this in the 
Cherokee area or elsewhere in the Llano 
region, so far as known. 

Lithologically the Plectotrophia bed is 
a medium to coarse-grained, fragmental, 
glauconitic, fossiliferous limestone that is 
mottled or speckled in tones of brown, 
gray, and green (glauconite globules). It 
weathers medium gray to rose-gray. Im
mediately below the Plectotrophia bed in 
the Cherokee area is a zone containing 
beds of flat pebble limestone conglom
erate resembling lithified beach shingle, 
that would probably be called edge
wise conglomerate by those indifferent 
to the exact implications of that term. Al
though it was nowhere measured, this con
spicuously conglomeratic zone is roughly 
50 to 60 feet thick at most places and may 
extend to the base of the Point Peak shale 
member at some places. 

San Saba limestone member.-This 
member of the upper Wilberns formation 
lies between the Point Peak shale and the 
Pedernales dolomite members in the 
Cherokee area. It grades upward and lat
erally to the Pedernales dolomite member, 
the two being essentially equivalent facies 
if considered in a regional sense. Its 
thickness is variable and at most places 
uncertain; but it is probably nowhere less 
than 70 feet thick, and was estimated to be 
about 140 feet thick southeast of the Harris 
ranch headquarters in the southeast comer 
of the Cherokee area. 

The limestones of the San Saba member 
are sublithographic to medium grained 
and commonly contain numerous small 
round stromatolites about as big as an 
ordinary concord grape and known by the 
name of "Girvanella." The matrix lime
stone is ordinarily some light tone of gray 
or yellowish-gray and is commonly mottled 
with light bronze to gold and pale green 
streaks or blotches; whereas the more com
pact girvanellas maintain even gray tones. 
The San Saba strata weather to smooth 

ledges in even tones of medium gray, com
monly with a brownish tinge; sections of 
contained girvanellas ordinarily weather 
to lighter colored circles. 

The basal limestone beds of the San Saba 
in the Cherokee area typically cap a scarp, 
the face of which consists of the Point Peak 
shale member of the Wilberns formation. 
The succeeding limestones dip gently north 
in undulating wrinkles below an area of 
gentle topography and thick cedar, to 
merge almost imperceptibly with the 
Pedernales dolomite member somewhere in 
this featureless jungle. Not only the char
acter of the terrain, the transitional nature 
of the San Saba-Pedernales contact, struc
ture, and the gentle and undulating dips, 
but even dolomitization along joints con
spire to confuse the geologist; and he is 
frequently uncertain as to the actual super
position of the beds. Under these circum
stances it is likely that the San Saba-Peder
nales contact may not be accurately located 
throughout its trace and that some of the 
outlying and inlying patches shown on the 
map represent recurrences of lithologic 
types. 

Pedernales dolomite member.-This up
permost member of the Wilberns formation 
lies between the San Saba limestone mem
ber below and the Tanyard formation of 
the Ellenburger group above, grading 
downward and laterally to the San Saba 
member, an essentially equivalent facies if 
considered in a regional sense. The thick
ness of the Pedernales is variable and at 
most places uncertain; but within the area 
mapped it is nowhere less than 70 feet 
thick nor more than 150 feet thick, and 
was estimated to be about 90 feet thick 
southeast of the Harris ranch headquarters 
in the southeast corner of the Cherokee 
area. 

The Pedernales dolomite member of the 
Wilberns formation in the Cherokee area 
is fine to medium grained, tending to be 
coarser grained in the lower part and fine 
to very fine grained toward the top. Its 
fresh color ranges through medium tones 
of gray or brownish gray, and green spots 
of interstitial glauconite, as well as pinkish 
and yellowish tinges, are not uncommon. 
The weathered surface is smooth, com
monly hummocky, and colored in dull 
medium tones of gray or brownish gray. 
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In the Cherokee area the Pedernales 
member is slightly cherty, with the chert 
limited to a belt in its middle or upper 
part. At places this cherty zone is imme
diately overlain by the truncating dolo
mites of the Tanyard formation. The 
chert of the Pedernales member in the 
Cherokee area is typically minutely spongy 
or vesicular; abundantly and finely dolo
moldic or, less commonly, oomoldic; and 
platy in structure. Freshly broken sur· 
faces are colored in tones of yellowish- to 
olive-brown and beige, or, where internally 
weathered, russet to brick-red. This chert 
weathers to dull tones of brown. 

Stenopilus, Plethometopus, Euptychas
pis, and fragments of other fossils have 
been found in the Pedernales chert of the 
Cherokee area, indicating general equiv
alence with the Eminence dolomite of 
Missouri. 

LOWER ORDOVICIAN 

ELLENBURGER GROUP 

Tanyard formation, Threadgill mem
ber.-ln the Cherokee area the basal, 
coarse- to medium-grained, nonglauconitic, 
light gray to white dolomite of the Thread
gill member of the Tanyard formation rests 
disconformably upon the upper fine
grained, interstitially glauconitic, medium 
gray or brownish-gray dolomite of the 
Upper Cambrian Pedernales dolomite 
member of the Wilberns formation. The 
approximate position of this contact is 
marked topographically as well as litho
logically, because a little down dip from it 
the flat lowland of the Pedernales outcrop 
belt breaks to the rough bald hills of the 
Tanyard formation. The thickness of the 
Threadgill member in the Cherokee area 
probably averages about 260 feet, its 
measured thickness in the Cherokee Creek 
section. 

Although dolomite predominates, lime· 
stone occurs erratically in the lower part 
of the Threadgill member, shifting 
abruptly to dolomite along the strike and 
back to limestone again for no evident 
reason. The maximum thickness of the 
limestone in the Cherokee area is about 65 
to 75 feet, on the Porch ranch. None was 
seen in the Cherokee Creek section, but 
slightly over 40 feet was measured in the 
Kirk ranch section a mile south-southeast 
of the Cherokee Creek section. 

The limestone beds locally contain 
patches of silica showing prominent 
beekite rings that may be mistaken for fos
sils by the uninitiated. Also occurring in 
the limestone are small excrescences of 
subchalcedonic, waxy lustered chert, col
ored dark gray to pearl-gray or woodash
gray to white and weathering dull brown .. 

Tanyard formation, Staendebach mem
ber.-The contact between the Threadgill 
and Staendebach members of the Tanyard 
formation in the Cherokee area is typically 
marked by a minor but persistent topo
graphic bench displaying slabs and cobbles 
of fine-grained to very fine-grained, nutria 
to beige or light gray dolomite, as well as 
thin slabs of the lowest laterally persistent 
porcelaneous and chalcedonic chert in the 
Ellenburger group in any significant quan
tity. Both the chert and the dolomite com
monly contain angular to subrounded gran
ule-sized fragments of different types of 
chert and at a few places are quite con
glomeratic. Although the chert is locally 
absent for considerable stretches laterally, 
it is notably persistent when considered in 
an areal sense; and, in association with 
the fine-grained dolomite, the topographic 
bench, and the granule conglomerate, or
dinarily makes a good marker. Locally, 
however, several similar dolomites occur 
on several similar benches, and chalce· 
donic and porcelaneous chert occurs lower 
in the section; so the Threadgill-Staende
bach contact may not everywhere be 
mapped at exactly the same stratigraphic 
position within the Cherokee area. 

Lateral variation from limestone to dolo
mite is common in the Staendebach mem· 
her in the Cherokee area; but in no instance 
does the limestone disappear completely, 
as do the thinner limestones of the Thread
gill. The lower Staendebach is persis
tently dolomitic and the upper beds 
are persistently calcitic. It is roughly 
estimated that the dolomitic facies ranges 
from 100 to 170 feet thick and the calcitic 
facies from 130 to 200 feet thick. 

Gorman formation.-The Tanyard--Gor· 
man contact in the Cherokee area is not 
well marked topographically; but it is 
abrupt lithologically at most places, and 
supporting faunal evidence may ordinarily 
be found on search. Although the break 
from the limestones and fine- to coarse-
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Table I. Grain sizes of dolomites in the Cherokee Creek section. A proportionate representation 
in terms of feet of section of grain sizes determined in the field in March, 1945, and in part lumped 
in description so that closer separation into specific units is not feasible. . " 
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Honeycut formation ___ 12.5 10 
Gorman formation 

(calcitic facies) ------ 15 16.5 
Gorman forma tion 

(dolomitic facies) ____ 62 15.5 23.5 
Total dolomite of 

Gorman formation ____ 77 15.5 40 
Staendebach member 

( calcitic facies) 
Staendebach member 

(dolomitic facies) ____ 
Total dolomite of 

Staendebach member 
Threadgill member 

(dolomitic facies 
and total dolomite)__ 

Total dolomite of 
Tanyard formation ____ 

grained dolomites of the Tanyard to the 
microgranular dolomites of the Gorman 
formation is ordinarily sharp, it is not 
invariably so; and at at least one locality, 
a little south-southeast of the J. W. Mc
Connell ranch headquarters, the contact 
is within a local limestone interval. Bright 
tones of rose and beige are especially 
notable in the dolomites of the Gorman 
formation in the Cherokee area. 

The thickness of the dolomitic facies 
in the Cherokee area probably varies be
tween 130 and 170 feet, and that of the 
calcitic facies between 260 and 300 feet. 
Measurements in the Cherokee Creek sec
tion give 151 and 275 feet respectively for 
the dolomitic and calcitic facies. Al
though dolomite is common in the calcitic 
facies of the Gorman, significant quantities 
of limestone do not generally occur in the 
dolomitic facies. A notable exception to 
this rule for the dolomitic facies is in 
the eastern part of the area, north of Rough 
Creek, east of the San Saba-Chappel road, 
and west of the Cherokee fault zone. 

Honeycut formation.-The thinly inter
bedded dolomites and limestones of the 
basal Honeycut break abruptly from the 
thickly bedded limestone sequence at the 
top of the G<irman, and the two formations 
are easily separated where they are 
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21.5 17.5 

5 4.5 22 13.5 5 

5 26 39.5 13.5 5 

11 19 2 

5 84 35 

5 84 46 19 2 

71 22 9 25 13~ 

5 155 68 28 27 133 

m normal stratigraphic superpos1t10n. 
Throughout much of the area silici
fied specimens of the brachiopod Xene
lasma may be found on the upper sur
face of the top thick limestone bed of the 
Gorman, marking the lowest recorded oc
currence of that genus as well as the Gor
man-Honeycut contact. In the southeast 
fault block of the Cherokee area, the topo
graphic break from the Gorman to the 
Honeycut formations is not well developed, 
but in the principal block it is very evident. 
Here, for several miles, the break from 
rough thickly cedared wasteland of die 
upper limestone of the Gorman formation 
to rolling upland pasture with scattered 
cedars and mesquite underlain by rocks of 
the Honeycut formation, occurs abruptly 
at the lower margin of an almost bare 
bench which is so marked that it is fol
lowed for much of its length by old pasture 
roads. This bench is mostly covered, but 
it is plain to see from the float that it is 
underlain by thinly bedded dolomites and 
limestones. Two to three beds of chert
matrix sandstone, grading laterally to 
arenaceous dolomite and limestone, occur 
in the lower 10 to 15 feet of the Honeycut 
strata along this bench, one being at or 
very near the base of that formation. The 
zone of silicified Xenelasma in limestone, 
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commonly accompanied by Roubidouxia, 
and the top of the Gorman formation come 
at the lower margin of this bench. 

West of the Little Llano River and Cher· 
okee fault zones the top of the Honeycut 
formation almost coincides with the prin
cipal Archaeoscyphia bed and the zone of 
Ceratopea capuliformis (130 to 140 feet 
above the base). Rarely the Archaeo
scyphia bed goes under the overlapping 
Mississippian strata and, for short dis
tances, up to about 25 feet of Honeycut 
strata appear above the principal Archaeo
scyphia bed and below the Mississippian. 
Thus the Ellenburger-Mississippian con
tact is inconspicuously unconformable. 
Immediately east of the Little Llano 
River fault zone, however, in the 
southeast part of the area, about 60 feet 
of Honeycut is exposed between the zone 
of Ceratopea capuliformis and the Mis
sissippian; and additional Honeycut strata 
appear from under the Mississippian in 
thi& unmapped fault block finally to dis
play 250 to 300 feet of Honeycut strata 
just west of Chappel. 

Although separable without difficulty 
where in normal stratigraphic succession, 
painstaking study is ordinarily required 
to separate Honeycut strata from Gorman 
in faulted zones. The separation can best 
be made where diagnostic fossils are found. 

CARBONIFEROUS 

The post-Ellenburger beds have been 
descrilied elsewhere, and most geologists 
will experience little difficulty in distin
guishing the characteristically dark, gran
ular, and commonly crinoidal limestones, 
shales, and sandstones of the Carboniferous 
from the Ellenburger strata. 

In the Cherokee area all Mississippian 
beds are mapped under one symbol and all 
Pennsylvanian strata under another, the 
reader being referred to Plummer's map of 
San Saha County (1940) for additional 
information on the distribution of the for
mations so mapped. 

The beds immediately overlying the 
Ellenburger in the Cherokee area are, in 
ascending order: a thin, discontinuous, 
brownish, locally crinoidal, unnamed chert 
breccia; the thin, discontinuous, brownish
gray, crinoidal limestone of the Chappel 
formation; and widespread, dark, petrolif-

erous shales and minor limestones of the 
Barnett shale. The two lower formations 
are too thin and sporadic in occurrence to 
express themselves topographically or den
drologically, but the outcrop of the Barnett 
shale is marked by a conspicuous narrow 
mesquite-covered bench between the cedar
covered Marble Falls limestone (Pennsyl
vanian) above and the cedar-supporting 
limestones and dolomites of the Honeycut 
fonnation below. 

STRATIGRAPHY OF THE JOHNSON CITY 
AREA, BLANCO COUNTY 

INTRODUCTORY STATEMENT 

The Johnson City area is in central 
Blanco County and includes the southeast
ernmost Paleozoic outcrops of the Llano 
uplift. A detailed planimetric map, which 
will accompany the final report, was made 
of an area about 6.5 by 13 miles in size, 
elongated in an east-west direction, and 
including Johnson City near the southwest
ern corner. Pedernales River, swinging 
through the area in broad meanders, has 
stripped away the Cretaceous rocks expos
ing the Paleozoic rocks. Cretaceous rocks 
surround the Paleozoic rocks within the 
map area except at the northwest corner. A 
narrow band of Cretaceous rocks north of 
Johnson City isolates the Paleozoic rocks 
of the eastern area from those of the west. 

To obtain a complete section in the John
son City area, extensive and painstaking 
mapping was necessary. In addition the 
area mapped serves as a test area to dem
onstrate the practicability of mapping the 
various formations and members defined, 
where complicated by faulting and the 
close proximity of Cretaceous conglomer
ates which shed chertified Ordovician fos
sils indiscriminately. Maps of two small 
areas covering the sections measured ac
company this report. One of these, of 
Honeycut Bend, Plate VI, 5 miles east
northeast of Johnson City, includes the 
sections of the Gorman and Honeycut 
formations and the top part of the Tanyard 
formation. The other, directly northwest 
of Johnson City, Plate V, includes the 
Tanyard formation and the Pedernales 
dolomite member of the Wilberns. 

Rocks mapped in addition to the divi
sions of the Lower Ordovician include: 
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Upper Cambrian-the Hickory sandstone, 
Cap Mountain limestone and Lion Monti· 
tain sandstone members of the Riley for· 
mation; the Welge standstone, Morgan 
Creek limestone, and Pedernales dolomite 
members of the Wilberns formation; De· 
vonian-the Stribling formation ( described 
by Barnes, Cloud, and Warren, 1945) ; 
Mississippian-the Chappel formation and 
Barnett shale; Pennsylvanian- the Marble 
Falls limestone, including a spiculite mem
ber at the bottom; and Lower Cretaceous
the Sycamore sand, Cow Creek limestone, 
and Hensell sand members of the Travis 
Peak formation; and the Glen Rose lime
stone. 

Fossils were collected from 96 Ordovi
cian and uppermost Cambrian localities in 
the Johnson City area. Of these, 5 are 
from the Pedernales dolomite member of 
the Wilberns formation; 4 from the 
Threadgill member and 26 from the 
Staendebach member of the Tanyard for
mation; 24 from the Gorman formation; 
and 37 from the Honeycut formation. 
Some fossil beds were mapped but not in 
their entirety. 

UPPER CAMBRIAN 

RILEY FORMATION 

The name Riley formation3 is here pro
posed to include all of the Cambrian strata 
in central Texas beneath the Wilberns for
mation. It includes, from base to top, 
rocks formerly known as the Hickory sand
stone, the Cap Mountain formation, and 
the Lion Mountain sandstone member of 
the Cap Mountain formation (see Wil
marth, 1938, for history). The contacts of 
these three rock units intergrade laterally, 
crossing fauna! zones. For this reason they 
are here considered to be members of a 
single formation and are designated the 
Hickory sandstone, the Cap Mountain lime
stone, and the Lion Mountain sandstone 
members of the Riley formation. 

The Riley formation takes its name from 
the Riley Mountains in southeastern Llano 
County, where the included members are 
well and typically exposed. Better sec
tions of the Riley formation are known 
from other parts of the Llano region; but 

3 0istinct from and not a revival of the Riley eedes of 
Comst('lck and Dun1ble. a term neither clearly defi ned nor 
i;stablished in scientific referencee (see Wilmarth, 1938, p. 
1815, a:ld references there given). 

the only complete section in the Riley 
Mountains for which measurements are 
available is in the Moore Hollow area, 
about 18 miles by speedometer south of the 
town of Llano and west of the Llano-Click 
road. In this area Cloud computed thick
nesses of 335 feet for the Hickory sand
stone member, 421 feet for the Cap Moun
tain limestone member, and 24 feet for the 
Lion Mountain sandstone member; making 
a total of 780 feet for the Riley formation. 

Hickory sandstone member.-On the 
map of the Johnson City area, to be in
cluded with the final report, the Hickory 
sandstone member of the Riley formation 
occupies a small area in the northwest cor
ner. The sandstone is noncalcareous and 
the color varies through different shades 
of brown. The present authors place its 
upper boundary at the change from cal
careous to noncalcareous sandstone, which 
produces a marked topographic and 
vegetational break well exhibited on aerial 
photographs. The calcareous beds form 
steep cedar-covered slopes, whereas the 
noncalcareous sandstone disintegrates, 
forming a sandy bench supporting clumps 
of oaks. 

Cap Mountain limestone member.-As 
redefined the Cap Mountain limestone 
member of the Riley formation occupies 
more section than has been allotted to it in 
the past, including quite sandy beds for
merly placed in the Hickory sandstone. The 
Cap Mountain limestone member, 400 feet 
or more thick in Blanco County, consists of 
a lower portion made up of alternating 
impure dark brown limestone and calca· 
reous sandstone becoming more calcareous 
upward, and an upper portion of mostly 
brownish-gray, thickly bedded to massive 
limestone. The lower boundary, based on 
lithology, rises westward, crossing fauna! 
zones until only about one-quarter as much 
of the limestone is present in northwestern 
Gillespie County as is present in Blanco 
County. The top boundary, likewise, is 
gradational, but much more nearly at the 
same time-horizon. 

Lion Mountain sandstone member.
This is a highly glauconitic sandstone, in 
the lower part of which are numerous lenses 
or tangential beds of a coquina-like lime
stone made up chiefly of trilobites. The Lion 
Mountain sandstone member forms a 
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bench with clumps of scattered vegetation 
distinct from the uniform vegetation cover 
of the members above and below. On 
aerial photographs, the Lion Mountain 
sandstone member has a characteristic ap
pearance that can be confused only with 
the bench previously mentioned as occur
ring at the top of the Hickory. 

WILBERNS FORMATION 

Welge sandstone member.-The brown, 
very sparsely glauconitic, in part reconsti
tuted, fine-grained Welge sandstone mem
ber of the Wilberns formation is sharply 
distinct from the underlying Lion Moun
tain sandstone member of the Riley forma
tion. It forms an abrupt scarp at the 
upper edge of the flat underlain by the 
Lion Mountain sandstone and is very heav
ily vegetated, producing on aerial photo
graphs a very dark narrow line of vegeta
tion. In Blanco County the Welge sand
stone member is 7 feet thick, only one
quarter as thick as in Gillespie County 40 
miles to the west. The Welge sandstone 
member grades upward into the Morgan 
Creek limestone member. 

Morgan Creek limestone member.-The 
Morgan Creek limestone member of the 
Wilberns formation in the Johnson City 
area comprises 154 feet of beds; mostly 
alternations of fine to medium-grained, 
glauconitic, greenish to twine-gray lime
stone and very fine-grained, light greenish
gray, stromatolitic limestones. A small 
amount of shale, some oolitic limestone in 
the bottom one-third, a thin shingle con
glomerate, and a bottom 14-foot interval of 
dark reddish-brown arenaceous limestone 
complete the member. On aerial photo
graphs the Morgan Creek is seen to be a 
distinctly bedded member with many indi
vidual beds traceable for long distances. 

Point Peak shale member.- An 11- to 
14-foot interval of thinly bedded, argil
I11ceous, dolomitic and glauconitic lime
stone at the top of the Morgan Creek lime
stone member of the Wilberns formation 
should probably be considered as all that 
remains of the Point Peak shale member 
of the Wilberns in the Johnson City area. 
This interval, except for the thinness of 
bedding, is similar to the overlying Peder
nales dolomite member and has been 
mapped with the Pedernales. 

San Saba limestone member.-No rocks 
assignable to the San Saba limestone mem
ber of the Wilberns formation are present 
in the Johnson City area. As explained 
elsewhere the San Saba limestone and 
Pedernales dolomite members are essen
tially equivalent facies, with limestone pre
dominating to the west and dolomite to the 
east. 

Pedernales dolomite member.-The type 
section of the Pedernales dolomite member 
of the Wilberns formation was chosen in 
t:1e Johnson City area on the assumption 
that because the dolomite extended farther 
down in the section here than anywhere 
else noted, more of it is present. This 
may not be true, for only about 187 feet of 
the Pedernales dolomite member is pres
ent in the Johnson City area. The total 
thickness of the Wilberns formation in the 
Johnson City area is 367 feet, which is 
much thinner than the 613 feet measured 
on Threadgill Creek 40 miles to the west. 
The thinning appears to be above the 
Plectotrophia zone, which, however, was 
not found in the Pedernales River section. 
One specimen of a syntrophid brachiopod 
resembling Plectotrophia was found at an
other locality in the Johnson City area in 
coarse-grained dolomite and associated 
with a chert similar to that seen 37 feet 
below the top of the Pedernales in the 
Pedernales River section. If this is the 
position of the Plectotrophia zone in the 
Johnson City area, it is then 330 feet above 
the base of the Wilberns as compared to a 
figure of 280 feet measured on Threadgill 
Creek. It is likely that the Pedernales was 
eroded at the top prior to the deposition of 
Tanyard sediments. The exposures of this 
contact in the Johnson City area are lim
ited and local evidences of erosion could 
easily be missed. In the Cherokee area there 
is definite evidence of an unconformity, 
whereas on Threadgill Creek, deposition 
seems to have been essentially continuous 
across the systemic boundary. 

The bottom 86 feet of the Pedernales 
dolomite member of the Wilberns is fine 
grained and evenly bedded, contrasting 
sharply with the overlying massive por
tion. The coarse-grained dolomites are 
predominantly light gray and silvery-gray 
with occasional intervals that are yellow
ish-gray or nutria. The fine·grained dolo-
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mite is predominantly yellowish-gray to 
beige with some nutria in the upper part. 
The entire dolomite section of the Johnson 
City area is speckled to mottled with dull , 
dark reddish-purple in varying degrees. 
Glauconite, common elsewhere in the up
per Wilberns, was not noted except in the 
basal few feet of beds of the Pedernales 
dolomite member in the Johnson City area. 

The type section of the Pedernales dolo
mite member of the Wilberns contains 
some chert, mostly near the top of the 
lower fine-grained portion. It is mostly 
fine grained, minutely to coarsely quartz
ose, compact to very porous, and medium 
brown to various shades of dirty gray and 
white. The chert is irregularly porous. 
It does not display distinct molds of either 
dolomite rhombs or ooids. Four miles to 
the northeast of the type section, chert of 
similar appearance is much more abundant 
in the Pedernales. 

Fossils are rare in the cherts, only five 
collections having been obtained in the 
area. A collection from near the top of 
the lower fine-grained dolomite (16T-6-
4A), containing an unnamed gastropod 
genus found elsewhere only in the cherts of 
the Copper Ridge dolomite of the southern 
Appalachian region and there locally asso
ciated with Scaevogyra, indicates general 
equivalence with the Potosi dolomite of 
Missouri. 

The Pedernales bears a thick growth of 
cedar except where a cedar eradication 
program has been in effect. The soil de
veloped on the Pedernales is scanty, and 
a characteristic surface is made up of pro
jecting boulders on a flat or gentle slope, 
mostly poorly drained and in wet weather 
noticeably wetter and more swampy than 
any other formation in the Llano uplift. 

LOWER ORDOVICIAN 

ELLENBURGER GROUP 

Tanyard formation, Threadgill mem
ber.-In the Johnson City area the Thread
gill member of the Tanyard formation, 239 
feet thick, is predominantly coarse-grained, 
light gray dolomite, except in the vicinity 
of Towhead Creek where a section of ap
proximately 185 feet of white to light gray 
sublithographic limestone was measured. 
A remarkable feature of the Threadgill 
rocks is the abruptness with which lime-

stone and dolomite replace each other 
laterally. The limestone mass cut by Tow
head Creek ends so abruptly eastward that 
a fault would be suspected. Enough inter
fingering and gradational meshwork
type dolomite in the limestone are 
present, however, to disprove a fault. 
Westward the gradation is not as sharp, 
and there is more interfingering. The 
Threadgill rests upon the microgranular 
Pedernales dolomite member of the Wil
berns along about half of its 3 miles of 
normal contact, Plate V, and in the western 
half rests directly upon coarse-grained 
dolomite of the Pedernales. The coarse
grained dolomites of these two units are 
so similar that the contact could not be 
followed, and the boundary was placed 
by the aid of aerial photographs and 
an attempt to walk out beds. Both dolo
mites are so massive that it is almost 
impossible to recognize and follow any one 
bed. 

In the Johnson City area chert is scarce 
in the Threadgill member of the Tanyard 
and consists mostly of small nodules or 
thin sheets along the bedding surfaces. It 
is mostly of a dark smoky or dirty gray 
color, opaque, lusterless except for a slight 
sparkle of minute quartz crystals, and is 
mostly compact but in part honeycombed. 
Few fossils were found in the chert, but 
enough were obtained to identify the rocks 
as Threadgill. Sections of fossils are 
somewhat more common on limestone sur
faces; but Ecculiomphalus, so common in 
the Threadgill member in Gillespie County, 
was not found. The Threadgill member of 
the Tanyard has no characteristics of out
crop, topography, or vegetation in its lim
ited area of occurrence in the vicinity of 
Johnson City to distinguish it on aerial 
photographs from the Pedernales dolomite 
member of the Wilberns. 

Tanyard formation, Staendebach mem
ber.- The boundary between the Thread
gill and Staendebach members of the 
Tanyard is not as well displayed in 
the Johnson City area as could be de
sired. There is only slightly more than 
a mile of normal contact, and the 
boundary drawn in the western part in
cludes the lowest fairly persistent porce
laneous cherts and was placed at the top 
of a thin, fine-grained, discontinuous dolo-



Texas Mineral Resources 157 

mite. As noted under "Principles of Cor
relation," the lowest white chert holds its 
position only approximately, and when so 
little normal contact is present, the bound
ary could easily be misplaced. If the 
Tanyard formation were to be divided only 
in the vicinity of Towhead Creek, the logi
cal boundary would be 33 feet higher 
where there is a marked change from 
coarse-grained to fine-grained dolomite. 

The Staendebach member of the Tan
yard is predominantly dolomite, with small 
areas of limestone near its base in the 
vicinity of Towhead Creek, Plate V, and 
thin discontinuous limestone beds at its top 
north of Pedernales River and in the 
Honeycut Bend area, Plate VI. The basal 
33 feet is coarse-grained, light gray dolo
mite, followed by about 130 feet of fine
grained dolomite that is predominantly 
nutria to yellowish-gray with some other 
colors such as beige, old ivory, and flesh. 
The grain size increases upward until the 
top 150 feet is mostly medium to slightly 
coarser grained dolomite, mostly of light 
gray to yellowish-gray color. In the lower 
part of the Honeycut Bend section, about 
30 feet of massive light to medium gray 
limestone tops the Staendebach. The lime
stones in the lower Staendebach of the 
vicinity of Towhead Creek grade abruptly 
to dolomite, are thinly to thicky bedded, 
have much the same mottled appearance as 
does the limestone of the Threadgill on 
Threadgill Creek, and even display sec
tions of Ecculiomphalus on some of the 
bedding surfaces. 

Chert is abundant, occurring as large 
masses, small masses, nodules, excres· 
censes, and interstitial material between 
dolomite rhombs. It ranges from com
pact to dolomoldic and is predomi
nantly porcelaneous and white. The chert 
is so abundant in the upper part that it 
influences the topography and vegetation. 
The chert accumulated on the surface 
masks outcrops and supports oaks, espe
cially around chert knobs. These features 
have photographic characteristics that are 
easily recognized on the aerial photo
graphs. Cedar, as elsewhere in this area, 
takes over where the chert is less plentiful. 

Fossils are common, especially near the 
top of the member, but these are discussed 
elsewhere. 

Gorman formation.- The clearest bound
ary within the Ordovician marks the base 
of the Gorman formation. The basal 
Gorman is microgranular dolomite which 
rests either on limestone or medium to 
coarse-grained dolomite of the Tanyard. 
Locally there is evidence to suggest a 
stratigraphic discordance at this contact, 
but this is not sufficiently conclusive to 
warrant an unqualified statement. 

The division of the Gorman formation 
into a lower dolomitic facies and an upper 
calcitic facies has not been attempted 
except locally in the Johnson City area. 
In the vicinity of Honeycut Bend, Plate VI, 
the division has been made using the 
Archaeoscyphia bed as the boundary. In 
this section 29 feet of limestone and 228 
feet of dolomite was measured below 
Archaeoscyphia. The Archaeoscyphia bed 
has been mapped at some other places, but 
in general to find and trace this bed in the 
various fault blocks requires more time 
than the results warrant. 

An abundance of microgranular dolo
mite characterizes the Gorman and Honey
cut formations. In the lower dolomitic 
facies of the Gorman, 175 feet of micro
granular dolomite and 53 feet of mostly 
fine-grained dolomite was measured. In 
the upper calcitic facies, 90 feet of micro
granular and 38 feet of fine-grained and 
some medium-grained dolomite was meas
ured. Many of the limestones and dolo
mites, especially the fine to medium
grained ones, grade laterally from one to 
the other, and no two sections would show 
the same proportions. It is thought, how
ever, that the microgranular dolomite 
shows less tendency to be replaced later
ally by limestone. 

The microgranular dolomites are mostly 
mottled and streaked in combinations of 
many colors such as old ivory, yellowish 
gray, beige, buff, and cinnamon, with occa
sional nutria and other tones of brown 
being present. The fine and medium
grained dolomites are mostly pearl-gray, 
yellowish-gray, and nutria, with colors such 
as light to medium gray, cement-gray, and 
buff being common. The limestones are 
predominantly light to medium gray and 
yellowish-gray. 

In the Johnson City area a significant 
feature of the Gorman formation is the 
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large number of thin sandy beds. The 
lower part of the Gorman formation has 
much the same photographic expression as 
the Tanyard formation beneath, whereas 
the upper part, consisting of alternating 
beds, has a pattern like that of the Honey
cut formation above. Much of the micro
granular dolomite is jointed in such a 
manner that sphenoidally shaped blocks 
are produced. Cedar is the predominant 
vegetation growing in the sparse soils on 
the Gorman formation. 

The top boundary of the formation in 
the Johnson City area is not easily picked 
and may in different fault blocks have been 
placed anywhere in a range of about 30 
feet. The lowest occurrence of Xenelasma 
was used in combination with the lowest 
cannonball cherts of the Honeycut forma
tion to establish the boundary, and pos
sibly the lowest occurrence of these fea
tures was not everywhere recognized. The 
contact as mapped in the vicinity of the 
Honeycut section was drawn on a sand bed 
at the upper edge of a small bench under
lain by poorly exposed dolomite and just 
beneath a limestone containing cannon
balls. Other areas have since been mapped, 

Formation 

Thickness in feet ----------------------------------
Per cent limestone ----------------- -----------------------
Per cent dolomite, fine to medium grained ___________ 

Per cent dolomite, microgranular ----------------

and it is now clear that the contact should 
have been placed 33 feet lower. 

Chert is more conspicuous in the upper 
calcitic portion of the Gorman than it is 
in the lower dolomitic portion. The chert 
varies through chalcedonic to subchalce
donic, porcelaneous to semiporcelaneous, 
and chalk textured. Some of the chert 
is crypto-oiilitic, some is dolomoldic, 
and a small amount is oolitic. A few 
quartzose excrescences are present, and the 
chert ranges from white to light gray to 
shades of brown such as nutria. 

Honeycut formation.-The type locality 
of the Honeycut formation, named from 
the Honeycut survey from which the local 
names of Honeycut Bend, Honeycut Hol
low, and Honeycut Spring have stemmed, 

is about 5 miles east of Johnson City. The 
measured section, mostly along Pedernales 
River in Honeycut Bend, had to be offset 
to Rough Hollow in order to complete the 
measurement of the bottom portion of the 
section. Owing to the presence of addi
tional beds at the top of the section, the 
Honeycut formation is thicker in this area 
than elsewhere in the Llano uplift. 

The Honeycut formation is composed of 
three distinct units which, however, have 
not been separately mapped. The lower 
unit, composed of alternating dolomite and 
limestone zones, in the measured section 
consists of limestone--! 03 feet; fine to 
medium-grained dolomite--70 feet; and 
microgranular dolomite--67 feet. The 
middle unit consists of limestone--6 feet; 
fine-grained dolomite--11 feet; and micro
granular dolomite--163 feet. The upper 
unit consists of limestone--158 feet; fine 
to medium-grained dolomite--23 feet; and 
microgranular dolomite-44 feet. The fol
lowing tabulation is given to aid visualiza
tion of the proportions of limestone and 
dolomite in the three units of the Honeycut 
formation and the two units of the Gorman 
formation. 

Gorman Honeycut 
Lower Upper Lower Middle Upper 

225 267 240 180 225 
11 52 43 3 70 
21 14 29 6 10 
68 34 28 91 20 

The lower unit of the Honeycut forma
tion is about equally dolomite and lime
stone, the middle unit preponderantly 
dolomite and the upper unit mostly lime
stone. The high proportion of micro
granular dolomite in the middle unit is an 
outstanding feature of the Honeycut rocks 
in their type section. 

The limestone of the lower unit is nutria, 
yellowish-gray, and light to medium gray 
in color; the small amount in the middle 
unit is light gray; and the upper unit has 
a wider range in color-light gray, old 
ivory, yellowish-gray, and near the base a 
reddish zone. 

The fine and medium-grained dolomites 
in the lower unit are nutria, woodash-gray, 
pearl-gray, light gray, and old ivory; in 
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the middle unit-pearl-gray, yellowish
gray, and light gray; and in the upper 
unit-pearl-gray, old ivory, and mouse
gray. 

The microgranular dolomites are darker, 
except in the upper unit, than are the 
microgranular dolomites of the Gorman. 
The predominant colors are browns and 
some lighter colors such as old ivory, 
beige, yellow-beige, flesh, pearl-gray, and 
cinnamon. The microgranular dolomites 
of the upper unit are mostly ivory, beige, 
and related colors, with some mouse-gray, 
yellowish-gray, and nutria. 

The chert of the Honeycut formation is 
about the same in all units except that it is 
in part darker in the lower unit, where also 
some radial quartz nodules are found. 
The chert is in part chalcedonic to sub
chalcedonic, in part porcelaneous to semi
porcelaneous, in part chalk textured, and 
occurs in part as cannonballs. It is white 
to various shades of grays and browns, 
including nutria in the lower half, and a 
thin zone of maroon chert is associated 
with the reddish limestone of the upper 
unit. 

The upper part of the Honeycut forma
tion, Plate VI, is sharply truncated, being 
overlapped by Devonian and Carbonifer· 
ous rocks. A Ceratopea "keithi" bed 100 
feet below the top in the type section is 
cut out by overlap one-half mile to the 
northeast. Further to the northeast some 
of the beds again come out from under the 
overlap, but there is no evidence that any 
Ordovician beds younger than those in the 
type section are exposed. 

The vegetation on the Honeycut forma
tion is mostly cedar, arranged in bands 
of varying density along the bedding sim
ilar to that of the upper part of the Gor
man formation. The paleontology of the 
Honeycut formation is discussed under 
"General Stratigraphy." 

DEVONIAN 

The rocks of Devonian age are described 
by Barnes, Cloud, and Warren ( 1945). 
The Stribling formation tops the Honeycut 
formation at the type section and is present 
at a few other places. 

CARBONIFEROUS 

Detailed description of the Carbon::er
ous rocks is beyond the scope of this re
port, and mention is made of them only to 
show the limiting beds of the upper surface 
of the Ellenburger. 

Mississippian rocks in ascending order 
are a brownish, crinoidal, locally calca
reous, thin, unnamed chert breccia ; brown
ish crinoidal limestone and black shale of 
the Chappel formation; and, at Elm Pool, 
a small outcrop of Barnett shale. All of 
these formations are discontinuous, and in 
many places Pennsylvanian rocks rest di
rectly on the Honeycut formation. 

Pennsylvanian rocks in this area belong 
to the Marble Falls limestone. A bottom 
spiculiferous member has been mapped 
separately, and this spiculite is described 
in the Devonian paper cited above. Its 
outcrop characteristics are distinct from 
those of any other unit in the area, the 
surface being littered with siliceous rubble. 
Oaks tend to grow on it ; cedars are not so 
well developed. 

CRETACEOUS 

In the Johnson City area outliers and 
tongues of Cretaceous constantly interfere 
with the tracing of structural and litho
logical features in the Ellenburger terrane, 
and the salting of outcrops with chert 
fossils from Cretaceous conglomerates is 
a common occurrence. 

Most of the divisions of the Cretaceous 
had been mapped before the inception of 
the joint work on the Ellenburger, and 
the map of the Johnson City area was, 
therefore, squared off and the various divi
sions of the Cretaceous shown. The Cre
taceous overlaps every other formation in 
the area, and farther west even overlaps 
the pre-Cambrian. The lowest Cretaceous, 
the Sycamore sand, overlaps only rocks 
of Carboniferous age. The next higher 
beds, the Cow Creek limestone member of 
the Travis Peak formation, overlap both 
Carboniferous rocks and the upper part of 
the Honeycut formation. The Hensel! 
sand, designated as the top member of the 
Travis Peak formation, but more accu· 
rately defined as a fades of the Glen Rose 
limestone, transgresses the rest of the 
Ordovician and Cambrian rocks to the 
west, except where high hills of Paleozoic 
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rocks are directly overlapped by Glen Rose 
limestone. The irregular pre·Cretaceous 
surface of the Paleozoic rocks could be 
much better pictured if a topographic map 
were available as a base on which to plot 
the geology. 

CONCLUDING REMARKS 

The foregoing discussion is offered in 
the hope that it will be of service to petro
leum geologists pending the completion of 
a more comprehensive report on the Ellen
burger group. The conclusions presented 
are entirely provisional. 

It is anticipated that phases of the Ellen
burger problem not considered or but 
briefly noted in the present report will be 
fully discussed in the later paper. Thin 
sections now at hand and chemical anal
yses being made will be available for inter
pretation. Discussions of structure and 
micropetrography are planned, and de
tailed descriptions of as many as possible 
of the sections listed on the local correla
tion chart will be given. More extensive 
regional correlation is contemplated and 
will be based on faunal evidence and 
actual field studies so far as practicable. 
Two maps in color of areas large enough 
to demonstrate lateral variation, structural 
features, and the mappability of the strati
graphic units will accompany the final 
report, as will also additional large-scale 
monochrome maps displaying the geologic 
relationships of all measured sections. It 
is intended that the final report be a com
prehensive study of Ellenburger stratig
raphy, with emphasis on features con
sidered important to the petroleum in
dustry. 
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THE DEVONIAN OF CENTRAL TEXAS 

V. E. BARNES,1 p. E. CLOUD, JR., 2 AND 1. E. W AHRENS 

INTRODUCTION 

During July, 1944, while making a criti
cal examination of the Ellenburger rocks 
(Lower Ordovician) of Honeycut Bend on 
~edernales River in Blanco County prelim
mary to measuring a section, Barnes and 
\_Varren. found fossils (16T-2-43M) 4 en
tirely different from any previously seen in 
the Ellen~urger in medium gray to beige
colored limestones above the highest Cera
topea beds. Silicified brachiopods were 
collected from similar rocks at another 
locality (16T-2-43N) and identified by 
Cloud on August 6, 1944, as of Devonian 
age. The 11-foot Devonian section of 
Honeycut Bend was measured and col
lected in detail by the writers on August 7, 
1944, and these collections, together with 
additional ones made by Barnes and 
Warren a few days later from outcrops 
farther to the northeast, establish correla
tion with lower Onondaga (Middle or 
Lower Devonian) rocks in the eastern 
United States. 

On June 2, 1944, while the writers and 
Dr. Josiah Bridge were examining a section 
of Ellenburger rocks on Pillar Bluff Creek 
in northern Burnet County, Warren and 
Bridge found a pocket of highly fossilifer
ous limestone near the top of the Ellen
burger. The fossils seen at that time were 
not recognized as Devonian, but in Sep
tember, 1944, Cloud obtained a variety of 
Helderberg (Lower Devonian) fossils from 
the locality (TF-273) .• 

Prepared under coOperative arrangement between the Bu · 
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'The Bureau of Economic Geology uae1 a 1yatem of lo· 
cality numbers in which each o( the 254 counties o( the 
State is aaaigned a number, Blanco County being number 16. 
The "T" stands for Texas, and the remainder of the numbn 
designate& the position within a county u recorded on aerial 
photographs for central Texas. On the maps accompanying 
this paper, th e "16T" bas been dropped to avoid crowding. 

ISCJoud's collections are numbered serially, with "TF" 
standing for Texas fossih. Tbe.e collections will be avail · 
able for study at the U. S. National Muaeum. 

A Devonian limestone of probable lower 
Middle Devonian age was found by Cloud 
in Mason County on November 12, 1944. 
This limestone will be described after the 
fossils collected from it have been criti
cally evaluated. 

On May 14, 1942, near Elm Pool in 
eastern Blanco County, Texas, Barnes 
and Warren collected a large slab 
(16T-2-33D) of dark brown limestone 
containing bones and abundant conodonts. 
Wilbert H. Hass in a memorandum to 
H. D. Miser, dated March 2, 1945, listed 
from identifications made in 1943, th; 
conodonts present in this slab and stated 
that they include both Upper Devonian 
and Lower Mississippian elements. 

Some of the rocks drilled in the subsur
face to the east of the area in which Devo
nian rocks outcrop have been surmised to 
be of Devonian age. Adkins and Arick 
(1930, p. 14) have indicated that M. G. 
Cheney thought some of the metamor
phosed Paleozoic (?) rocks of Bell 
County might be Woodford (Devonian ? ) 
in age. Sellards (1932, p. 89) states: "Sev
eral wells located near the inner margin 
of the Gulf Coastal Plain have drilled into 
sediments similar to and probably identi
cal with the Devonian of the Ouachita 
region of Oklahoma. Among wells enter
ing sediments of this kind are the Bailey 
and Slayden wells in Bell County and 
probably the Walsh well in Williamson 
County ... , all of which entered novacu
lite" (see also, Sellards, 1931, pp. 826-
827). An index map (fig. 42) shows the 
location of these wells, the location of 
Devonian outcrops so far known in central 
Texas, and the Ordovician-Carboniferous 
contact. It is expected that other Devonian 
outcrops will be found along this contact. 

The division of labor in this paper is 
roughly as follows: Cloud prepared 
the sections on "Correlation," "Lower 
Devonian," and "Economic and historic 
implications"; Barnes prepared the "Intro
duction" and descriptions of the Stribling 
formation and pre-Chappel rocks of equiv
ocal age; and Warren prepared the illus· 
trations. 
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Fig. 42. Index map showing location of known Devonian rocks and Ordovician-Carboniferous contact in central Texas. Adapted from the 
geologic map of Texas (Darton, Stephenson, and Gardner, 1937). 
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Grateful acknowledgment is made to Dr. 
G. A. Cooper of the U.S. National Museum, 
who reviewed most of the fauna! identifi
cations, amended some, and verified the 
stratigraphic determinations made on 
the basis of macrofossils except for 
the Stribling formation and the new 
unnamed formation from Mason County, 
whose faunas he has not yet seen. The 
original typescript for this paper was crit
ically reviewed by Drs. G. A. Cooper, 
Wilbert H. Hass, J. B. Reeside, Jr., and 
H. D. Miser. 

CORRELATION 

In order to make the information herein 
presented immediately available to the 
petroleum industry, and because of the 
pressure of other urgent work, exhaustive 
fauna! studies have not been undertaken. 
Faunas similar to those listed are illus
trated in publications cited in the bibliog
raphy, and some of the species are figured 
in the excellent reference "Index Fossils of 
North America" (Shimer and Shrock, 
1944). The fossils identified were pre· 
pared and traced to the nearest equivalents 
permissible from the facilities at hand, but 
description of the new fauna! elements is 
reserved for a future study. 

Description of local stratigraphic detail 
and documentation of the summary con
clusions here given immediately follow the 
discussion below. 

Two new formations of Devonian age 
have so far been incidentally discovered 
along the margins of the Llano uplift and 
are described in the present report. De
scription of a third formation is post
poned pending critical evaluation of its 
fauna. On a fauna! basis the two new 
formations described are assignable as 
follows: (1) the Pillar Bluff limestone to 
the Lower Devonian (Helderberg stage of 
Cooper and others, 1942) and (2) the 
Stribling formation to the lower Middle or 
upper Lower Devonian (Onondaga; or 
Onesquethaw stage of Cooper and others, 
1942). In addition conodonts prelimi
narily identified as typically Devonian, as 
well as Ordovician types, were found in 
mixed association with Mississippian forms 
and are being submitted to Dr. Wilbert H. 
Hass of the U. S. Geological Survey for 
further study. 

The Pillar Bluff limestone yielded a 
macrofauna of 28 to 33 species in 24 
genera and 4 phyla. Most of these fossils 
are brachiopods, and in general they indi
cate a Helderberg age, although Para
strophinella and other Silurian elements 
are present. It is here provisionally 
suggested that more specific correla
tion of the fauna may be with that of the 
New Scotland limestone of eastern New 
York, the Bailey limestone of southeastern 
Missouri and adjacent Illinois, the Hara
gan shale of the Arbuckle Mountains in 
Oklahoma, and equivalent rocks elsewhere 
(see Cooper and others, 1942). The Pillar 
Bluff limestone is the first known forma
tion of Helderberg age in Texas (Sellards, 
1932, p. 89) and apparently represents 
the most southerly and westerly occurrence 
of Helderberg rocks known in North 
America. 

A sparse but generally well-preserved 
macrofauna (9 or 10 species in the same 
number of genera and 3 phyla) dates the 
Stribling formation as the homotaxial 
equivalent of the Camden chert of west 
Tennessee; the Clear Creek limestone 
(chert) of southwestern Illinois; certain 
chert, novaculite, and sandstone st~ata in 
Arkansas and Oklahoma; and equivalent 
rocks elsewhere (see Cooper and others, 
1942). The Stribling formation comprises 
the first strata in Texas definitely assigned 
to the Onondaga (upper Lower or lower 
Middle Devonian; Onesquethaw stage of 
Cooper and others, 1942) and strengthens 
the inference that at least part of the 
Caballos novaculite of west Texas (King, 
1937; Cooper and others, 1942) belongs 
to the Onondaga by extending sout_hwest
ward the known range of beds of this age. 

Discovery of the Devonian rocks here 
described was purely incidental to strati· 
graphic work on the Ellenburger group 
(Lower Ordovician), and pockets or 
wedges of Devonian rocks might occur 
anywhere that Ellenburger and Carbonif
erous beds are stratigraphically juxta
posed. The "contact" of the Carboniferou$ 
strata with those of the Ellenburger 
throughout the uplift, slightly modified 
from the geologic map of Texas (Darton, 
Stephenson, and Gardner, 1937), is shown 
in figure 42. Continuing geologic map
ping in western Mason County has already 
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revealed previously unknown rocks of 
probable lower Middle Devonian age 
along this contact (fig. 42) ; and it is 
hoped that additional stratigraphic units 
(possibly even Silurian strata) will be 
found along this great unconformity, so 
prolific of relic formations. 

fauna of Helderberg age. The type local
ity is an ancient joint or cave filling at 
Pillar Bluff on Pillar Bluff Creek, 5 miles 
southwest of Lampasas and just south of 
the Lampasas County line in northern 
Burnet County. This pocket of Lower De
vonian rocks, replete with fossils, is sur· 
rounded by limestone and dolomite of the 
Ellenburger group (Lower Ordovician) of 
the Ceratopea "keithi" zone. It lies about 
30 feet vertically below the lower margin 
of the covering debris which conceals the 
overlap of the Carboniferous strata on the 
Ellenburger rocks at this place. 

STRATIGRAPHIC DETAIL 

LOWER DEVONIAN 

PILLAR BLUFF LIMESTONE 

The name Pillar Bluff limestone is here 
proposed for calcitic rocks carrying a 

Fig. 43. Geologic map of vicinity of Pillar Bluff, northern Burnet County, Texas. Geology by 
P. E. Cloud, Jr. Base from U. S. Department of Agriculture, Soil Conservation Service, aerial 
photograph CJC-47-133. 

Explanation: 
Oc Quaternary cover; alluvium, colluvium, and undifferentiable slope wash. 
Kgs Cretaceous (?), gravel and sand; probably representing basal Cretaceous overlap. 
Cmf Pennsylvanian, Marble Falls limestone; dark gray to black limestone and derived chert 

float. 
Cba Mississippian, Barnett shale; dark petroliferous shale and minor limestone. 
Ccp Mississippian, Chappel formation; dirty brownish slightly crinoidal limestone. 
Che Mississippian (?),basal chert; dull granular partly oolitic chert. 
M-D Mississippian or Devonian pre-Chappel rocks; yellowish to brownish impure limestone 

Dpbt 
Dpbd 
Oeu 

with phosphatic pellets (TF-294). 
Devonian, Pillar Bluff limestone; type locality (TF-273). 
Devonian, Pillar Bluff limestone; dark limestone with phosphatic pellets (TF-274). 
Ordovician, upper Ellenburger strata: limestone and dolomite of the Honeycut formation 

(F indicates occurrence of dating fossils). 
All symbols are in standard usage or are explained in the text. 
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The general geologic environment of the 
occuMence is shown on a geologic map by 
Plummer and Grant (1940) and figure 43 
of the present paper shows the local rela
tionships. Fossil locality TF-273, which 
is the type locality, may be reached by 
road from the Lampasas courthouse as 
follows: go west and then south 1.3 miles 
on U.S. highway No. 281, turn west at the 
south edge of Panther Park, and follow 
the Naruna road 4.5 miles to a bend in the 
road. The locality is about 750 feet south· 
southeast of this bend and 340 feet east 
of the pillar at Pillar Bluff, on the west 
side of a northwest-southeast trending in· 
terior fence on the F. M. Bodenhamer 
ranch. 

When first discovered in June 1944, the 
rocks at this locality were considered to 
represent a pocket of limestone belonging 
to the Chappel formation (Lower Missis
sippian). Subsequent preparation and 
study of the few fossils then obtained sug
gested Devonian affinities, an inference 
confirmed by the fossils procured on two 
return trips to the locality in September, 
1944. 

The known areal extent of the Pillar 
Bluff limestone is small. The discovery 
locality (TF-273), shown on Plate IX-A, 
consisted of a thin film of highly fossil
iferous rock plastered against a ledge of 
limestone of the Ellenburger group, with 7 
medium-sized blocks and 10 or 12 small 
blocks of similar material scattered over 
the adjoining 50 square feet. Four of the 
large blocks and all the small ones were 
later pried loose and cracked up in search 
of fossils, so only about a third of the 
original occurrence remains. Search near 
by failed to reveal any other rock with the 
prolific macrofauna of the discovery 
blocks; but sparingly fossiliferous Devo
nian rock occurs as a discontinuous linear 
outcrop about 120 feet long and 1 to 3.5 
feet wide, and striking N.40° to 55°E., 
between locality TF-273 and the southeast 
terminus of Pillar Bluff. In addition, five 
very small outcrops, two of them fossil
iferous, were found within a 200-foot ra
dius of the discovery locality; but only 
one of these was large enough to warrant 
mapping. Occasional cobbles of dark, 
phosphatic limestone, similar to the spar
ingly fossiliferous limestone of the Pillar 

Bluff were seen northwest of the discovery 
locality toward the margin of Carbonifer
ous overlap, but those examined lacked 
macro fossils. 

No section or estimate as to thickness 
can be given for the Pillar Bluff limestone 
because of the peculiar manner in which 
it is preserved. The lack of brecciation 
and the coquina-like nature of the rock at 
locality TF-273 (Pl. IX-B) indicate that 
the sediments from which it formed either 
accumulated in openings in the clean-swept 
Ellenburger floor of the Helderberg sea as 
a result of wave action or were trapped by 
the collapse of underlying cave roofs pre
vious to lithification. The shells in this 
rock certainly did not live in their crowded 
and disjointed condition of fossilization, 
yet the Pillar Bluff limestone is remark· 
ably unmixed and uncontaminated by its 
Ellenburger host rock. The narrowly 
linear trend of the sparingly fossiliferous 
Pillar Bluff limestone between locality 
TF-273 and Pillar Bluff suggests a joint 
filling. 

The lithology of the Pillar Bluff lime· 
stone is predominantly of two types. One 
is a fine- to coarse-grained, yellowish-gray 
to ivory-colored, fairly pure limestone, 
crowded with fossils and breaking easily 
when struck with a hammer. The residue 
from dissolution of this rock in acetic acid 
is roughly 5 per cent of total original 
volume and consists of dolomite rhombs, 
crystalline quartz, scattered crystalline 
opaque minerals, fragments of inarticulate 
brachiopods, and a few conodonts. The 
second type of limestone is fine to very fin e 
grained; gray, dull yellow, or olive-drab, 
ranging to gold and light bronze with roan 
splotches; slightly dolomitic; has few or 
no macrofossils ; and is commonly very re
sistant to fracture. It has an earthy odor 
when damp and typically contains phos
phatic granules and grains of glauconite 
and quartz. The residue from dissolution 
in acetic acid forms roughly 15 to 25 per 
cent of total original volume. In it dolo
mite rhombs predominate, phosphatic 
granules are common, quartz and glaucon
ite grains are fairly common, and an occa
sional conodont is seen. While prying 
the fossiliferous blocks loose it was noticed 
that the finer grained, impure, sparingly 
fossiliferous limestone occurred below the 
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more coarsely granular coquina-like rock. 
The poorly preserved macrofauna of the 

Pillar Bluff limestone is considered to be 
Helderberg and is provisionally corre
lated with that of the New Scotland lime
stone and equivalent formations (see 
Cooper and others, 1942) . Illustrations 

of faunas thought to be generally correla
tive are given by Tansey (1922) ; . Hall 
(1861); Swartz, Schuchert, and others 
(1913); and Dunbar (1919). 

Twenty-eight to 33 species in 24 genera 
and 4 phyla were found at locality 

The University of Texas Publication 4301 Plate IX 

(A) Type locality of the Pillar Bluff limestone (TF-273), Burnet County, Texas. 
Broken line outlines discovery pocket; marginal rock is limestone of the Ellenburger 
group. Photograph made from top of a fence. 

(B) Detail of fossiliferous Pillar Bluff limestone. The same blocks in (A) 
and (B) are marked by "X" and "Y." 
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TF-273, the following identifications and 
comparisons having been reviewed and in 
part amended by Dr. G. A. Cooper (starred 
forms are considered to be most significant 
in correlation) : 

Cryptostomatous bryozoan, unidentifiable 
as to genus 

Orbiculoidea sp. 
Orthostrophia, n.sp. 
Parastrophinella, 1 to 3 new species 

• Anastrophia verneuili (Hall) 
"Stenoscisma" formosa (Hall) 
Camarotoechia, fragmentary specimens 

belonging to several species 
*Uncinulus subpyramidatus Tansey 
Uncinulus nucleolatus (Hall) 
Uncinulus cf. U. mutabilis (Hall) 
Atrypa cf. A. reticularis (Linnaeus) 
Coelospira cf. C. concava (Hall) 

• Atrypina cf. A. imbricata (Hall) 
• Acrospirifer cyclopterus (Hall) 
Delthyris aff. D. octocostata (Hall) 

*Meristella atoka Girty 
Meristella cf. M. laevis (Vanuxem) 
Strophonella cf. S. punctulifera (Conrad) 
Protoleptostrophia ? sp. 
Leptaena cf. L. rhomboidalis (Wilckens) 
Leptaenisca sp. 

*Schuchertella sp. 
Levenea ? sp. 
Rhipidomella sp. 
Actinoptera cf. A. communis (Hall) 
Platyceras sp. 
Orthonychia cf. 0. plicatmn (Conrad) 
"Dalmanites" sp. 

In addition a few conodonts were seen 
in acetic acid insolubles from locality 
TF-273 and TF-273c. 

PILLAR BLUFF ( ?) LIMESTONE 

Several feet below the type section of the 
Stribling formation in Blanco County (figs. 
44 and 45), is a pocket of impure lime
stone, enclosed by Ellenburger strata, from 
which th~ following macrofossils were col
lected (locality 16T-2-43P): 

Orbiculoidea sp. 
Delthyris ? sp. (dorsal valves only) 
Camarotoechia ? sp. (ventral valves only) 
Coelospira or Leptocoelia immature sp. 
Meristella or Athyris sp. 1 (ventral 

valves only) 
Meristella or Athyris sp. 2 (ventral 

valves only) 

In addition to the macrofossils, a few con
odonts were seen in acetic acid residues 
from this limestone. 

The evidence of these fossils alone is 
equivocal, and for all th~y tell, the rock 

could be of Helderberg, Oriskany, Onon
daga, or even Silurian age. But the Strib
ling formation is early Onondaga (Ones
quethaw stage of Cooper and others, 1942) , 
and there is no evidence to indicate that 
the material in question reached its present 
position through an opening that pene
trated the Stribling formation, represent
ing strata formerly overlying the Stribling 
rocks but now absent from this vicinity. 
Moreover, there is little resemblance be
tween the fauna of the pocket and that of 
the Stribling, so it is unlikely that the 
pocket filling represents the Stribling for· 
mation itself. The inference is that the 
filling was deposited in the pocket 
before Stribling time. The only pre
Stribling and post-Ellenburger rock so 
far known in central Texas is the 
Pillar Bluff limestone, and the fossils from 
the pocket at locality 16T-2-43P are com
patible with assignment to the fauna repre
sented by those contained in the Pillar 
Bluff limestone at the type locality. The 
rocks at locality 16T-2-43P resemble 
some of the impure limestone of Helder
berg age at Pillar Bluff. 

An earthy yellowish limestone contain
ing phosphatic pellets and possibly repre
senting the Pillar Bluff limestone may be 
seen filling old joints and irregular cracks 
in the upper beds of the Ellenburger group 
near the crossing of the Cypress Mill
Round Mountain road over Cypress creek 
in Blanco County. 

MIDDLE OH LOWER DEVONIAN 

STRIBLING FORMATION 

The rocks equivalent to the Camden 
chert, as far as mapped, are located in 
eastern Blanco County on the southewern 
side of the Llano uplift. The type locality 
(fig. 44) is 5 miles due east of Johnson 
City at the foot of a bluff on the south bank 
and in a reach of Pedernales River known 
as Honeycut Bend. It is located in the 
Peter Jackson survey and is on the Clayton 
and Olla Stribling (7L) ranch. The name 
most suited for this formation is "Strib
ling," which is well known in central 
Texas. Another outcrop, in which silici
fied fossils were found, is located one-half 
mile to the southwest along Honeycut Hol· 
low in the Roland Honeycut survey. 
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Fig. 44. Geologic map of Honeycut Bend, Blanco County, Texas, showing location of Stribling 
formation. Base from U. S. Department of Agriculture, Soil Conservation Service, aerial photo
graphs Bown in 1940. 
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Other outcrops of the Stribling forma· 
tion are located 4 and 5 miles northeast 
of the type section on the Cage ranch (fig. 
46). Most of the Ordovician-Carbonifer
ous contact in Blanco County has been 
examined for remnants of Devonian rocks. 
At the type section a pocket of Devonian 
rocks filling a small "cave" in limestone of 
the Ellenburger group is probably more 
nearly a correlative of the Pillar Bluff 
limestone and is described above. 

The Stribling formation, a graphic sec· 
tion of which is given in figure 45, is 11 
feet thick and consists of a basal sandy 
limestone an inch or two thick, firmly 
joined with the Ellenburger beneath, and 

90 feet 

80 
CRETACEOUS 

70 

blocks with fissile beds between them is 
characteristic of the Stribling formation 
and distinguishes it from any other forma· 
tion known in the Llano uplift. 

Above the Stribling formation is a chert 
breccia about 1.5 feet thick containing 
some conodont-bearing brownish-gray 
limestone here considered to be of basal 
Mississippian age. The next formation 
above the breccia is a 7- to 8-foot interval, 
probably Chappel in age, consisting of 
brown crinoidal limestone with irregular 
lenses of black shale. This is followed by 
a calcareous, fissile, dark gray spiculifer
ous rock which makes up the rest of the 
bluff and extends to the overlapping Cow 

$picu\ite zone In 
\•~ r ble falls \l'Tlestone 

PENNSYLVANIAN 60 

50 

40 

Fig. 45. Diagram of type section of Stribling formation, Blanco County, Texas. 

an upper limestone which is mostly cherty, 
irregularly bedded, smooth-fracturing, fos· 
siliferous, and medium gray to beige
colored. The Stribling formation is distinct 
from the light gray, medium to thick· 
bedded, regularly bedded limestone of the 
Ellenburger upon which it was deposited. 
The rocks of the two units along the 
bluff appear conformable, but dips meas
ured by Brunton compass indicate an angu
lar discordance. 

Plate X-A shows the Stribling forma
tion viewed southwest along the face of the 
bluff. Warren is standing on top of the 
Stribling, and a packsack (not too evident) 
is on the top thick bed of limestone of the 
Ellenburger. Plate X-B is a view showing 
the bedding detail of approximately the 
middle 4 feet of the Stribling. The lentic· 
ularly polygonal shape of the limestone 

Creek limestone member of the Travis 
Peak formatinn of Cretaceous age. The 
fresh spiculiferous rock is composed of 
sponge spicules in a very fine-grained 
groundmass of calcite. When leached of 
calcite it ranges in color on fresh breaks 
from white to an ivory or even apricot or 
darker color, depending upon the amount 
of iron present. The weathered rock ranges 
from a friable tripoli to a minutely porous 
to compact blocky light-colored rock which, 
under the microscope, is seen to be com· 
posed of cryptocrystalline silica. Spicu
lite is considered an apt name for the fresh 
rock. The spiculite is a portion of the 
Pennsylvanian Marble Falls limestone. 

The Cretaceous rocks are essentially 
horizontal and overlap the southeastward 
dipping (average about 7°) Paleozoic 
rocks. The Carboniferous rocks and pos· 
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The University of Texas Publication 4401 Plate X 

(A) Type locality of the Stribling formation (16T-2-43M), Blanco County, 
Texas. Top of Stribling formation indicated by "X"; top of Ellenburger group 
by "Y." 

(B) Detail of bedding in Stribling formation. 
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sibly the Devonian rocks dip less steeply 
than the Ordovician. The top Ceratopea 
bed (fig. 44) mapped in the Ellenburger 
strata is 100 feet beneath the type section 
of the Stribling formation and is directly 
overlapped by Carboniferous rocks near 
the north edge of the map, an unusually 
abrupt truncation along the Ellenburger
Caboniferous contact. 

Description of the type section of the 
Stribling formation follows: 

Mississippian 
Chert breccia 

Devonian (Stribling formation) 

Thickness 
Inches 

Limestone with argillaceous films 
along thin partings--microgranu· 
Jar, light to medium gray to beige, 
in part thinly platy to almost fissile, 
grading laterally into more massive 
portions. Chert in irregular lenses 
and "false" joint fillings, chalce
donic to subchalcedonic brownish to 
grayish to dirty white in color. Fos
sils scattered throughout, neither 
rare nor common --------------------------- 15 

Leptocoelia sp. 
Lingulid brachiopod 
Eodevonaria arcuata (Hall) 
Phacops ? 

Limestone and chert-similar to 
above. Fossils scattered throughout 
but uncommon -------------------------------- 31 

Leptocoelia n.sp. 
Limestone-similar to above; weath

ers thinly platy and is overlain by 
fairly continuous chert lenses of 
varying thickness. Fossils abundant 7 

Leptocoelia, n.sp. 
Schuchertella cf. S. woolworthana 

(Hall) 
Eodevonaria 

Limestone-similar to above; upper 
part more massive and lower part 
more platy; no fossils seen______________ 19 

Limestone and chert-similar to 
above. Fossils fairly common to 
abundant throughout ------------------ 22 

Leptocoelia, n.sp. 
Limestone - microgranular, slightly 

argillaceous, gray to beige, splits 
readily along thinly spaced parting 
surfaces and weathers variously 
along its trace to thin slabby layers 
wedging out against more massive 
portions in beds up to 6 inches 
thick; in part almost fissile. Has 
irregular lenses and lenticles of 
bluish, yellowish, and grayish chal
cedonic to subchalcedonic chert. 
Assemblage weathers to uneven sur
faces; limestone weathers medium 
gray and chert dirty brown. Fos-
sils in lower inch; uncommon_________ 14 

Schuchertella sp. 

Thickness 
Inches 

Limestone-similar to above but less 
erratic as to lateral distribution of 
thinly platy and massive portions. 
Lenticles of yellowish siliceous lime
stone come in laterally. Fossils 
common but not abundant________________ 13.5 

Leptocoelia, n.sp. 
Schuchertella cf. S. woolworth-

ana (Hall) 
Anoplia nucleata (Hall) 
Eodevonaria arcuata (Hall) 
Dalmanites ? 

Limestone-microgranular, beige to 
gray. Makes a single bed or weath
ers on parting surfaces to thinner 
beds. Weathers smooth and me-
dium gray. Fossils abundant____________ 9.5 

Leptocoelia, n.sp. 
Eodevonaria arcuata (Hall) 
Anoplia cf. A. nucleata (Hall) 
Platyostoma (small species) 

Limestone - arenaceous, grayish· ye]. 
low with scattered rounded quartz 
grains and other minerals; pinches 
out laterally. No fossils seen ________ 2 

Total thickness of Stribling for-
mation ------------------------------------------ 133.0 

Ordovician ( Ellenburger group) 
Limestone - sublithographic, 1 i g ht 

gray, with small specks of crystal
line calcite. Weathers smooth and 
medium bluish-gray. Fossils along 
strike. 

Ceratopea sp. 
Hormotoma sp. 
Orospira sp. 

Acetic acid residues prepared from parts 
of the above limestone were minute in 
quantity and contained no conodonts or 
other microfossils. Cloud summarizes the 
fauna! evidence of the Stribling formation 
as follows: 

"Sparse though the generally well-pre· 
served fauna of the Stribling formation is 
(9 or 10 species), present knowledge of 
Devonian faunas would permit it to be 
assigned only to an Oriskany or Onon
daga age. On the basis of the elements 
starred in the lists below, it is here 
regarded as the equivalent of the Camden 
chert of west Tennessee and its correlatives 
(Cooper and others, 1942) and is therefore 
assigned to the lower Onondaga (Ones
quethaw stage of Cooper and others, 1942). 
Illustrations of species similar to or iden
tical with those of the Stribling formation 
may be found in papers by Dunbar (1919) : 
Swartz, Schuchert, and others (1913); and 
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Shimer and Shrock (1944). Faunal lists 
follow: 

Locality 16T-2-43M (type section): 
"Lingula" sp. 
•Leptocoelia, n.sp. 
Schuchertella cf. S. woolworthana (Hall) 

•Eodevonaria arcuata (Hall) 
Anoplia nucleata (Hall) 
Platyostoma sp. 

"Dalmanites" sp. 
"Phacops" sp. 

Locality 16T-2-27 A, (Cage ranch) : 
*Leptocoelia, n.sp. 
Schuchertella cf. S. woolworthana (Hall) 
Chonetes or Eodevonaria sp. 

*"Centronella" sp. (a single impression of 
a ventral interior) 

Locality 16T-2-43N (Honeycut Hollow) : 
• Leptocoelia, n.sp. 
Schuchertella cf. S. woolworthana (Hall)" 

The Stribling formation exposed along 
Honeycut Hollow (16T-2-43N, fig. 44) is 
very similar to that described along Peder· 
nales River at the type section, except that 
the fossils are silicified and the formation 
is not quite as well exposed. 

The Stribling formation outcrops in two 
places on the Cage ranch (fig. 46) about 
4 and 5 miles airline south-southwest of 
Cypress Mill. The formation here has a 
maximum thickness of about 4 feet and has 
about the same appearance as tl!e bottom 
4 feet at the type locality, except that some 
of the lower beds are more yellow in color. 
It is fossiliferous, with silicified fossils on 
gentle slopes and nonsilicified fossils along 
creek cuts. The fauna! lists for the Strib
ling of Honeycut Hollow and the Cage 
ranch locality (16T-2-27A2 ) are given 
above. 

PRE-CHAPPEL ROCKS OF EQUIVOCAL ACE 

A slab of conodont- and bone-bearing 
calcareous and phosphatic rock (16T-2-
33D) was found and collected by Barnes 
and Warren while they were mapping the 
Ordovician-Carboniferous contact near 
Elm Pool, Blanco County, on May 14, 
1942. In August, 1942, Wilbert H. Hass 
chipped material from this slab to be used 
in his doctoral dissertation entitled "Con· 
odonts of the Central Mineral Region, 
Texas,"and he has stated that both '"Mis
sissippian" and "Devonian" types were 
present in this sample (memorandum to 
H. D. Miser dated March 2, 1945). In the 
meantime three other localities were found 

at which similar conodont· and bone-bear
ing rock occurs: 16T-2-25B, 16T-l-32C, 
and 16T-2-27A1• At the last locality 
( 16T-2-27 Ai) macrofossils, recognized 
provisionally by Cloud and positively by 
Dr. G. A. Cooper (letter to Cloud, Febru
ary 27, 1945) as of earliest Mississippian 
age, were found in a similar but more cal
careous and less phosphatic rock associ
ated with an unnamed chert breccia below 
limestone of the Chappel formation and 
above rocks of the Ellenburger group. At 
all localities where the brown conodont
and bone-bearing rock was seen it occurs 
below limestones of the Chappel forma
tion and above rocks of the Ellenburger 
group. 

The localities 16T-2-25B and 16T-2-
27A1 appear only on the index map (fig. 
42) and are therefore described here. Lo
cality 16T-2-25B is 2 miles south-south
west of Cypress Mill, 6000 feet northwest 
of the foot of Pedernales Falls, 1 mile 
southeast of the Cage ranch turn-off from 
tl!e Cypress Mill-Johnson City road, 800 
feet north-northeast of a depression, 200 
feet south of a dry wash, and 100 feet west 
of a crooked fence. Locality 16T-l-32C 
is located at Cypress Mill; 300 feet east of 
the Cypress Mill-Round Mountain road, 
approximately 200 feet north of Cypress 
Creek, and 600 feet northeast of U. S. Geo
logical Survey bench mark 968. 

Where unmixed with the unnamed chert 
breccia of basal Mississippian age, the con
odont- and bone-bearing bed is as much as 
6 inches thick, and it crops out for only a 
few feet laterally at the several localities. 
It is dark brown in color and contains 
numerous conodonts, fragments of bones, 
phosphatic or clay pellets, and sand 
grains. It is in part oolitic, and crinoid 
~olumnals are not uncommon. The orig
mal slab collec~ed has exposed upon it a 
broken bone 8 mches long and 1.5 inches 
across. 

Field studies by the authors indicate that 
the chert breccia and the conodont- and 
bone-be~ring limestone are very closely 
related if not lateral equivalents; and the 
macrofauna from locality 16T-2-27A in
dicates that they are at least locall~ of 
earliest ~fi.s~issi_Ppian (pre-Chappel) age. 
The poss1b1hty is not yet to l:>e discounted, 
however, that these strata may be in part 
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of Stribling formation and pre-Chappel rocks of equivocal age. Base from U. S. Department of Agri
culture, Soil Conservation Service, aerial photographs flown in 1940. 
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of highest Devonian age, and until work 
by Dr. Wilbert H. Hass on a number of 
conodont assemblages from similar rocks 
is available, it seems best to consider as 
equivocal their age at localities other than 
16T-2- 27A1 • They may represent essen· 
tially a sea bottom condition of long dura· 
tion and varying age. 

With reference to fossils obtained from 
locality 16T-2-27A1 Cloud makes this 
statement: "The following list of identifi· 
cations made by me and confirmed by Dr. 
G. A. Cooper gives the complete macro· 
fauna collected from locality 16T-2-27A1 

and indicates its earliest Mississippian age. 
Dr. Cooper states that it is 'probably a 
representative of the Hamburg fauna' 
(letter of February 27, 1945). 

';Lingula" sp. 
Orbiculoidea sp. 

"Allorhynchus" cf. "A." curriei (Rowley) 
Sedenticellula aff. S. hamburgensis 

(Weller) 
Brachythyris cf. B. burlingtonensis Weller 
Reticularia ? sp. 
Cranaena sp. 
Fragmental 'fish' plates 

"In addition, acetic acid insolubles 
prepared from samples of the limestone 
from locality 16T- 2-27A1 revealed a 
mixed conodont fauna containing forms 
generally considered to be Ordovician 
(Chirognathus) as well as Devonian and 
Mississippian types. These Ordovician 
conodonts more nearly resemble Middle 
Ordovician types than they do those ob
tained from the Ellenburger group (Lower 
Ordovician) by Dr. W. C. Bell (laboratory 
record) in acetic acid residues from the 
lower 10 feet of the Gasconade equivalent 
in the Threadgill Creek section of north· 
western Gillespie County; our only record 
of Ellenburger conodonts. Whether the 
Ordovician conodonts from locality 16T-
2-27 A1 are the 'ghosts' of the Simpson 
group at the surface or were actually de
rived from strata of the Ellenburger group 
is a question worthy of further study." 

ECONOMIC AND HISTORIC 
IMPLICATIONS 

The discoveries here noted are signifi· 
cant to the present search for new sources 
of petroleum. The presence of essentially 
correlative Helderberg and Onondaga 

rocks in southeastern Oklahoma and 
central Texas furnishes reason to believe 
that equivalent sediments were deposited, 
perhaps to much greater thickness, in 
the intervening region. Possibilities for 
stratigraphic traps related to the De
vonian rocks, elsewhere a source of 
petroleum, should be good because of 
their unconformable relationships to for
mations above and below, as well as be
cause of probable facies changes, elsewhere 
common to Devonian beds. 

The Ordovician conodonts, found in a 
mixed assemblage at locality 16T-2-27A,, 
indicate either that these microfossils, 
potentially important in subsurface cor
relation, occur more widely in Ellenburger 
rocks than has been suspected or that strata 
of the Simpson group, another known pro
ducer of oil, may extend as far south as the 
Llano region in the subsurface. 

The occurrence of the Devonian forma· 
lions described, and the recent discovery of 
probable lower Middle Devonian rocks 
resting on much lower Ellenburger strata 
in western Mason County, proves that the 
major truncation of the Ellenburger rocks 
in the Llano region, and therefore in the 
adjacent subsurface, was essentially a pre· 
Middle Devonian event. It could have oc
curred over any period of time between 
the deposition of Lower Ordovician and 
Middle Devonian sediments, but proba
bilities appear to limit it to post-Middle 
Ordovician and pre-Lower Devonian. Sub
sequent truncations and overlaps were 
many and complex, but none appears to 
have so profoundly affected the Ordovician 
rocks of the Llano region again during 
the Paleozoic era. 
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OCCURRENCE OF OIL AND GAS IN TEXAS 

E. H. SELLARDS AND LEO HENDRICKS 

Oil is being produced in 155 counties 
of Texas. Ten additional counties pro· 
duce gas without oil, so that 165 of the 
254 counties of the State now (1945) pro· 
duce oil or gas or both. The major struc
tural features to which the greater part of 
the oil and gas production is related are 
as follows: Permian basin, including Cen· 
tral Basin Platform and Amarillo uplift; 
Bend arch; Red River uplift, including 
Electra arch and Muenster arch; Luling· 
Mexia-Talco fault system; Tyler basin; 
Sabine uplift; Rio Grande embayment; 
and Houston salt dome region. The loca
tion of these structural features, most of 
which are buried under later sediments, is 
indicated on the accompanying map, figure 
47. In these regions present production 
and future possibilities are influenced by 
structure, stratigraphy, porosity, character, 
and thickness of unaltered sediments. The 
distribution of oil and gas production by 
counties for the year 1943 is shown in 
Plate XIX. A map showing the location 
of oil and gas fields as of 1945 accom· 
panies this volume (Pl. I). 

PERMIAN BASIN 

The Permian basin is a large regional 
feature underlying a part of western 
Texas, eastern New Mexico, southeastern 
Colorado, the Oklahoma Panhandle, and 
a part of Kansas. The two major struc· 
tural features within the Texas portion of 
this great structural basin are the Central 
Basin Platform and the Amarillo uplift. 

CENTRAL BASIN PLATFORM 

The Central Basin Platform is a large, 
highly complicated, completely buried up
lift which trends north-northwest-south· 
southeast in the southern part of the Per· 
mian basin. It has a width of 45 or 50 
miles and is platform-like in that it is 
elevated 2000 feet or more above the level 
of the basin floor. The buried surface of 
the uplift is highly irregular, due to the 
many peaks and valleys developed during 
uplift and erosion. The oil fields of 
Andrews, Cochran, Crane, Ector, Gaines, 
Hockley, Pecos, Terry, Upton, Ward, 

Winkler, and Yoakum counties in Texas 
and adjoining counties in New Mexico are 
associated with this uplift. In genetic 
relationship to the Central Basin Platform 
and near its southeast margin is the Rea
gan uplift. Some of the oil fields of 
Crockett and Reagan counties are asso· 
ciated with this smaller uplift. The Cen· 
tral Basin Platform was formed within 
or at the close of Pennsylvanian time. 

During the Paleozoic era, previous to the 
formation of the uplift, this region re
ceived great deposits of Paleozoic sedi
ments. Following the mountain-making 
movements which formed the uplift, the 
Paleozoic formations were subjected to 
severe and long continued erosion. From 
the highest mountain peaks the sediments 
were entirely removed down to the pre· 
Cambrian basement rock. On the sides 
of the mountains, the Paleozoic formations 
were truncated, so that at present in ap· 
proaching the structurally highest areas 
one passes over the deeply buried truncated 
margins of successively older formations 
until the pre-Cambrian core of the moun
tain is reached. The structural conditions, 
as might be expected, are complicated, the 
buried mountain peaks and ranges being 
complex and the formations of pre· 
Cambrian age at some localities being dis· 
placed greatly by faulting. Following the 
period of erosion and near the beginning 
of Permian time, the entire Permian basin 
region was depressed and was occupied by 
the Permian sea. The earliest Permian 
sediments naturally were deposited on the 
lower elevation at the sides of the Central 
Basin Platform, but by continued deposi· 
tion the entire uplift was completely en· 
gulfed and ultimately covered by several 
thousand feet of sediments, chiefly Per· 
mian, although in some parts of the region 
Triassic, Cretaceous, and Cenozoic forma· 
lions are also present. 

In addition to deposits associated with 
the Central Basin Platform, oil production 
is obtained in the eastern part of the basin 
from reef-like deposits of Permian age 
underlying parts of Howard and Mitchell 
counties and known as the East Basin Plat-
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form. Production of oil is also obtained 
from Permian sediments in southwest and 
northwest Loving County, west of the 
Central Basin Platform. 

The Paleozoic systems known to be rep
resented underground in this part of the 
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Permian basin are in. order, beginning with 
the oldest, as follows: Ordovician, Silu
rian, Devonian, Mississippian, Pennsyl
vanian, and Permian. However, at no one 
locality on the uplift is there to be found a 
complete Paleozoic section, since, as pre-
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viously stated, a part or all of 1he pre· 
Permian Paleozoic is wanting, owing 
either to erosion or to non-deposition. The 
formations producing oil on and near the 
Central Basin Platform are those of Lower 
Ordovician (Ellenburger), Middle Ordo· 
vician (Simpson), Silurian, Devonian, 
Pennsylvanian (Strawn), and several 
horizons in the Permian. 

The conditions under which oil is stored 
in this region are extreme! y varied. At 
the margins of the platform sand lense 
deposition in Permian time was favorable 
to oil storage as were also organic reef 
deposits. Faults and folds afford traps 
for oil storage in the Permian and older 
formations. 

The Yates field of eastern Pecos County 
and western Crockett County, near the 
southern end of the Central Basin Plat· 
form, presents some of the most nearly 
ideal conditions for the production of oil 
and gas known in the world. The pay 
zone is comparatively shallow, average 
depth of the wells being 1150 feet. Initial 
potential production of the wells is very 
great, some of the earlier wells being 
capable of flowing at the rate of 100,000 
barrels per day. A large gas cap above the 
oil furnishes energy for producing the oil. 
The reservoir rock is a limestone of Per· 
mian age with cavernous-type porosity 
having a very great permeability. The 
field has a proven area of 19,500 acres. 
Two hundred seventy-five million barrels 
of oil have been produced from over 600 
wells. The field is far from being ex
hausted. 

Other important fields of the southern 
portion of the Permian basin are: Big 
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Lake of Reagan County, producing from 
both the Permian and the Lower Ordo
v1c1an; McCamey and Church-Field· 
McElroy of Crane and Upton counties ; 
Sand Hills of Crane County, producing 
from Permian and Ordovician ; North and 
South Ward of Ward County; Penwell , 
Goldsmith, and North Cowden of Ector 
County; Keystone (Permian and Ordo· 
vician), Hendricks, and Kermit of Winkler 
County; Fullerton and Means of Andrews 
County; Seminole of Gaines County; 
Wasson of Gaines and Yoakum counties; 
Slaughter of Cochran, Hockley, and Terry 
counties; Howard-Glasscock of Howard 
and Glasscock counties; Westbrook of 
Mitchell County. 

Prospect of deeper production in the 
present productive areas of the Central 
Basin Platform area varies with the com· 
plexities of structure in the basement rocks. 
Where these rocks reach within 4000 to 
5000 feet of the surface, all possibilities 
are being rapidly explored. In many of 
the structurally deeper areas great thick· 
nesses of sediments remain undrilled, the 
basement rocks probably being beyond the 
reach of the drill in the deepest places. 
The deepest well in the area to this time 
is located in southeastern Pecos County, 
south of the Central Basin Platform. It 
was drilled to a depth of 15,279 feet, just 
short of 3 miles, stopping in sedimentary 
rocks probably Lower Ordovician in age. 

Figure 48 shows a diagrammatic section 
across the southern Permian basin. In 
this region, as indicated in the sketch, an 
angular unconformity exists between the 
Permian and all older formations, the pre· 
Permian Paleozoic formations being trun· 
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Fig. 48. Diagrammatic section across southern Permian basin. 
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cated and, at the crests of some of the 
structural features, entirely removed. 

AMARILLO UPLIFT 

The Amarillo uplift is a buried struc
tural feature similar in some respects to 
the Central Basin Platform of west Texas. 
The uplift consists of a complexly folded 
and faulted granite mountain chain ex
tending across the middle of the Pan
handle of Texas, trending in a slightly 
northwest-southeast direction. The buried 
mountains are similar to the still exposed 
Wichita Mountains of southwestern Okla· 
homa and, like the Wichitas, consist of a 
series of peaks with intervening valleys. 
The uplift is cut by en echelon faults which 
trend northwest-southeast. The western
most known peak associated with this sys
tem in Texas is the Bravo dome, chiefly in 
Oldham County, which is adjacent to and 
may be part of the pre-Cambrian plateau 
of New Mexico. A deep trough separates 
this dome from the Amarillo uplift proper. 
The Bravo dome has not produced oil or 
gas. Other domes or peaks in the Pal
eo~oic ~ormations are: John Ray dome, 
chiefly m Potter County; Bush dome in 
Potter County ; 6666 dome in Carson 
County; Le Fors dome in Gray County; 
and Lela dome, chiefly in Wheeler County. 
Helium gas is obtained from Bush dome. 

Formations of Ordovician, Mississip
pian, and Pennsylvanian age are known 
to be present on the flanks and in the basin 
surrounding the uplift. Permian sedi
ments have completely buried the moun
tains and in turn are overlain by deposits 
of Triassic and Pliocene age, so that the 
peaks and ridges are now two to three 
thousand feet beneath the surface. Evi· 
dence indicates that the mountains were 
uplifted and all sediments eroded from 
their granite core during some period after 
Mississippian and prior to late Pennsyl
vanian. The time of the uplift therefore 
approximately coincides with the intense 
folding which underlies the Central Basin 
Platform. The oil fields of Carson, Gray, 
Hartley, Hutchinson, Moore, and Potter 
counties are associated with this uplift. 

The Lower Permian beds, made up of 
porous dolomites and elastic granite wash 
deposits, are now arched over the granite 
mountain ridge, forming a tremendous gas 
and oil reservoir. The producing struc-

ture extends for a distance of 120 miles, 
spreading to a width of 40 miles near its 
northwestern end. Gas is produced 
throughout the area, and more or less 
continuous oil production is present along 
the north flank for a distance of 75 miles. 
Production is chiefly from the Permian, 
but oil and gas are also present in the 
elastics of the Cisco formation of Upper 
Pennsylvanian age, where that formation 
is high enough on structure to be above 
the water table. 

Total gas production from the Pan
handle gas field in terms of cubic feet 
runs into astronomical figures-something 
over 11,000,000,000,000 (trillion) cubic 
feet. Over 450,000,000 barrels of oil have 
been produced. 

Prospects of deeper production in pres
ent producing areas on the Amarillo uplift 
are practically non-existent, due to the 
proximity of the basement rocks underly
ing the uplift. Opportunities for finding 
deep production in the Panhandle area 
consequently lie in the basin areas to the 
north and south of the Amarillo uplift. 
Formations of Mississippian and Ordo
vician age are known to be present in the 
section. Structures in the basins should 
furnish conditions for the accumulation of 
oil and gas in these formations. The 
actual depths at which the formations 
would be found in the deeper part of the 
basins are not known, but they should be 
well within reach of the drill. 

Figure 49 shows a north-south section 
across the Amarillo uplift indicating 
structural and stratigraphic conditions. 

NORTH-CENTRAL TEXAS 

Two large structural features which have 
influenced the accumulation of oil and gas 
deposits in north-central Texas are the 
Bend arch of central Texas and the Red 
River uplift in extreme north Texas. 

BEND ARCH 

The Bend arch is associated with the 
Llano uplift, a large domal feature in 
central Texas approximately 100 miles. 
across. Stratigraphic evidence indicates 
that the uplift of the Llano area began 
before Middle Devonian' and that the area 

1Barne11, V. E., Cloud, P. E., Jr., and Warren, L. E .. 
The Devonian 0£ central Tei:as: Unh·. Tcxae Pub. 4301 , 
p. 176, 1943 [1945]. 
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Fig. 49. Diagrammatic section across the Amarillo uplift. 

may have undergone uplifting as late as 
early Pennsylvanian. Formations of pre
Cambrian, Upper Cambrian, and Lower 
Ordovician ages have been strongly affected 
by the uplift and erosion. Regional de
pressions after formation of the uplift 
have caused the area to he flooded and 
marine sediments of Devonian, Mississip· 
pian, Pennsylvanian, and Cretaceous ages 
to be deposited around and over the eroded 
top of the uplift, overlapping the eroded 
edges of all older formations. At the top 
of the uplift post-Cretaceous erosion has 
removed all sediments down to pre
Cambrian. No oil or gas has been ob
tained immediately on this uplift. 

The Bend arch is continuous with the 
north flank of the Llano uplift and prob
ably owes its origin to the same forces that 
created the uplift. The arch has never 
been so deeply eroded as the uif!ift and 
therefore has a more nearly complete sec
tion of sediments. The flexure is evident 
in all formations older than Cretaceous to 
as far north as southern Archer and Baylor 
counties. Formations of Cambrian, Ordo
vician, Mississippian, and Pennsylvanian 
ages are known to he present on the arch. 
Permian formations lie along the west 
flank and around the north end. The 
Cretaceous covers part of the southern 

portion of the flexure. The attitude of the 
Pennsylvanian and Permian beds may be 
due to downwarping of areas on either side 
of the uplift rather than to uplift of the 
arch. Small local folds are present 
throughout the length of the area, account
ing for many of the oil and gas traps. 

RED RIVER UPLIFT 

The Red River uplift is a complex 
series of buried peaks and ridges ex
tending across Clay, Cooke, Foard, Mon
tague, Wichita, and Wilbarger coun· 
ties more or less at right angles to 
the axis of the Bend arch. Like the Llano 
region, this area was folded upward and 
deeply eroded prior to, or during, early 
Pennsylvanian time. The resultant topog
raphy was covered by later Pennsylvanian 
and Permian sediments. Rocks of Cam
brian, Ordovician, and Mississippian age 
are found in the subsurface on the flanks 
of the uplift, but these formations are over
lapped in going toward the center of the 
uplift so that rocks of late Pennsylvanian 
age rest on pre-Cambrian on the highest 
peaks. 

The Bend arch and the Red River uplift 
have had an important bearing on the ac
cumulation of oil and gas. Individual 
petroleum deposits are controlled by local 
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folds and stratigraphic traps, and both the 
arch and the uplift are marked by a dis· 
tinct trend of petroleum-producing struc
tures along their axes. Oil and gas 
deposits in structures associated with the 
Bend arch and Red River uplift have been 
found in the following counties: Archer, 
Baylor, Brown, Callahan, Clay, Coleman, 
Cooke, Eastland, Erath, Fisher, Foard, 
Jack, Jones, McCulloch, Montague, Palo 
Pinto, Runnels, Shackelford, Stephens, 
Taylor, Throckmorton, Wichita, Wil
barger, and Young. 

In the region influenced by these struc
tural features oil and gas are found in 
the Cisco, Canyon, Strawn, and Bend 
formations of the Pennsylvanian; in the 
Chappel (Mississippian) formation; and 
in the Ellenburger (Ordovician) fonna· 
tion. In the Red River region production 
is also obtained from the Simpson (Ordo
vician) . 

The production in the Pennsylvanian is 
typically from sand lenses and traps on 
structure. Production from the Mississip
pian is from porous zones in the Chappel 
limestone, usually associated with a 
bioherm-like development of the limestone 
on the top of old topographic elevations 
in the underlying Ellenburger formation. 
Production from the Ordovician is from 
porous zones in the top of the Ellenburger 
limestone, usually associated with an un
conformity. 

Lying just at the intersection of the 
north-south trending structures of the 
Bend arch and the east-west trending 
structures of the Red River up lift is the 
most prolific oil field developed to date 
in the north Texas area. It is the K. M. A. 
field of southwestern Wichita County and 
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northwestern Archer County. The large 
anticlinal structure involves in its folding 
beds as young as Strawn. Its presence 
probably influenced deposition during 
Canyon and Cisco time. Many small areas 
producing from shallow sands of Cisco 
age have been found on the structure, but 
the major source of oil is the Strawn sand 
occurring at a depth of 3690 to 3870 feet. 
This pay is productive over an area of 
30,000 acres. Over 1600 wells have been 
drilled from which over 50,000,000 barrels 
of oil have been produced. 

At a depth of 4370 to 4425 feet still 
another productive horizon is found in 
the K. M. A. field, this from the Ellen
burger formation. Production from the 
Ellenburger covers an area of 6000 acres.2 

Prospecting for deeper production in 
present producing areas is being actively 
pursued. Oil has been found in all forma· 
tions younger than Cambrian, and condi
tions are favorable for finding oil at 
greater depths down the flanks of the Bend 
arch and Red River uplift. All the sedi
mentary section younger than pre-Cam· 
brian is within practical reach of the drill 
throughout the area. The deepest pro· 
duction to date is in the Hildreth field of 
Montague County, which produces from 
the Simpson formation at 7200 feet. 

Figure 50 shows a south-north diagram
matic section from Llano uplift to Red 
River uplift, indicating the principal 
structural conditions, while figure 51 
shows a diagrammatic section across the 
Bend arch. 

IJ.'or information on the K.M.A. field, see Subdivisions 
of tl·e Ellenburger limestone in the southwestern part of 
the K.M.A. oil field, north-central Texas: Univ. Texas Pub. 
4301, pp. 191-195, 1943 [1946]. 

Fig. 50. Diagrammatic section across Llano uplift to Red River uplift. 



Texas Mineral Resources 185 

=i--i..= 

p E Rfil -'N :=:= I E 

CISCO 
· ... :· · .. -· .•'X't:J . . . ·~~ 

CAMBRIAN 

LEGEND 
~OIL ~ GAS 

Fig. 51. Diagrammatic section across the Bend arch. 

EAST TEXAS BASIN 

LULING-MEXIA-TALCO FAULT SYSTEM 

Two great zones of normal faulting pass 
hear the inner margin of the Gulf Coastal 
Plain of Texas. One of these, known as 
the Balcones fault zone, strongly developed 
from Kinney and Uvalde counties to 
McLennan County, lies essentially at the 
Coastal Plain margin. In most of the 
faulting of this zone the downthrow is to 
the east. The dip of the formations being 
also to the east, no large oil traps are 
known to result from the faulting in this 
zone, and there is at present no oil pro
duction immediately in the zone. 

Farther down dip, east of the Balcones 
zone, is the second zone of faulting in 
which the downthrow prevailingly is to 
the west and north. This being contrary 
to the dip of the formations, oi1 traps are 
formed and important oil fields have been 
located in this zone. This line of faulting 
extends from Bowie County, in extreme 
northeast Texas, westward to near Green
ville in Hunt County, thence south-south
westward for a distance of 250 miles to 
Caldwell County, then swings westward to 
pass through the San Antonio area, west 
of which it dies out. That part of the fault 
zone in Limestone, Navarro, and adjoining 
counties has come to be known as the 

Mexia fault system, and that part passing 
through Caldwell and adjoining counties 
is known as the Luling fault system, these 
names being derived from the Mexia oil 
field of Limestone County and the Luling 
oil field of Caldwell County. The entire 
zone of faulting is here referred to as the 
Luling-Mexia-Talco system of faulting. 
The name Talco is taken from the Talco 
field of Franklin and Titus counties. 

Oil and gas have accumulated under 
certain favorable conditions at places on 
the upthrown side of the faults in the 
Mexia-Luling-Talco system, production 
having been found in the following coun
ties: Bastrop, Bexar, Burleson, Caldwell, 
Falls, Freestone, Guadalupe, Hopkins, 
Hunt, Limestone, Medina, Milam, Navarro, 
and Titus. In addition to this zone of 
faulting, oil has accumulated in structures 
associated with igneous plugs in Bastrop, 
Caldwell, eastern Travis, and Williamson 
counties. 

Sediments of Jurassic age are known to 
be present underlying the Cretaceous 
along the Mexia fault zone as far south 
as western Robertson County. Oil pro
duction has been obtained from the Juras
sic in Bowie County. The Cretaceous 
contains various reservoirs in the fault 
zones, petroleum deposits having been 
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found in the following formations: 
Navarro, Taylor, Austin, Woodbine, Buda, 
Edwards, Paluxy, Walnut, and Glen Rose. 
The Woodbine sand is the principal source 
of oil in the Mexia region, and the Edwards 
limestone furnishes the most prolific pro
duction in the Luling region. 

The Powell field in Navarro County is 
the largest reserve developed in the Mexia 
region. The field covers an area of 3000 
acres in which 987 wells have been drilled, 
approximately 150 of which are still pro
ducing. Over 115,800,000 barrels of oil 
have been produced from the Woodbine 
sand at an average depth of 3000 feet. 
Other important fields along the same 
trend are Corsicana in Navarro County, 
Mexia in Limestone County, and Wortham 
in Freestone County. 

The Luling field of Caldwell and 
Guadalupe counties is the most important 
field developed in the southerly portion 
of the fault zone. Producing chiefly from 
the Edwards limestone at a depth of 2150 
feet, the field has a cumulative production 
of over 76,600,000 barrds of oil. It is 
2200 acres in size and has had 761 wells 
drilled, with over 500 still producing. 

The presence of marine Jurassic sedi
ments offers good possibilities of deeper 
production being found along the Mexia
Luling-Talco fault zones. The Jurassic is 
known to be at least 1500 feet thick in 
western Robertson County. Sands in the 
section should constitute possible reservoir 
rocks when associated with proper struc
tural conditions for the accumulation of 
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oil and gas. The formations of Jurassic 
age along the fault zone are within reach 
of the drill and are known to extend to 
depths in excess of 10,000 feet. 

Figure 52 shows a diagrammatic west
east section from the Balcones fault zone 
to the Sabine uplift of east Texas. 

TYLER BASIN-SA.81NE UPLIFT 

The major structural features of the east 
Texas area exclusive of fault zones are the 
Sabine uplift and the Tyler basin. 

The Sabine uplift is a large irregularly 
domal structure, affecting geological for
mations of eastern Texas and northwestern 
Louisiana. This dome centers in Louisi
ana, its western margin extending into 
Texas and influencing structural conditions 
from northern Marion County to southern 
Shelby County, a distance of about 80 
miles. The highest part of the uplift in 
Texas centers in Panola County, and at 
this latitude the structure affects the 
formations as far west as northeastern 
Cherokee County and southeastern Smith 
County, a distance of about 60 miles from 
the eastern border of Texas. The forma
tions are known to be faulted at the north
ern and southern borders of the uplift. 

The term "Tyler basin" is applied to 
the area immediately west of the Sabine 
uplift, where the general dip of the under
ground formations forms a large trough, 
approximately 120 miles long by 50 miles 
wide. The long axis of the trough extends 
from Leon County north-northeast to Cass 
County, the lowest known point being in 
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Fig. 52. Diagrammatic section across northeast Texas.• 

$While this paper was going through the press. a description of pre-Trinity beds of Cretaceous age was publiahed by 
Imlay, R. W., Sultsurface L~r Cretaceous formations of south Texas: '.Bull. Amer. Assoc, Petr. Geol,. vol. 29, 'P· 1416, 
1945. 
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south-central Wood County.. The out
standing structural characteristic of the 
Tyler basin is the scattered occurrence of 
local domes and folds, which disturb the 
normal dip of the beds. Many of the folds 
are proven salt domes, while others are 
probably due to deep-seated domes. Local 
faulting is associated with most of the 
folds. 

The formations penetrated by the drill 
in the east Texas area, from oldest to 
youngest, are Jurassic, Cretaceous, and 
Eocene. To the present date, production 
is limited to formations of Cretaceous age, 
although excellent production is obtained 
from the Jurassic in southwestern Arkan
sas and northern Louisiana. Oil and 
gas are being produced, or have been pro
duced, in this region from the following 
Cretaceous formations : Nacatoch sand of 
the Navarro formation, Wolfe City sand 
of the Taylor formation, Blossom sand of 
the Austin formation, Woodbine sand, 
Buda limestone, Georgetown limestone, 
Paluxy sand, Glen Rose limestone, and 
Travis Peak sand. 

The oil and gas deposits occur in struc
tural and stratigraphic traps on the scat
tered folds and domes in the basin and on 
the Sabine uplift. By far the most pro
lific reservoir is the Woodbine sand, which 
underlies an extensive region in northeast 
Texas including the Tyler basin and 
wedges out against the west side of the 
Sabine uplift. The wedged edge of the 
Woodbine provides the trap for the oil in 
the huge East Texas field, one of the 
world's greatest oil deposits, which under
lies parts of Cherokee, Gregg, Rusk, Smith, 
and Upshur counties. Other counties of 
the area in which oil and gas are found 
in important amounts are: Anderson, 
Cass, Franklin, Freestone, Harrison, Hen
derson, Hopkins, Houston, Leon, Lime
stone, Marion, Navarro, Panola, Shelby, 
Wood, and Van Zandt. 

The East Texas field by far eclipses any 
other known single oil deposit in America. 
In size the field covers approximately 
130,000 acres. About 27,000 wells have 
been drilled, over 26,000 being in produc
tion at one time. Over 2,000,000,000 
barrels of oil have been produced. This 
great accumulation of oil is found in the 
Woodbine sand at an average depth of 
3600 feet, where that formation lenses . out 

on the west side of the Sabine uplift. 
Following the edge of the sand body, the 
field extends 45 miles in a north-south 
direction and is 9 miles wide at its great
est width, with an average width of 4.5 
miles. 

Many hundreds of feet of marine sedi
ments of Jurassic age underlie the Cre
taceous formations of the Tyler basin
Sabine uplift region. Excellent oil de
posits are found in the Jurassic of Ar
kansas, and the same formations should 
have good possibilities as oil reservoirs 
in eastern Texas. Exploration of these 
sediments is being done by deeper drilling 
on present producing structures and by 
searching for more deeply buried struc
tures. All Jurassic formations should be 
within reach of the drill, except perhaps 
in the deepest part of the Tyler basin. 

HOUSTON SALT DOME REGION 

The City of Houston in Harris County 
is located near the center of a region of 
the Coastal Plain of Texas that is charac
terized structurally by the presence of 
many salt domes and other structures re
lated to salt movement in the subsurface. 
The salt domes are due to large plugs of 
salt that have been forced up through 
overlying strata from subterranean salt 
beds, causing folding and faulting of the 
surrounding formations. Other large 
structures often covering an area several 
miles in diameter are thought to be due 
to deeply buried salt masses. Structurally 
the salt dome region is a part of the Gulf 
of Mexico geosyncline. Regionally the 
formations dip and thicken toward the 
present coast line. The formations known 
to contain oil and gas deposits are all 
Cenozoic in age. Small blocks of Cre
taceous rocks which underlie the Cenozoic 
are encountered in some of the salt domes, 
having been carried upward by the salt 
mass. 

The Gulf of Mexico geosyncline has re
ceived more or less continuous sedimenta
tion since possibly pre-Jurassic time. 
Thus the Cenozoic sediments of the salt 
dome region are underlain by thick 
Mesozoic formations. Thick beds of salt 
are present in the Jurassic beds up dip 
from the salt dome region. It is reason
able to expect the salt to be present in the 
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coastal region also; hence the Jurassic 
may be the source of the salt in the domes. 
Under stresses set up by the weight of the 
overburden and by continued downwarping 
of the geosyncline, the salt has pushed up· 
ward, forming structures ranging from 
large masses to comparatively slender 
plugs, piercing or doming the overlying 
sediments. The domes formed progres
sively through the Cenozoic. Salt domes 
are also present in the Tyler basin and the 
Rio Grande emhayment regions. 

The Cenozoic sediments of the Houston 
salt dome region are almost entirely 
elastic in nature, alternating from shales 
to sands. The major portion of the sedi
ments are marine in origin, which is 
thought to enhance their value as a source 
of oil and gas. The salt dome structures 
afford excellent opportunities for the oc
currence of oil and gas reservoirs. Sands 
in the formation pierced by the salt are 
pushed or dragged upward, forming traps 
around the flanks of the dome. Sands in 
the uplifted hut unpierced formations 
above the salt masses form typical domal 
traps. A cap rock which has formed 
direct! y on top of the salt, consisting 
mostly of anhydrite, may also act as a 
petroleum reservoir. The salt dome struc
tures may he complicated by faulting hut 
the reservoir traps associated with them are 
essentially flank sands, cap rocks, and 
domal sands. 

The formations in which oil and gas 
have been found in the salt dome region 
are: Wilcox, Claiborne, and Jackson 
(Eocene); Vicksburg, Frio, and Catahoula 
(Oligocene) ; Oakville (Miocene), and un
named Miocene and Pliocene sands. 

The largest oil field discovered to date 
in the salt dome region is the Conroe field 
of Montgomery County. The structure of 
the field is a dome believed to result from 
a deep-seated salt mass. Production in the 
Conroe field is from Yegua sands in the 
upper part of the Claiborne group of 
formations. The pay sands are found at 
depths ranging from 4930 to 5175 feet. 
The field covers 18,000 acres and has had 
1124 producing wells drilled. Over 140,-
000,000 barrels of oil have been produced. 

Other important fields of the salt dome 
region are: Raccoon Bend, Austin County; 
Hastings and Old Ocean, Brazoria County; 
Anahuac, Chambers County; Sheridan, 

Colorado County; Dickinson-Gillock, 
Galveston County; Bammel (gas and dis
tillate), Fairbanks, Friendswood, and 
Tomball, Harris County; Ganado, Lolita, 
Maurhro, Texana, and West Ranch, Jack
son County; Lovell's Lake, Jefferson 
County; Esperson and Hardin, Liberty 
County; Lake Creek (gas and distillate), 
Montgomery County; Joe's Lake, Tyler 
County; Katy (gas and distillate), Waller 
County; Louise and Magnet-Withers, 
Wharton County. 

Approximately 200 producing areas 
have been discovered in the Houston salt 
dome region. In addition to the counties 
mentioned above, oil has been found in 
the following counties: Angelina, Cal
houn, Fort Bend, Hardin, Houston, 
Matagorda, Nacogdoches, Newton, Orange, 
Polk, Victoria, and Washington. 

Exploration for new discoveries of 
petroleum deposits in the salt dome region 
is characterized by a search for deeper 
and deeper production. Reservoirs are 
looked for deeper on the flanks of known 
domes, and more deeply buried domes are 
sought. Deepest production to date is gas 
and distillate from 11,800 feet in the Lake 
Creek field of Montgomery County. The 
deepest well in the region was drilled to 
a depth of 16,650 feet on the Millican 
structure in southern Brazos County. Due 
to the great thickness of sediments in the 
region the physical limits either for drill
ing or for the occurrence of oil and gas 
are the controlling factors for the maxi
mum depth at which production may be 
expected. 

Figure 53 shows a diagrammatic dip 
section in the Houston salt dome region. 

RIO GRANDE EMBA YMENT 

The Rio Grande embayment is the struc
tural term used to describe an area south 
and southeast of San Antonio including a 
part of northeastern Mexico. Structurally 
the emhayment is a deep syncline. 
Boundaries of the emhayment are not 
marked by any well-defined structural 
features, hut the northeastern limits are 
near Refugio County on the coast, with 
the boundary swinging in a northwestward 
arc to Maverick County on the Rio Grande, 
thence southeastward through Mexico to 
the Gulf. 
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Fig. 53. Diagrammatic section in the Houston salt dome region. 

The embayment is the site of a very 
deep post-Paleozoic sedimentary basin and 
is estimated to contain near 20,000 feet 
of Cretaceous and Eocene sediments, and 
may contain Jurassic deposits. The Cre
taceous sediments so far as known are 
limestones, marls, and shales, and the 
Eocene sediments are almost wholly 
elastics, alternating from sands to shales 
with changing sedimentary conditions. 
Apparently the Eocene sea underwent 
many fluctuations in comparative level, 
establishing coast line conditions at various 
horizons around the sides of the embay
ment. This gave opportunity for the dep
osition of strand line sands at many sites. 
Some of those strand line sands, when 
covered by impervious shales in an ad
vancing sea, became excellent reservoirs 
for gas and oil. 

Local deformation, during and subse
quent to Eocene deposition, has resulted 
in folding and faulting of the strata. 
Several structures in Duval and Brooks 
counties are caused by salt domes, and 
probably other folds in the embayment 
are due to deep-seated, unproven salt 
masses. Where conditions are favorable 
to the accumulations of oil and gas, 
petroleum deposits are associated with 
these structural features. Thus there are 
two types of reservoir traps in the Rio 
Grande embayment: the strand line sands 
which may become the site of oil accumu
lation due to their position on a mono
clinal side of the embayment, and the 
sands on the tops and sides of defor
mational structure&. A combination of 

structure and strand line trap is often 
developed. The strand line type is well 
developed in a north-south trend through 
Zapata., Jim Hogg, Webb, and Duval 
counties, with the structural type more 
common in the area to the east of those 
counties. 

An outstanding example of production 
from strand line sands is the Government 
Wells field of northwestern Duval County. 
Production from this field is from various 
sands in the Jackson formation of upper 
Eocene age. Local folding and faulting 
are present, but production is controlled 
by the westward pinching out of the 
reservoir sands. The sands are found at 
depths of 1500 to 2300 feet. The field 
contains 7500 acres and has over 600 pro
ducing wells. Over 50,000,000 barrels of 
oil have been produced in the sixteen
year life of the field. 

Other examples of fields producing from 
strand line sands are the Mirando City and 
Aviator fields of Webb County ; Escobas 
and Charco Redondo fields of Zapata 
County; Randado and Henne-Winch-Ferris 
fields of Jim Hogg County. 

The Saxet field of northern Nueces 
County is an example of production from 
sands on a deformational structure. The 
structure is a large, faulted, dome-like 
fold that may or may not be due to a 
deeply buried salt mass. Production 
comes from sands in the Frio and Cata
houla formations of Oligocene age and 
from the Oakville sand of Miocene age. 
Pay zones are found at depths ranging 
from 3150 to 10,200 feet, which is the 
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deepest production found so far in the 
Rio Grande embayment. Over 700 pro
ducing wells have been drilled in an 
area of more than 13,000 acres. Over 
40,000,000 barrels of oil have been pro
duced. 

Petroleum production in the Rio 
Grande embayment is found in the follow
ing counties: Frio, La Salle, Dimmit, 
Duval, McMullen, Live Oak, Bee, Wilson, 
Karnes, Goliad, DeWitt, Refugio, San 
Patricio, Aransas, Nueces, Jim Hogg, Jim 
Wells, Kleberg, Brooks, Starr, Hidalgo, 
Webb, Willacy, and Zapata. 

With the exception of a few fields near 
the up-dip limits of the embayment, all 
production is from Eocene or Miocene 
formations. Fields in Dimmit, Frio, and 
Wilson counties produce from the Navarro 
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formation of Cretaceous age. Other pro
ducing formations are: Wilcox, Claiborne, 
and Jackson (Eocene) ; Vicksburg, Frio, 
and Catahoula (Oligocene); and Oakville 
(Miocene). 

Due to the great thickness of sediments 
in the Rio Grande embayment, the possi
bility of finding deeper production in 
the region apparently is limited only by 
the depth to which it is mechanically 
possible to drill a hole, or by the depth 
at which it is physically possible for 
petroleum deposits to exist. The deepest 
well drilled in the region to date is located 
in Nueces County and went to a depth of 
13,728 feet. The deepest producing field 
in the world, located in Louisiana, pro
duces from a depth of 13,500 feet. 

Figure 54 shows a diagrammatic dip 
section in the Rio Grande embayment. 

Fig. 54. Diagrammatic section of the Rio Grande embayment. 



SUBDIVISIONS OF THE ELLENBURGER LIMESTONE IN THE SOUTH
WESTERN PART OF THE K. M.A. OIL FIELD, NORTH-CENTRAL TEXAS' 

A. J. CROWLEY2 

INTRODUCTION 

The K. M. A. oil field lies mostly in 
southwestern Wichita County, Texas; its 
southern part extends into northern 
Archer County and its western part ex
tends into eastern Wilbarger County. Its 
unusual name is derived from the first 
letter of the surnames of three partners, 
Messrs. Kemp, Munger, and Allen, who 
were instrumental in developing an ir
rigation project in the vicinity. 

Although oil had been produced in the 
area for many years no marked activity 
took place until 1938, and the first pro· 
ducing oil well in the Ellenburger lime· 
stone• was completed in April, 1940. This 
well, then known as the Fain-McGaha Oil 
Corporation Griffin "B" Ellenburger No. 
1 (see Pl. XI) , flowed at the rate of 179 
barrels of oil in three hours from a depth 
of 4352 to 4.386 feet from beds lying from 
37 to 71 feet below the top of the Ellen· 
burger limestone.4 By the end of 1941 a 
total of 116 wells had been drilled to the 
Ellenburge;r limestone. Of these, 104· 
wells flowed, 9 wells were pumped, and 3 
wells were dry holes. 5 Since 1941 only a 
relatively few wells have been drilled to 
the Ellenburger, although some drilling 
has been almost constantly in progress. 

The beds of the Ellenburger limestone 
that have been penetrated in wells in this 
field are presumably of Lower Ordovician 
age. A study of the subdivisions of the 
Ellenhurger in the closely drilled area has 
been made for the purpose of determining 
the stratigraphic position of the oil-hear· 
ing beds. The study was undertaken as 
part of a cooperative investigation of the 
Ellenburger now under way by the Bureau 
of Economic Geology of The University 

lPrepared under coOperative arrangement between the 
Bureau of Economic Geology of The University of Texas 
and the Geological Survey, U.S. Department of the In · 
terior. Published with the permi11ion of the Director, 
Geological Survey, U.S. Department of the Interior. 

'Ceologiet, Geological Suney, U.S. Department of the 
IDterior. 

•North Texas Geol. Society , New developments in north 
and west-central Tei:as, 1940: Boll, Amer. Assoc. Pe tr. 
Ceol., vol. 25, pp. 1066-1067, 1941. 

'Idem. 
6Nort h Te:a:ae Geol. Society, New developments in north 

and west -central Texas, 1941: Bull. Amer. Aeaoc. Petr. 
Ceol. , vol. 26, p. 1047, 1942. 

of Texas and the Geological Survey of the 
United States Department of the Interior.• 

The present investigation has been pre
ceded by the establishing of units in the 
Lower Ordovician and Upper Cambrian 
rocks over a large area in north-central 
Texas, by means of a microscopic exam· 
ination of drill cuttings and siliceous 
residues.7 The work on the project was 
carried on between August 1944 and Jan· 
uary 1945 at Fort Worth and Austin, 
Texas. The siliceous residues were pre
pared at Austin by William J. Bruce, under 
the direction of Leo Hendricks of the 
Bureau of Economic Geology. 
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PREPARATION OF SILICEOUS RESIDUES 

The laboratory method of preparation 
of siliceous residues devised by McQueen8 

was followed largely in this investigation. 
Samples of well cuttings varying from 1 
to 10 grams, depending upon the amount 
available, were immersed in 10 to 12 per 
cent hydrochloric acid at room tempera
ture until all carbonate had been dissolved. 
For a few samples the acid was warmed 
slightly to accelerate the rate of solution. 

6A progress report, issued on the coOperative work, is 
contained in this publ ication . See Cloud, P. E., Jr. , 
Barnes, V. E., and Bridge, Joaiah, Stratigraphy of the 
Ellenburger group in central Texas-A progress report: 
Un iv . Texas Pub. 4301 , pp . 133-161, 1943 [1945]. 

7Crowley, A. J., and Hendricks, Leo, Lower Ordovician 
and Upper Cambrian subsurface subdivision in north-central 
Texas : Bull. Amer. Assoc. Petr. Geol., vol. 30, pp. -U3-
425, 1945. 

8McQueen, H. S. , Insoluble residues as a guide in strati· 
graphic studies: Missouri Bur. Geology and Mines, 56th 
Bien. Rept., Appendix I, pp. 5-8, 1931. 
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Ordinary glass beakers were used as con
tainers. After the carbonate was dis
solved the residues were washed with 
water, dried, stored in properly labeled 
glass vials, and examined with the aid 
of a microscope. These residues are 
available to the public in a permanent file 
at The University of Texas Bureau of 
Economic Geology at Austin. 

DEFINITION OF TERMS 

The terms used herein are substantially 
identical with those used by Crowley and 
Hendricks• in their regional investigation 
of the dolomites of Lower Ordovician and 
Upper Cambrian age. 

Smooth-textured chert refers to chert that has 
a conchoidal fracture with a smooth vitreous 
surface, exhibiting little or no pebbled effect 
on the surface of the fractures. 

Granular-textured chert refers to chert whose 
fracture surface exhibits a pebbled or granular 
to subgranular grain. It may appear sugary. 

"CrystalliM' chert refers to chert having a 
drusy surface or refers to clear secondary quartz. 

Devitrified chert refers to chert that has the 
appearance of having been exposed to the weather 
for a long time. 

Chalk-textured chert refers to siliceous residues 
that resemble chalk or tripolite. Most of it is 
almost pure white, soft, and easily broken by 
the pressure of a fingernail. 

Oolitic chert .refers to chert containing oolites, 
either embedded or free. 

Dolomoldic chert refers to chert that appears to 
have been formed around and between individual 
carbonate rhe>mbs. After the carbe>nate has been 
dissolved the impressions or exterior molds C>f 
the rhombs remain. 

Shale refers mainly to green, gray, brown, and 
red waxy shale, in some cases slightly silty and 
dolomoldic. It probably occurs in cavities, in 
stylolites, along bedding planes, and among 
d<>lomite crystals. 

Sand refers to single grains or aggregates of 
fine to medium, round to subround, commonly 
fr<>Sted or pitted quartz grains. 

Dolomite refers to calcareous rocks that 
effervesce retardedly in cold dilute hydrochloric 
acid. 

SUBSURFACE STRATIGRAPHY 

The southwestern part of the K. M. A. 
oil field is underlain by the Ellenburger 
limestone at depths ranging from 3100 to 
3500 feet below sea level. The limestone 
is overlain by from 1 to 50 or more feet 
of chert rubble, believed to be detrital, 

'Crowley. A. J .• and Hendrick., Leo, op. cil., pp. '15-417. 

which contains material derived from 
Ordovician, Mississippian, and early 
Pennsylvanian rocks. This rubble is over
lain by Pennsylvanian shale of Strawn age. 

The total thickness of the Ellenburger 
limestone in the K. M. A. field is unknown, 
for no well has penetrated it completely, 
but as indicated by the regional investiga· 
tion of the Ellenburger10 it may be at least 
2500 feet, and possibly as great as 3500 
feet. 

No fossils were obtained from well cut· 
tings or cores from the Ellenburger lime· 
stone, and the identification of its sub
divisions has thus been based OJ) the lith
ology of the well cuttings, the character 
of the insoluble residues, and the residue 
content of the well cuttings. 

Of the eight subdivisions of the Lower 
Ordovician and Upper Cambrian sub· 
surface rocks recognized by Crowley and 
Hendricks in north-central Texas11 em
bracing the K. M. A. field, only sub-unit 
B-2 and the immediately subjacent sub· 
unit C-1 were recognized in this area. 
These, as well as the other units recognized 
elsewhere in this part of Texas, are de
scribed briefly in the columnar section, 
Plate XI. The youngest subdivisions, unit 
A and sub-unit B-1, in the general section 
of the Ellenburger are not present in the 
K. M. A. field, apparently because of pre· 
Pennsylvanian erosion. No wells in the 
field have been drilled deep enough to 
encounter the units lying below sub-unit 
C-1. 

The rocks of sub-unit B-2 are composed 
predominantly of dolomite, though some 
limestone is present in the cuttings from a 
few wells. The residues consist of smooth
textured chert, varying amounts of gran· 
ular-textured chert, waxy shale, and minor 
amounts of sand and silt. Sub-unit C-1 is 
also predominantly dolomite, and its 
siliceous residues are composed largely of 
crystalline and granular-textured chert, 
with varying amounts of green waxy shale. 
In some wells, notably in those on the 
Shell & Phillips N. C. Griffin lease (see 
Pl. XI), the residues from this sub-unit are 
very IK'.anty. A. little dolomoldic green 
shale is essentially the only residue. 
Enough chert, however, was found in all 
wells to make identification of the sub· 
~Crowley, A. J., and Hendrick1, Leo, op. cit., Pl. S. 

Idem, p. 421. 
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unit possible. The cherts of both sub· 
units are devitrified to a greater or les$er 
degree, depending upon the depth of 
weathering previous to the deposition of 
the Pennsylvanian shales. All the cherts 
are dolomoldic or oolitic in some places. 

The subsurface distribution of sub·units 
B·2 and C·l in the mapped area in the 
K. M. A. field is shown on Plate XI. Sub
unit B-2 forms the top of the Ellenburger 
limestone throughout the area, except in 
tliree tracts where sub-unit C-1 lies at the 
top, namely, a large tract in the south
western part of the mapped area and two 
additional small tracts, each containing 
one well, one east of the large tract and 
the other in the northwestern part of the 
area. Doubtless sub-unit B-2 was de
posited over the entire area but was eroded 
from the three tracts just mentioned, prior 
to the burial of these rocks in Pennsyl· 
vanian time. The many wells that were 
drilled through sub-unit B-2 indicate that 
its thickness in the field ranges from a 
feather edge to a probable maximum of 
about 300 feet. Many wells that were 
drilled through sub-unit B-2 into sub-unit 
C·l establish the presence of sub-unit C-1 
throughout much of the southwestern part 
of the K. M. A. oil field and indicate that 
it is present throughout the entire area. 
It may reach a thickness of 800 feet. 

STRUCTURE 

As shown by the contour map (Pl. XI) 
drawn on the top of the Ellenburger lime· 
stone, the southwestern part of the K. M. 
A. field lies on a broad asymmetrical anti· 
cline, whose north flank dips much more 
steeply than the south flank. The steep 
dip on the north flank of the depicted 
structure is suggestive of faulting. Pos· 
sibly the north flank is actually a fault 
scarp that has been modified somewhat 
by erosion during pre-Strawn time. The 
axis of the anticline lies near the north 
margin of the area and trends northeast in 
the northwestern part of the area, east in 
the north·central part, and southeast in 
the northeastern part. The contour lines 
represent only in a broad way the attitude 
of the Ellenburger limestone, for the top 
of the limestone represents a pre-Pennsyf. 
vanian erosion surface. They thus depict 
in detail pre-Pennsylvanian topography. 
The irregularities, many of which trend 

southwestward, are believed to represent 
ridges and valleys developed at that time 
on the surface of the Ellenburger lime
stone. 

RELATIONSHIP OF OIL TO STRUCTURE 
AND TO THE AREAL DISTRIBUTION 

OF SUB-UNITS B-2 AND C-1 

Oil in the southwestern part of the K. 
M. A. field occurs in the uppermost porous 
zone in the Ellenburger limestone. In 
most wells the porous zone lies some dis· 
tance below the top of the Ellenburger, 
though in some it may occur at the very 
top. The evidence obtained from exam· 
ination of well cuttings indicates that the 
oil-bearing zone in some places trans· 
gresses the boundary between sub-units 
B·2 and C-1 of the Ellenburger. In some 
wells, samples of well cuttings from the 
chert rubble that lies on the Ellenburger 
show considerable oil stain. Although no 
actual data are available to the writer 
concerning the occurrence of oil in this 
material, the assumption is that at least 
some oil has been yielded by this zone in 
some wells. 

The productivity of the Ellenhurger 
wells varies greatly, reaching an initial 
potential production of more than 3000 
barrels per day. Areas containing wells 
having the following initial potential pro
duction per day are indicated by patterns 
on Plate XI : ( 1) greater than 2000 bar
rels a day, (2) between 1000 and 2000 
barrels a day, and (3) less than 1000 
barrels a day. The most striking facts 
thus revealed about the distribution of the 
oil in the field are ( 1) that all large wells 
and in fact most wells, are on the south 
flank of the anticline, and (2) that the 
few wells along the crest and those on the 
north flank of the anticline are small. The 
local topographic features on the surface 
of the Ellenburger limestone appear to 
have had no influence on the distribution 
of large and small wells. It is strikingly 
apparent that, except for three wells, all 
wells whose initial daily potential yield 
exceeded 2000 barrels are in the part of 
the field where zone c.1 forms the top 
member of the Ellenburger limestone. Of 
the three wells just mentioned, two were 
drilled through zone B-2 into zone C-1, and 
presumably derive their oil from both 
zones. Furthermore, all wells in the area 



194 The University of Texas Publication No. 4301 

where zone C-1 forms the top of the 
Ellenburger had potential daily yields 
greater than 1000 barrels per day, except 
for four wells in a narrow belt in the 
eastern half of the area mapped and in a 
narrow belt nearly encircling the area of 
large wells in the western part of the 
area mapped. Zone B-2 forms the top 
member of the Ellenburger in the eastern 
and much of the western parts of the 
mapped area. Here, however, the initial 
daily potential yield of most wells that 
passed through sub-unit B-2 and reached 
sub-unit C-1 was greater than that of wells 
that stopped in sub-unit B-2. A few wells, 
widely distributed through the north
central part of the area mapped, passed 
through zone B-2 and reached zone C-1. 

These facts suggest that, although the 
accumulation of oil in the Ellenburger 
limestone in the K. M. A. field may be 
controlled regionally by the anticlinal 
structure of the rocks, some factor or 
factors other than structure has localized 
the oil on the south flank of the anticline. 
The controlling factors seem to include 
variable porosity and permeability in the 
Ellenburger beds. The distribution of the 
large and small wells suggests that zone 

C-1 contains greater porosity and permea
bility than zone B-2, and that the porosity 
in zone C-1 is greater in the area where 
this zone forms the top of the Ellenburger 
than in the area where it lies below zone 
B-2. That the porosity and permeability 
in sub-unit B-2, and particularly in sub
unit C-1, are distributed very irregularly 
seems to be indicated by (1) the small 
daily potential yield of several wells that 
passed through sub-unit B-2 and en
countered sub-unit C-1 in the north-central 
part of the mapped area, and (2) the 
great range in size of offset wells through
out the mapped area. No facts were re
vealed that contravene the hypotheses (1) 
that the oil accumulated in zones B-2 and 
C-1 simultaneously and (2) that it ac
cumulated in greater quantities in areas 
where the rocks have relatively large 
porosity and permeability. 

CHARACTER OF OIL 

The following is an analysis of oil from 
zones B-2 and C-1 made at Bartlesville, 
Oklahoma, by the Bureau of Mines:12 

12Lane, E. C., Analyses of crude oila from some 6elda 
of Texas : U.S. Bur. Mines, Rept. Inv. No. 3699. p. 32, 
April, 1943. 

Sample 40011 
K.M.A. field, Ellenburger limestone, discovery well, depth 4372 to 4389 feet. 

Sampled June 18, 1940. 

General Characteristics 

Specific gravity, 0.813 A.P.I. gravity, 42.6° 
Sulfur, per cent, 0.17 Color, greenish black 
Saybolt Universal viscosity at 100° F., 35 sec. 

Distillation, Bureau of Mines Hempel Method 
Distillation at atmospheric pressure, 747 mm. First drop, 29° C. (84° F.) . 

S.U. Cloud 
viec. test, 

100° F. ° F. 

Sum, 
Fraction Cut at Pe• pe• Sp. Gr., A.P.I., 

No. • c. • F . cent cent 60/60° F. 60° F. C.I. 
I 50 122 3.7 3.7 0.636 91.0 
2 75 167 4.2 7.9 .670 79.7 7.5 
3 100 212 6.6 14.5 .714 66.7 18 
4 125 257 8.4 22.9 .739 60.0 21 
5 150 302 6.1 29.0 .759 54.9 23 
6 175 347 6.0 35.0 .777 50.6 25 
7 200 392 5.7 00.7 .792 47.2 26 
8 225 437 5.2 45.9 .809 43.4 28 
9 250 482 5.5 Sl.4 .822 00.6 29 

IO 275 527 6.4 57.8 .835 38.0 31 
Distillation continued at 00 mm. 

11 200 392 3.7 61.5 0.852 34.6 35 
12 225 437 6.3 67.8 .860 33.0 35 
13 250 482 4.3 72.1 .874 30.4. 38 
14 275 527 4.9 77.0 .886 28.2 40 
15 300 572 3.7 80.7 .896 26.4 42 

41 5 
47 30 
63 50 

105 65 
195 80 

Residuum 16.3 97.0 0.943 l&.6 

Carbon residue of residuum, 5.8 per cent; carbon residue pf crude, 0.9 per cent. 
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Approximate summary 

Light gasoline ------------------------------------------·--·------Total gasoline and naphtha ______ __ _____ _____________ _ 

Kerosene distillate -----·· ···-····----------- -----------
Gas oil --------- ----------------·-------·--- - ---------- -
N onviscous lubricating distillate _________ ___ _________ _ 
Medium lubricating distillate ....... -----------------
Viscous lubricating distillate _____________________ _ 

Residuum ·------------------------------------------------- -
Distillation loss ---·······--------·------------------

p., 
cent 

14.5 
40.7 
10.7 
14.3 
8.3 
5.1 
1.6 

16.3 
3.0 

Sp. Gr. 

0.681 
0.734 

.816 

.847 
.863-.884 
.884-.897 
.897-.900 

.943 

A.P.I. 

76.3 
61.3 
41.9 
35.6 

35.2-28.6 
28.6-26.3 
26.3-25.7 

18.6 

195 

Viscosity 

5(}-100 
100-200 

Above 200 





REVIEW OF COAL PRODUCTION IN TEXAS 

H. B. STENZEL 

Coals were among the first of the 
many mineral resources of Texas to at· 
tract the attention of the early settler. In 
1819 they were already exploited, although 
obviously on a small scale only. L. F. 
L'Heritier shows on the map accompany· 
ing his report "Le Champ-D'Asile, tableau 
topographique et historique du Texas, 
etc.'', published in Paris, France, 1819 
(second edition), a "mine de charbon de 
terre" [coal mine]. The location of that 
old mine is about 25 leagues east of 
Trinity River and about 27 leagues west
northwest of the presidio of Chichi on the 
branches of Sabine River in east Texas. 
This means that in 1819 the east Texas 
brown coals were known and exploited. 

Coals are formed by geologic processes 
out of the remains of plants. Thus the 
nature and composition of a coal is de
pendent on the composition of the original 
raw material, that is, the plant remains, 
and the duration and character of the 
geologic processes which shaped the plant 
remains into those sedimentary rock bodies 
that are called coal seams. 

Using the duration and intensity of the 
geologic processes as a guiding line, one 
can classify the coals into a continuous 
series which begins with coals that were 
affected by geologic processes of short 
duration and low intensity only and ends 
with those that were affected for a long 
time and with high intensity. That series 
is roughly represented by the following 
classes of coal: 

Peat--> Lignite (or Brown 
Coal)--> Bituminous Coal--> 

Anthracite--> Graphite 

Among these the peat is least affected 
by geologic processes. In it the plant 
remains can be separated readily into 
individual strands and identified as to their 
botanical nature. Peat is also of very low 
specific gravity and has high primary 
porosity. On the other end of the series 
the graphite is a material so thoroughly 
altered that it does not contain any botan
ical structures; it is rather a mineralogical 
material composed of crystals of carbon 

and its organic origin can be surmised only 
from data other than botanical structures. 

Lignite is near the beginning of this 
series of the classes of coal. It contains 
more or less clearly separable pieces of 
botanical material identifiable as lignitized 
roots, leaves, twigs, and tree trunks; but 
besides this material there is a considerable 
amount of earthy to dense, more or less 
friable material that can not be identified 
as a botanical entity by visual inspection 
without the aid of microscopes. The color 
of lignite is usually a very dark brown, 
and the color of the finely divided material, 
such as one obtains on a mineralogical 
streak, plate, is characteristically dark 
chocolate-brown. For that reason it is 
perhaps better to call this kind of coal 
"brown coal," as the word lignite implies 
derivation from wood {ligrwm}-a deriva
tion which is only partially consistent 
with the nature of the plant remains that 
went into the making of lignite. Most 
lignites are soft, friable, or crumbly, have 
low specific gravity, and comparatively 
high primary porosity. They contain 
large quantities of water. Some of the 
mine-fresh lignite from Texas was reported 
with a water content of 46.3 per cent. 
However, this seems to have been an ex
treme case as most of the fresh lignite 
from Texas was found to contain about 
13 to 35 per cent of moisture. 

Bituminous coal is us'rnlly brownish 
black to deep black in color, and the 
mineralogic streak is brownish to grayish 
black. The botanical structure is only 
rarely visible with the naked eye but can 
be detected under the microscope after 
preparation. The bituminous coals have 
considerable luster, on fresh cross-breaks 
approaching glassy or unctuous luster. 
They are also considerably harder than 
lignites and more coherent. Their natural 
porosity is low. 

A special variety of bituminous coal is 
cannel coal, distinguished from bituminous 
coal by its dull waxy luster and lesser 
hardness. It is so rich in volatile con
stituents that pieces of this coal will burn 
with an unusually long and vivid flame 
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like a candle, from which its name is 
derived. 

Coal seams being derived from layers 
of accumulated plant remains are essen· 
tially very specialized kinds of strata. It 
is natural that such layers of accumulated 
plant remains can originate only in very 
special places and environments and only 
during certain special geologic times. 
Although plant remains may have been 
available in the geologic past in many 
different places, they were rarely accumu· 
lated with so little admixture of foreign 
substances as to form coal .seams rather 
than impure carbonaceous sediments of 
little value as a fuel. 

To illustrate this thought it is necessary 
to utilize the concept of geologic cycles. 
It is known that in the geologic past the 
sea has advanced over and retreated from 
the land repeatedly. The procession of 
geologic events from one advance of the 
sea to the next succeeding advance is 
known as a cycle, and the sediments 
deposited successively one upon the other 
at a place during an entire cycle are called 
a cyclothem. Such a series of sediments 
is composed of very different strata. 
There are the deposits of the sea such as 
calcareous shales, the deposits of the 
strand as beach sands, lagoonal deposits 
of carbonaceous shales, and many others. 
Among the multitude of strata of such a 
cyclothem, it is only the deposits of one 
definite stage of the cycle which can con· 
tain coal seams. At that stage the land 
surface must have been low and flat and 
the land must have been sinking slowly 

so that the deposits were being protected 
from erosion and oxidation. At the same 
time no large rivers were bringing in 
quantities of sand or mud to contaminate 
the organic deposits of plant remains. 
Such specialized conditions can have ex· 
isted only rarely. One realizes from a 
study of such sedimentary cycles and their 
sediments that only a small portion of the 
Texas sediments can contain coals. And 
on the other hand such study can lead to 
the discovery of new and as yet undis
covered coal seams. 

COAL DEPOSITS IN TEXAS 

Lignite.- ln Texas, lignites are present 
in the sediments of the Gulf Coastal Plain 
which are of Tertiary age. The lignites 
are widely distributed among the many 
thousand feet of thick sediments. How· 
ever, most of these seams are either so 
thin or short that they have no commercial 
importance. Lignites of commercial im· 
portance are found only in two belts of 
strata. One of these is the Wilcox group 
(see map, fig. 55); much less important 
are those in the Yegua formation. Both 
are part of the Eocene deposits of the Gulf 
Coastal Plain Tertiary. 

The Wilcox group of sediments enters 
the State in the south in Maverick and 
Webb counties and extends in a broad belt 
through the Coastal Plain country to 
Bowie County in the northeast. Another 
outcrop area is the so-called Sabine uplift, 
which centers around Panola and Shelby 
counties. 

FORMATIONS CONTAINING COMMERCIAL BROWN COAi. DEPOSITS IN THE 

GuLF COASTAL PLAIN o~ TExAs 

r ~:i~~~:~-;:::_:::_:::::::::_::::::::::::::::::::::::::::::::::::::_::::::::::::::::::::::::::_::::::_:::::::::::::::::::~::::~:::::=::::::=:~ 

I !Jackson group ...... --------- Yegua formation* 

Cook Mountain formation 
Stone City formation 

Tertiary ................ _ 1 I Sparta sand 
Eocene ................ -~ Claiborne group.____________ Therrill formation 

l 
Weches formation 
Queen City formation 
Reklaw formation 

W .1 * Carrizo sand l 1 cox group 
Paleocene ...................................................................................................... .......................... . 

•Indicates occurrence of commercinl brown coal or lignite deposits. 
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The following counties are crossed by 
the belt of Wilcox outcrops and some have 
been or are producers of brown coal: 

Anderson 
Atascosa 
Bastrop 
Bexar 
Bowie 
Caldwell 
Camp 
Cass 
Cherokee 
Dimmit 
Falls 
Franklin 
Freestone 
Gonzales 
Gregg 
Guadalupe 
Harrison 
Henderson 
Hopkins 
Lee 
Leon 
Limestone 

Marion 
Maverick 
Medina 
Milam 
Morris 
Nacogdoches 
Navarro 
Panola 
Rains 
Robertson 
Rusk 
Sabine 
Shelby 
Smith 
Titus 
Uvalde 
Van Zandt 
Webb 
Williamson 
Wilson 
Wood 
Zavala 

The Yegua formation is similarly dis· 
posed. It enters the State in the south 
in Starr County and extends in a belt less 
wide than the Wilcox outcrop through the 
Gulf Coastal Plain to Sabine County in the 
east. Lignites of the Yegua formation 
were mined by the Houston-Leon County 
Coal Company near Lovelady in Houston 
County. 

Table 1 shows averaged analyses of 
brown coals from the deposits of Texas. 

Bituminous coal.-Bituminous coal is 
found in Texas in strata older than 
Tertiary. In this State it is found in Cre· 
taceous and Pennsylvanian beds. 

Whereas the Upper Cretaceous forma· 
tions are purely marine and devoid of coal 
in nearly all their extensive outcrops in 
Texas, in the Rio Grande region they are in 
part non-marine and contain coal seams. 
Commercial bituminous coal is present in 
the Upper Cretaceous formations in Brew
ster and Presidio counties near San Carlos 

and in Maverick County near the town of 
Eagle Pass. A prospect of bituminous 
coal is reported from the Eagle Mountains 
in Hudspeth County. 

Table 2 shows some selected analyses of 
bituminous coal from the Eagle Pass coal 
field, Maverick County, Texas. 

Table 3 gives some selected analyses of 
bituminous coal from the San Carlos coal 
field. This coal will coke. 

Bituminous coal of Pennsylvanian age 
occurs in north-central Texas. Coal of 
this age has been found in the following 
counties: 

Archer 
Brown 
Coleman 
Eastland 
Erath 
Jack 
McCulloch 

Montague 
Palo Pinto 
Parker 
Stephens 
Wise 
Young 

Of the various coal beds found in these 
counties, the most important are the 
Thurber, Bridgeport, and Chaffin coal. 

The Thurber coal is the base of the 
Mineral Wells formation of the Strawn 
group. It was mined at Thurber, Gordon, 
Strawn, and Rock Creek. Its thickness is 
18 to 28 inches. The thickness in the mine 
at Rock Creek, Parker County, is 22 
inches; at the Strawn mines, in southern 
Palo Pinto County, it is 26 inches; and in 
the Thurber mines, in northern Erath 
County, the average thickness is 28 inches. 
The B.t.u. value of the coal ranges from 
11,800 to 13,750, the fixed carbon per· 
centage ranging from 40.8 to 52 per cent. 
The coal will coke. 

The coal at Bridgeport, Wise County, 
occurs near the top of the Palo Pinto for
mation of the Canyon group. It is found 
from Bridgeport to the outcrop southwest 
of Perrin but does not extend far under· 
ground down the dip. In places limestone 
directly overlies the coal. The Bridgeport 

FoRMATIONS CoNTAININC COMMERCIAL BITUMINOUS CoAL DEPOSITS IN THE 

RIO GRANDE REGION OF TBXAS 

{ 

I {Escondido formation 
Navarro group................ Farias formation 

Upper................... Olmos formation* u-oo•~·-- - l 1:::r: :;::::~::::::_s'.'.".'.""'-~''.~-- -- --- -
Lower ....................... ~~~~~--~~~~--~~-o-~:.:::::::::: ::::::::::::::::::::: :: : ::::::::=:::::::: :: ::::: : ::::::::::=:=:::: 

•Jndicates occurrence of commercial bituminous coal depasits, 
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Table 1. Analyses' of Texas brown coals. 

As Rer. eh·ed Dry Basis I Ultimate 

Vol . and Vol. and 
Moia· Comb. Fixed Comb. Fixed I CS<bon 

Hydro- Nitro· 
tu re Matter Carbon A•h Total Sulphur B.t.u . Matter Carbon A•h Total Sulphur B.t .u. gen Oxygen gen Sulphur Ash 

YEGU A FORM ATIO N 
Houston County (1290, 1293, 1294) 

34.08 36.56 18.58 10.78 100.00 0.56 7,142 
WILCOX GROUP 
Atascosa County (1241}-1242) 

26.55 32.60 32.32 10.71 100.00 1.25 7,983 25.39 58.65 15.97 100.00 1.69 10,365 
Bastrop County (1245- 1246) 

36.33 36.88 21.22 6.50 100.00 0.94 ·------- 50.76 39.54 9.70 100.00 0.90 11,196 
(124S--1248a) 

28.50 28.96 32.18 6.36 100.00 ----- ··- 7,325 45.12 44.17 10.71 100.00 0.80 10,891 
Camp County (1255a) ...., 

20.74 37.26 28.60 13.40 100.00 -------- 8,416 47.01 36.09 16.90 100.00 -------- 10,618 ---- ---- -------- ------- ------- ~ 
Freestone County (1271- 1276) ~ 

26.94 32.44 30.66 9.97 100.00 1.44 7,997 44.41 42.05 13.54 100.00 1.92 10,953 -------- -------- ------- -·---- ---- E::: Henderson County (127S--1280) ;;· 
24.17 34.03 33.32 7.65 100.00 -------- -- ------ 54.70 36.30 9.00 100.00 O.D7 10,600 -------- ........ -------- -------- ------- "' (1282-1282a) .... 

~ 21.60 35.60 28.41 14.40 100.00 1.75 8,066 45.70 37.02 17.66 100.00 2.18 10,385 -------- -------- -------- -------- --------
Hopkins County (1283-1289) ::ti 

25.50 41.51 24.93 11.04 100.00 1.38 7,481 40.82 42.50 16.69 100.00 1.08 10,354 60.13 4.62 20.91 1.93 0.64 12.67 "' "' Leon County (130S--1316) c 
;:: 

28.56 30.54 31.95 9.07 100.12 0.89 7,871 42.72 44.64 12.65 100.00 1.26 11,159 .... -------- -------- -------- -------- -------- ------ " Medina County (1322-1327) "' "' 31.65 34.24 25.12 10.33 100.00 1.69 7,390 ········ -------- -------- 1.07 11,843 
Milam County (132S--1347a) 

28.28 34.49 26.55 8.86 100.00 1.02 8,057 46.05 41.73 12.11 100.00 1.31 10,658 I 60.77 4.33 21.65 2.01 0.91 10.32 
Robertson County (1351-1374) 

23.38 33.23 31.38 12.43 100.00 1.19 8,893 45.34 45.46 9.21 100.00 l.ll ll,270 
Titus County (1384) 

34.50 29.96 29.04 6.50 100.00 1.28 7,403 45.74 44.34 9.92 100.00 1.95 11,298 
Van Zandt County (1388) 

27.20 -------- -------- ---- ---- -- ------ 56.18 37.20 6.62 100.00 0.65 10,540 
Wood County (1394-1409) 

28.84 32.52 29.33 8.16 100.00 0.68 7,631 47.52 40.24 12.24 100.00 1.12 10,425 I 59.64 4.42 22.20 1.55 0.97 11.22 

lAvc rage of various samples anal ysed for each county. These analyses are from publi s1:ed reports. Compare: 
Schoch, E. P., Chemica l nnalyses of Texas rocks and minerals: Univ. Texas Bull. 1814, 1918. 
Phillips, W _ B., and Worrell , S. H., The fuels used in Texas : Un iv. Texas Bull . 307 (Scientific Ser. 35). 1913. 

t-.:> Phillips, '1/ , B., Worrell, S. H., and Phillips, D. McN., The composition of Texas coals and lignite:.., etc .: Univ. Texas Bull. 189 (Scientific Ser. 19), 1911 . 
Phillips, W. B., Coal , lignite , and asphalt rocks: Univ. Texas Bull. 15 (Min. Surv. Ser. 3) , 1902. 0 
Dumble, E. T ., Report on the brown coal and lignite of Texas: Texas Geo1. Survey , 1892. 
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Table 2. Analyses of bituminous coal from the Eagle Pass coal field. 

A1 Received 

Vol . and Vol. and 
Moi1- Comb. Fixed Comb. F ixed 

No. lure Matter Carbon Aob Total Su lphur B.t.u. Matter Carbon 

1,524 8.83 32.68 44.89 13.60 100.00 0.90 10,941 35.84 49.24 
1,525 6.68 30.94 42.94 17.44 100.00 0.90 10,361 33.88 47.02 
1,526 7.98 30.00 40.06 21.96 100.00 0.94 9,681 32.60 43.54 
1,527 11.11 28.53 42.26 18.10 100.00 1.06 9,698 32.10 47.54 
1,528 6.76 27.04 33.66 32.54 100.00 1.79 8,792 29.00 36.10 

Table 3. Analyses of bituminous coal from the San Carlos coal field . 

As Received 

Vol. and Vol. and 
Mois· Comb. Fixed Comb. Fized 

No. ture . Matter Carbon A1b Total Sulphur B..t .u. Matter Carbon 

1,554 4.60 39.20 SO.IO 6.10 100.00 0.62 12,157 41.13 52.47 
1,555 4.90 32.80 43.04 19.26 100.00 0.85 9,663 34.49 45.26 
1,556 2.47 34.84 32.36 30.33 100.00 1.61 8,348 35.72 33.18 

Dry Bui• 

A1b Total 

14.92 100.00 
10.10 100.00 
23.86 100.00 
20.36 100.00 
34.90 100.00 

Dry Ba1ia 

Aob Total 

6.40 100.00 
20.25 100.00 
31.10 100.00 

Sulphur B.t.u. 

0.99 12,001 
1.02 11,455 
1.02 10,520 
1.19 10,910 
1.92 9,429 

Sulphur B.t.u. 

0.64 12,757 
0.88 10,161 
1.65 9,585 
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coal is 18 to 22 inches thick, suh
bituminous with a fixed carbon ratio of 
46 to 47 per cent and a B.t.u. value of 
12,000. The Bridgeport mine was the last 
bituminous coal mine to cease operation 
in the State. 

The Chaffin coal is in the Thrifty for
mation of the Cisco group. It is known 
only to occur at the Chaffin mine, 2 miles 
east of Waldrip, northern McCulloch 
County, where it is 20 inches thick and 
overlain by limestone. The coal was con
sidered to he higher in grade than is 
usually found in this region, but the thin
ness of the bed and its distance from a 
railroad have prevented its being worked 
successfully commercially. There ap
pears to be no analysis available. 

The last production figures available 
are for the year 1943. In that year there 
was only one bituminous mine active in 
Texas. This mine, located in Palo Pinto 
County, produced only 9097 tons of an 
approximate value of $39,000; of this 
amount 7562 tons were shipped by rail
road. 

The following are some selected analyses 
of Texas Pennsylvanian coals: 

Cannel coal.-The Texas cannel coal is 
found in Tertiary strata of the Rio Grande 
region. Commercial deposits occur in 
Webb County. The cannel coal of that 
area occurs in several seams of which only 
two were mined. These are the San Pedro 
and the Santo Tomas seams. The hori· 
zontal extent of these seams along their 
strike is small, because northward they 
split into several thin seams which are no 
longer commercial. Thus the useful de
posits seem to he confined to Webb County, 
although the strata continue into the next 
adjoining counties to the north. 

Table 5 shows selected analyses of the 
two coal seams. 

The coal has an unusually low moisture 
content, which is obviously a desirable 
feature. However, the coal is also high 
in ash and sulphur. The coal is so rich 
in bituminous matter that in many places 
in the mines oil was found seeping from 
the rocks. In spite of some drawbacks in 
the composition of this cannel coal it is 
clearly a valuable material. The chief 
drawback in the use of this coal is the 
great distance of the coal from its poten
tial markets. 

Table 4. Analyses of Texas Pennsylvanian coals. 

Dry Buie 

Vol. and 
Moi•· Comb. Fixed 

Coal Beda and Mines tu re Matter Carbon Aab Sulphur B.t.u. 

No. 7, Cisco, Eastland CountY--····--- ·-- 13.44 40.28 42.02 17.70 2.94 11,101 
No. 1, Thurber, Erath County ---------------- 2.70 41.95 50.08 7.97 1.98 12,526 
No. 7, Jermyn, Jack County----------- 10.24 38.18 39.01 22.81 1.84 10,510 
No. 1, Strawn, Palo Pinto County ____________ 1.06 39.70 50.65 9.65 2.91 13,563 
No. 1, Weatherford, Parker County _______ 3.50 39.50 50.99 9.51 2.10 12,410 
Bridgeport, Wise County _________ 12.50 36.26 49.12 14.62 2.11 12,190 
No. 7, Loving, Young County ____ 18.00 37.70 49.00 13.30 1.35 12,709 

FORMATIONS CONTAINING COMMERCIAL CANNEL COAL DEPOSITS IN THE 

Tertiary ______ _ 

GULF COASTAL PLAIN OF TEXAS 

Pliocene ------------------------------------------------------------------Miocene __________________________________________________________ ___ ___ ____________ _ 
Oligocene __________________________________________________________________ , ______________ _ 

Eocene ________ {::::::~:::~--~--{·1~~~JJ~~t~;;;~~~=~~~:--·(=~:-~::~: 
Tomas seam) 

Bigford formation• (with San Pedro seam) 
Carrizo sand 

Wilcox grOUP------------------------------------------Paleocene ________________ ____________________________________________ _ 

•Indicates occurrence of commercial cannel coal depoaill. 
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OBSTACLES TO EXPLOITATION OF 
TEXAS COAL 

Markets.-Although coal deposits of 
economic quality are widely distributed, 
their economic exploitation is severely 
restricted. Coal is a bulky material, and 
large quantities must be shipped to make 
a mine profitable. Therefore, ease of 
transportation is of great practical im· 
portance. To give an obvious example: 
Whereas brown coals are widely dis· 
tributed in the Wilcox outcrops of Texas, 
only those places of that expansive out· 
crop area that are within easy reach of 
railroad lines or enjoy otherwise easy 
transportation have been exploited. The 
proximity of markets is also a determin· 
ing factor. Some of the Texas coals, al· 
though of hi_gh grade, cannot yet be ex· 
ploited profitably or on a large scale be· 
cause they are far removed from markets. 
The cannel coal of Webb County, for 
instance, is one of the best as far as quality 
is concerned, but its exploitation suffers 
from the lack of a large dependable 
market at a reasonable distance. As the 
density of population increases in Texas 
and as the industrialization progresses, 
new and enlarged markets for these coals 
will be established. Then many deposits 
that are now dormant will become eco· 
nomica!ly important. 

Competition with other fuels.-Coal as 
a fuel-and for sometime to come its chief 
use will remain that of a fuel-is in corn· 
petition with other fuels. In Texas it is in 
competition with fuel oil and gas. This 
is well illustrated by the influence of the 
great East Texas oil field on lignite pro· 
duction in east Texas. Before this great 
field came in, lignite was produced in 
many mines in east Texas, for instance, at 
Evansville and Bear Grass in Leon County 
and at Lovelady in Houston County. 
However, as the East Texas oil field began 
to produce oil so abundantly, these mines 
were forced to shut down, and some of the 
mine villages are now abandoned. 

Production problems.-ln many in· 
stances production methods in the Texas 
coal mines were primitive, and even today 
it is possible to produce coal by primitive 
and inexpensive means involving only a 
small capital investment. As yet the min· 
ing has not progressed to any great depth 
and has not moved far from the outcrop of 
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the coal beds. One of the chief difficulties 
of underground mining in the lignite mines 
was the weakness of the strata. Thus dif
ficulties with the elimination of water 
breaks were encountered in some cases. 
In most, if not all, underground mines the 
pillars of coal could not be removed be
cause of early collapse. The mining 
methods 'have been described in the report 
on Leon County. 

DEVELOPMENT-PAST AND FUTURE 

The coals of Texas were discovered very 
early. A map of Texas published in Paris, 
France, in 1818 shows a coal mine in east 
Texas, indicating that the coal was at least 
known at that date. In 1839 Dr. J. L. 
Riddell described brown coal from the 
banks of Trinity River. Production and 
use of coal started around 1850 as some 

PRODUCTION OF 

published reports indicate. However, 
this early production was very small and 
strictly local. Reliable production figures 
are available from 1888 on. (See fig. 56.) 

Future production of Texas coals de
pends on very many economic factors. 
Coal as a fuel for home use has probably 
only a very limited future. At present 
this field is served by natural gas wherever 
the market is a concentrated one such as 
in the more populous settlements. These 
settlements will probably continue to be 
served by natural gas as long as this fuel 
is so abundant. This condition would tend 
to restrict the home fuel market consid
erably. 

The most promising outlet for the coals 
as fuel is in the industrial field and in the 
fuel supply of power plants in such areas 
where natural gas is not easily available, 
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but where the coals are conveniently 
located. The successful operation of The 
University of Texas power plant in Austin 
with lignite is an example of this sort. 
Another possible future use of the coals 
is in conjunction with chemical extraction 
plants where the coals could be used not 
merely as fuel but as a raw material for 
chemical extraction. At present brown coal 
mined about 12 miles southwest of Mar
shall, Harrison County, is being used by 
a plant in Marshall for the manufacture 
of activated carbon. 

However, should in the future the pro
duction of petroleum and natural gas not 
keep pace with the continuously rising 
demand for these products, then condi
tions for production of coals would change 
so much that a new era of economic ex
ploitation of the coals might arise. Under 
such conditions coals might be produced 
again in quantities equal to or greater 
than were taken from the ground in the 
years 1917 to 1920. 
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GYPSUM RESOURCES AND MINING ON THE HOCKLEY DOME, 
HARRIS COUNTY, TEXAS 

H. B. STENZEL 

The deposit of gypsum mined by The 
Hockley Gypsum Company of Houston, 
Texas, is located about 4 miles south of 
the settlement of Hockley in northwestern 
Harris County, Texas. The mine can be 
reached from Houston by the concrete 
highway U. S. No. 290 (Houston to Hock
ley, 35.3 miles) and improved county 
road (Hockley to mine, about 4.6 miles). 
The mine is connected by a spur with the 
tracks of the Southern Pacific railroad. 
The mine spur enters the main line of the 
Southern Pacific system (Houston to 
Waco) 2. 75 miles east-southeast of the 
depot at Hockley. 

The buildings, structures, and under· 
ground workings are on the land of the 
Warren ranch, John Warren estate, in the 
northwest corner of Thomas Coghill sur
vey, northwestern Harris County, Texas. 

SURFACE FEATURES 

The area under discussion is in that part 
of the Gulf Coastal Plain which is known 
as the Coast Prairie. This is a region of 
very low, subdued relief sloping gently 
toward the Gulf. 

The surface of the region around Hock· 
ley is covered by the Lissie formation. 
The upper portion of this formation, that 
is, the portion that occurs around Hockley, 
is predominantly a poorly bedded, clayey 
sand. However, clean and fresh exposures 
of this formation are rare on account of 
the low relief of the region. The surface 
soil produced by the formation is a light 
brownish-gray, clayey sand, loose and 
porous in many places. The subsoil is 
usually a coherent, dirty rust-orange·red, 
massive, clayey sand and may be 10 feet 
or more thick. 

In the vicinity of Hockley the Lissie 
formation extends southward to the so· 
called Hockley scarp. This scarp is a 
well-marked, though gentle descent from a 
plain, the Alice terrace, standing near 
Hockley approximately at an elevation of 
220 feet above sea level, to a lower plain, 
the Beaumont terrace, standing at an eleva
tion of about 165 feet above sea level in 

this vicinity. As both terraces have a 
slope toward the sea, the Alice terrace a 
greater one than the Beaumont terrace, the 
descent immediately at the scarp is only 
about 30 feet and takes place in a distance 
of about one-half mile.1 

The Hockley scarp may be seen along 
U. S. highway No. 290 about 5.8 miles 
southeast of Hockley railroad depot. 
From there it extends in nearly a straight 
line southwestward to the vicinity of the 
mine. Here it is rather irregular and out· 
lying hills are present. These hills are 
clothed by the Lissie formation and rise 
from the Beaumont terrace about a mile 
from the Hockley scarp. 

South of the Hockley scarp the surface 
of the ground is composed of the soils 
of the Beaumont formation. These soils 
are predominantly dark to black, deep, 
sticky, sandy clay. 

GEOLOGY 

SURFACE GEOLOGY 

The two surface formations, the Lissie 
and the Beaumont, are composed of un· 
consolidated materials, and outcrops of 
hard rock formations are generally absent. 
An exception is the hard rocks exposed in 
Rock Hollow, a south-flowing creek drain
ing the region around the mine. In the 
bed of this creek, iust below the concrete 
crossing of the coiinty road leading from 
Hockley to the mine, there is exposed a 
flat bench of jointed, hard, grayish-white, 
poorly bedded, very fine-grained sand· 
stone. The abundant cement is whitish 
and porcellaneous in appearance. Oc
casional small open pores are in the sand
stone; other pores are filled with bluish· 
white, translucent, waxy, opaline or chal· 
cedonous cement. The age of this rock is 
not known, but it is probable that it is 
older than the Lissie formation. Alex
ander Deussen2 thought that this rock was 
possibly a part of the Fleming formation. 

1Compare the excellent topographic maps made by the 
U.S. Geological Survey: Hockley and Swanson quadrneles 
(Harris County, Texas), scale 1/31680, contour interval, 
l foot, 1920 and 1919, respectively. 

2For reference., •ee "Literature," pp. 214-215. 
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However, rocks of that type are not known 
from the normal Fleming formation out
crops. The presence of opaline cement 
seems to indicate a Catahoula age for this 
sandstone. 

SUBSURFACE GEOLOGY 

Numerous test wells have been drilled 
in this area, and these wells have proved 
the presence of a shallow piercement-type 
salt dome centering in Thomas Coghill 
survey. This salt dome was named the 
Hockiey salt dome and was described by 
Chapman and by Deussen and Lane. Aa
ditional local data were given by Teas. 

The salt core of the dome, composed of 
rock salt, rises to within 1010 feet of the 
surface. The top of the salt is fairly flat 
dnd level at a depth of about 1010 to 
1110 feet. The sides of the salt core are 
citeep and descend to unknown depth. The 
diameter of the salt core at its top is ap
proximately 2 miles. The salt of the core 
is being mined by the United Salt Corpora
tion. 

Above the salt lies the cap rock, which 
is of considerable thickness over the top 
uf the dome but tapers to a thin edge at the 
margins. The greatest thickness pene
trated by a test well is 995 feet in The 
Texas Company John Warren No. 1 in the 
northeastern part of the cap rock. The 
top of the cap rock is less flat than that 
of the salt core. The map of the cap rock 
(PI. XIII) shows the configuration of the 
top of the cap rock by lines of equal depth 
to cap rock drawn at 1000, 400, 200, and 
100 feet from the surface. The shallowest 
cap rock was encountered in Freeport 
Sulphur Company John Warren No. 17 at 
74 feet and in the mine shaft of the United 
Salt Corporation at 76 feet. These data 
seem to indicate that the shallowest cap 
rnck is in a north-northwest trending line 
through these two points and off center of 
the dome to the northeast. An area in 
which the cap rock lies at more than 100 
but less than ·200 feet depth is to the north 
of the center of the dome. The gypsum 
mine is near the east edge of this deeper 
area. 

The cap rock is composed of several 
layers differing in lithologic composition. 

The bottom layer is composed chiefly of 
anhydrite rock. This rock is composed 
mainly of the mineral anhydrite (CaSO.). 
The layer was studied by Teas in the salt 
mine shaft. Many joints cross this layer, 
and horizontal joints are common. The 
joint faces are slickensided and commonlv 
carry a coating of fine pyrite (FeS2 ). 

Horizontal bands of sandstone and irregu
lar fragments of the same material occur 
in the anhydrite. The anhydrite layer is 
the thickest of the cap rock layers. In the 
salt mine shaft 885 feet of anhydrite rock 
are reported by Teas. This figure seems 
to be the maximum recorded thickness 
of the layer. 

Above the anhydrite layer is the gypsum 
layer. This layer is composed chiefly of 
gypsum rock. The rock is composed 
mainly of the mineral gypsum (CaS04 

+2H20) with some minor impurities of 
silty shale and anhydrite. This is the layer 
that is being mined by The Hockley 
Gypsum Company. A more detailed de
scription of the features of this layer is 
given below. The gypsum layer is present 
only over the central area of the cap rock 
and disappears towards the edge of the 
cap. Where the cap rock lies at 400 or 
more feet depth below the surface of the 
ground, the gypsum is absent as far as the 
well data indicate. Even in the central 
area there are some places where the gyp
sum layer is thin. In the salt mine shaft 
only 18 feet of gypsum rock were recorded. 

The top layer of the cap rock is the 
limestone layer. This layer is rich in the 
mineral calcite ( CaC03 ) . It is brecciated 
and interwoven with veins of calcite and 
flecked with calcite vugs, many of which 
are oil-filled. Barite (BaS04 ) and stron
tianite (SrC03 ) are present in minor 
amounts. The thickness of this layer is 
variable. In the salt mine shaft 31 feet 
were recorded. 

Above the cap rock there are unconsoli
dated deposits of sand and clay. Many 
of these beds are porous and water
bearing. The best description of these 
beds available at present is the one given 
from memory by Mr. J. M. Lloyd, at that 
time manager for the Tidewater Gypsum 
Company. 



50 

Texas Mineral Resources 

GYPSUM SHAFT 

·-, 

•5 ...., ...... - .... n.~.J--....... FOSSIL OYSTERS 
47 ~°cod'ct,00<:\f>'&<>c) l.. SARITE CONCRETIONS 

,_-~-=-;:f<-LIGNITE 

. 60 LQ\L SANO 

c<·:· •'·" .. ··" :;.·•,-. .. QUICKSAND .,,,__ _____ _, 

H
2

S 

200 

300 

400 

500 

600 

700 

800 

9 00 

SALT SHAF T 

UNCONSOLIDATED 

SEDIMENTS 

I 

IOOO -
ioio' 9~>-ll-=-'l-I -=-11-=-l~I ~'-J~I ~-,J 

11=JJ=ll=1J=ll 
ll= ROCK =ll 

JI= 11=11.=-I\.= 

ll~~gT!.'7,ll_ 

TOP 0 F CAP ROCK 

Fig. 57. The two mine shafts on the Hockley dome, Harris County, Texas. 

209 



210 The University of Texas Publication No. 4301 

Log of gypsum mine shaft. Recorded by M~. 
W. B. McCarter for the Bureau of Economic 
Geology, June 23, 1928. (Compare fig. 57.) 

Approximate 
depth 
Feet 

Fossil oysters, which crumbled in the 
air -------------------------~---

Barite concretions varying from % mch 
to 2 inches in diameter, about 1.5 
feet thick ---------- - -------

Lignite bed - - ----------------
Oil sand, containing heavy petroleum, 

1.5 feet thick. _____________________ _ 

Quicksand ------------- ---- 
Hydrogen sulfide gas (H..5) -:-.---:-;-
Bed 16 to 18 feet thick, contammg s1hc-

Hied tree trunks forming the centers 
of 2-foot concretions---------------

Limestone -------------- --
Gypsum ------------- -----------
Total depth - - --------------

GYPSUM ROCK 

45 

47 

60 

68 

80 
97 

110 
136 

The gypsum rock of the cap rock is now 
accessible in the 200-foot level of the 
gypsum mine. Several varieties of the 
rock are visible. One variety is handed 
with darker and lighter gray colors in 
nearly horizontal layers up to 4 inches 
thick. This handed variety is finely crys
talline but may range up to mediu~
crystalline. It is visible in two places m 
the mine (see Pl. XII). 

Another variety is finely crystalline, 
irregularly blotched with vario1;1.s sh~des 
of whitish gray and gray. This var.iety 
consists of irregular blocks of various 
shapes and sizes composing a hreccia. 
Layering is discernible in some of the 
blocks and is in various directions depend
ing on the position of the. p~rticul.ar block 
in the breccia. The matnx m which these 
blocks lie is finely crystalline and 
thoroughly recrystallized and adheres 
firmly to the enclosing blocks. The whole 
mass blocks and matrix, is so thoroughly 
weld~d together by recrystallization of the 
gypsum that it is difficult to find the bound
aries of the various blocks and to recog
nize the mass as a hreccia. It fractures as 
a unit and not along the boundaries of 
its components (Pl. XIV-B). 

Locally vugs are found. These are 
usually lined with large, clear crystals of 
gypsum and filled with water. Their vol
umetric content is usually small and they 
do not seem to present difficulties in 
mining. 

Along the latest planes of movement 
one finds coarsely crystalline gypsum, 
which fills completely or nearly so the 
cavities between the two walls of the break. 
In many instances the gypsum of these 
breaks is slightly twisted so that its cleav
age planes are uneven. This indicates a 
slight movement after crystallization of 
the gypsum. The whole gypsum body is 
traversed by countless slippage planes. 
However, nearly all of these are tight and 
closed by recrystallization of the gypsum 
so that the mass is essentially impervious 
to the passage of water. This is evidenced 
by the dusty dryness of the mine in which, 
aside from the shaft, only few minor water 
seeps were encountered underground (see 
Pl. XII). 

It is natural that gypsum rock should 
have the ability to recrystallize readily 
and so to close any breaks or pores. 
Gypsum is slightly soluble in water. At 
21 ° C. one part of gypsum is soluble in 
420 parts of water. If a sufficiently long 
period of time is available, gypsum would 
he taken in solution and redeposited by 
the moisture present in the pore space and 
openings of the rock. In this fashion open 
breaks or pores would tend to clog and 
the breaks would gradually weld together 
by recrystallization. 

The gypsum rock visible in the mine 
encloses numerous fragments, tatters, and 
blocks of shales. Many of these enclosed 
blocks are sooty black to gray-black, lam
inated, micaceous or silty, in some case5 
very silty shale. These blocks are tra
versed by countless, small, slickensided 
slippage planes, and their bedding is con
torted and twisted so that they do not show 
lamination readily hut appear to be black 
mud rather than a shale. Many of the 
blocks are dry and as a consequence break 
into brittle fragments. Only one shale 
body was found to be plastic. This is 
the shale 15 feet east-southeast of the shaft 
on the 200-foot level. These shales are 
fragments of older sedimentary rocks 
penetrated by the salt core of the dome 
and brought from greater depth to this 
level. The outside boundaries of these 
shale pieces are very irregular and cut at 
any angle across the bedding of the shale. 
Usually the shale fragments are bounded 
by slippage planes and are drawn or 
smeared out into long tatters along these 
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planes (see Pl. XII). In featuring the 
shale on the map it had to be exaggerated 
somewhat to allow representation of the 
smaller, thinner bodies. Many of these 
are so small and so mixed with gypsum 
that they are not objectionable. It has 
been found impossible and unnecessary to 
map all minute minor shale inclusions. 

At the present status of mining, shale 
is present in sufficient quantities to be 
objectionable only to the east of the shaft 
and along the east side of the cross cut. 
It has been broken into in several places, 
but as can be seen from the map it has 
been skillfully avoided in the newer work
ings active at the time of the investiga· 
tion. Future effective mining will depend 
on continued skillful avoidance of the 
larger shale bodies guided by continuous 
underground mapping. 

QUALITY 

The gypsum rock is intimate! y and in 
varying proportions mixed with impurities, 
of which the above described shale seems 
the most important at present. Through 
skillful mining operation the more ob
viously impure portions of the gypsum 
rock and the larger shale bodies may be 
avoided and left untouched underground. 
In addition, by chemical tests it is pos
sible to check and guide mining opera
tions so that only gypsum rock of desired 
quality is mined. 

Numerous analyses are available of the 
underground gypsum rock. These an· 
alyses are from the various core tests and 
give a representative picture of the com
position of the gypsum layer as a whole. 
It must be pointed out that this picture 
includes also such portions of the layer as 
are not pure enough and which under 
normal, skillful mining procedure are left 
underground. Certain• portions of the 
layer will have to be left untouched 
underground under any circumstances, 
because pillars must be left standing to 
support the roof of the mine. By choice 
the less valuable portions of the layer may 
be left standing as pillars and only a very 
small amount of useless material, if any, 
need be removed. 

In summarizing the analyses given in 
the appendix, it is evident that an exten
sive body of high-grade gypsum is present 
and that the minable gypsum rock meets 
specifications. 

QUANTITY 

Through the core tests made by various 
companies it is possible to outline (1) 
the extent of the cap rock, (2) the depth 
at which it lies, (3) the extent of the 
gypsum rock layer of the cap rock, and 
(4) the quantity of gypsum rock available 
to mining. 

The extent of the cap rock was first 
shown by Deussen and Lane. Somewhat 
improved but in essential features similar 
data are given on the accompanying map 
(Pl. XIII). Wells and core holes known 
to have reached the cap rock are shown 
on that map. It may be seen that outside 
the 1000-foot line the cap rock descends 
very rapidly down the sides of the salt 
core and in many places it also thins out 
completely. In other words, the 1000-
foot line comes very near to being a fairly 
representative outline of the margin of the 
cap rock. The size of the area enclosed 
by this line is 2.5 by 1.8 miles and the 
shape is ovoid with the longer axis from 
N-NW to S-SE and the lesser axis going 
through the north-central part of the out· 
line. 

Depth of the cap rock is shown on the 
map by the 1000, 400, 200, and 100-foot 
lines. Each of the lines denotes depth to 
the top of the cap rock measured from the 
surface of the ground. The elevation of 
the surface of the ground varies from 203 
to 162 feet above sea level, although as a 
whole the ground is very flat. As these 
lines are constructed from depth data 
without regard to sea level elevation, they 
are not contour lines of equal elevation 
above sea level. Rather they are in the 
nature of isopach lines giving the thick
ness of the overburden above the cap rock. 

From the configuration of the lines it 
may be inferred that the top of the cap 
rock is flat, although somewhat uneven, 
and that toward the margin it descends 
with increasing steepness. The 100-foot 
line indicates a broad and shallow basin, 
open to the north, situated in the north
central part of the cap rock area and 
flanked in the east and west by broad 
ridges. 

As has been explained above, the 
gypsum rock layer is only one of the 
several composing layers of the cap rock. 
Therefore, its extent is either equal to or 
smaller than the cap rock. The greatest 
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thickness of the gypsum rock, 128 feet, 
was encountered in The Hockley Gypsum 
Company core hole No. 11, located west 
of the gypsum shaft. This core hole is in 
the north-central part of the cap rock area. 
However, in a general way the greatest 
thickness of this layer is over the mid
portion of the cap. In radial direction 
from the mid-portion the layer gradually 
pinches out before reaching the 400-fo~t 
line. There are several test holes near this 
line which show the gypsum to be absent. 
However, there are too few of these 
marginal data to establish accurately the 
thin outer edge or the actual margin of 
the gypsum rock layer. In view of the 
fact that along the 400-foot line the 
gypsum is either absent or of negligible 
thickness that line can be assumed to be 
the outer margin of the gypsum rock 
layer for all practical purposes. 

Within the 400-foot line the gypsum is 
of varying thicknesses. In some places 
there seems to be a rapid change of thick
ness. For instance, the salt mine shaft 
disclosed gypsum rock of only 18 feet 
thickness but The Hockley Gypsum Com· 
pany core hole No. 11 disclosed 128 feet 
plus; both are in the north-central part 
of the cap rock area within a short dis
tance from each other. In other places the 
changes in thickness are not so extreme as 
that, for instance, in the area covered by 
The Hockley Gypsum Company core holes 
in the vicinity of the mine. 

The quantity of gypsum available and 
recoverable may be calculated from the 
various core hole data. It is very large 
and sufficient to sustain the local industry. 

MINING 

MINING AND PRODUCTION METHODS 

The shaft used at present was originally 
sunk by the Tidewater Gypsum Company 
of Texas in 1928. The shaft had remained 
unused since about that year and was 
cleaned out and repaired in 1944. Orig
inally it was only 136 feet deep. It has 
been deepened to 234 feet. It is a two
compartment shaft 8 by 14 feet in cross 
section. Only one of the compartments 
is in use at present. 

Mining is done at present only on the 
200-foot level. However, a lower level 
is contemplated and can be opened up 
readily, because the shaft is already ex-

cavated to 234 feet depth. Drilling is 
done by Chicago pneumatic stoker and 
Sullivan and Ingersoll-Rand jackhammers 
supplied with compressed air by a 315-
c.f.m. Ingersoll-Rand compressor. It is 
planned to use electric auger drills later 
on. At present loading of the gypsum rock 
is done by hand shovel and larger blocks 
are broken to convenient size by hammer. 
The rock is loaded onto buckets. 

The bucket lift hoists the rock and dis
charges it into a hopper, which is above 
the crusher. The crusher is a 7-inch Allis
Chalmers Newhouse gyratory primary 
crusher. This crusher reduces the rock to 
the size which is desired by cement plants. 
A belt-bucket elevator discharges the 
crushed rock to an Allis-Chalmers 2-deck 
Aerovibe screen of 3 by 10-foot size. A 
horizontal belt conveyor carries oversize 
material back to the gyratory crusher 
(Pl. XIV-A). 

A belt conveyor carries the material to a 
Stephens-Adamson box car loader, which 
distributes it in the box cars. Shipment is 
by box car and open gondola. A stock 
pile operated by scraper-hauler system is 
near the tracks. 

At present all gypsum sold is used as a 
retarder in Portland cement manufacture. 

MINING HAZARDS 

In the course of refitting the shaft and 
opening up the 200-foot level some dif
ficulties were encountered. These com
prise ground water leaks and presence of 
hydrogen sulfide gas. 

Ground water occurs in the unconsoli
dated sediments which overlie the cap 
rock. In undisturbed condition only the 
uppermost portion of the cap rock, the 
limestone layer, is cavernous and per
meable to water. The lower portions of 
the cap rock including the mass of the 
gypsum layer are water tight or very 
nearly so. This is evidenced by the dry 
condition of the 200-foot level, in which 
only minor water seeps are present and 
where nearly all the walls and the roof 
are dry. 

However, in sinking the original shaft 
insufficient care was taken to wall off the 
water horizon and water leaks from the 
overlying unconsolidated and porous sedi
ments. The amount of water entering is 
not serious as it is being handled success-
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The University of Texas Publication 4301 Plate XIV 

(A) Shaft and plant of The Hockley Gypsum Company, near Hockley, 
Harris County, Texas. 

(B) Gypsum rock in the mine. 
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fully by pumping for short periods. Al
though it may not be found necessary, it 
is probable that methods can be devised 
by which the shaft can be made to stop 
leaking. The mine levels should prove 
dry or nearly so and very little difficulties 
are to be expected from that source pro
vided sufficient care is taken and core hole 
exploration is preceding the mining op
erations. 

The roof of the present level appears 
sound on examination and the strength 
of the cap rock is such that it should 
support a roof under the present condi
tions and procedures of mining. It is 
obvious that care must be taken not to 
weaken the roof in any way. 

Hydrogen sulfide gas is present in the 
mine and in some of the ground water. 
The gas is obnoxious but is readily re
moved by proper ventilation. No diffi· 
culties should be encountered under the 
present system of ventilation. 

HISTORY OF DEVELOPMENT 

The first well at this locality to pene· 
trate to hard rocks was drilled in 1902 
by Lee, Napier, and Spears in the Theodore 
A. Sully survey. This well entered hard 
rock, probably sandstone, at 13 feet con
tinuing in this to 60 feet. A small quan
tity of oil was found in this rock and 
black shale was found below. The pres
ence of a salt dome at this locality was 
first suspected by Mr. Patillo Higgins in 
1905 on the basis of gas seeps in shallow 
auger holes and hydrogen sulfide-bearing 
water seeps. The first six wells were 
drilled by Mr. Higgins in 1906 to 1908. 
These wells entered cap rock at shallow 
depth and proved the existence of the salt 
dome. Later exploration showed in many 
instances that part of the cap rock was 
composed of gypsum rock. 

In 1928 Mr. Howard W. Kenyon of 
Houston became interested in the possi
bilities of gypsum mining near Hockley 
and investigated the cap rock. For test
ing and exploration, 9 wells and a shaft 
were dug proving the presence of an ex
tensive gypsum rock deposit. The shaft 
was 136 feet deep. The shaft entered 
gypsum rock and its bottom was in that 
rock. A prospectus entitled "A new source 
of potential wealth in Harris County, 
Texas" and dated October 1, 1928, was 

printed and a company, Tidewater Gypsum 
Company of Texas, was formed for the 
exploitation of the lease. It is not known 
whether this company produced gypsum 
commercially except on an experimental 
basis. Due to the depression years of 
1929 to 1932 no further work was done 
and the property remained dormant. 

Later exploration was taken over by 
the Texas Gypsum Mining and Construc
tion Company. It is not known how much 
exploration this company conducted. 

In 1937 Mr. Kent B. Diehl, then presi
dent of Gulf Portland Cement Company 
in Houston, became interested in the 
gypsum mine. The first report on the 
deposit was made for Mr. Diehl by Mr. 
Thorald Field of Superior, Wisconsin. 
Then in 1942 Mr. Diehl and his associates 
formed The Hockley Gypsum Company. 
This company obtained leases covering the 
salt dome area and proceeded with ex
ploration. In the course of exploration 
15 core holes were drilled in the vicinity 
of the old shaft. The old shaft was 
cleaned out and deepened to 234 feet . 
This proved a very difficult task on ac
count of considerable water leakage 
around and through the old shaft and on 
account of the poor original construction 
of the shaft walls. However, the diffi
culties were overcome in 1944 and the 
shaft is now in continuous operation. At 
first operations were in charge of Mr. Axel 
F. Peterson and Mr. A. J. Ragel, superin
tendent. The present superintendent is 
Mr. Matthew P. Rowe. The mining of 
gypsum has now passed the experimental 
stage and is on a commercial basis. The 
gypsum is being shipped to Houston and 
other places. Some of it even goes 
overseas. 
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APPENDIX 

This "Appendix" contains analyses of the gypsum rock from the Hockley salt 
dome and drillers' logs of the cap rock. These data are presented as a substantiation 
and documentation of the subsurface geology of the Hockley salt dome cap rock. 

ANALYSES OF GYPSUM RocK FROM HoCKLEY SALT DoME 

The following 5 analyses were made by Mr. R. M. Wheeler of the Bureau of 
Economic Geology from samples submitted by H. B. Stenzel. The samples were 
taken by Mr. Matthew P. Rowe in presence of H. B. Stenzel. They were taken 
vertically down the exposed working face of the 200-foot level at the places indicated 
on Plate XII. The samples were obtained by chipping off small pieces with a pick 
at few inches intervals. Samples 212 to 214 cover 10 feet and samples 215 and 216 
cover 12 feet vertically, in each case the entire exposed working face. 

Com· 
Num· Free bined Acid 
her Sample Description H,O H,O insol. R,O, eao so. 
212 202 XCN Center 259' ............ 0.03 18.54 1.57 o.ox 33.30 45.66 
213 202 XCN East side 259'.·-···· 0.03 20.24 0.87 o.ox 32.35 45.35 
214 202 XCN West side 259' ........ 0.02 20.42 1.06 o.ox 32.35 45.15 
215 213 DW North side 12' ........ 0.02 20.00 2.37 o.ox 32.20 45.22 
216 213 DW South side 12' ........ 0.02 20.11 2.17 o.ox 32.00 45.02 

Remarks: Carbonate reaction noticed with cold, dilute HO. 

Date : May 12, 1945. 

The data presented in the next pages consist of analyses of samples taken from 
cores of the Freeport Sulphur Company core holes. These analyses were made by 
the Lone Star Cement Corporation, Houston, Texas. The analyses are followed by 
drillers' logs and analyses of the core holes of The Hockley Gypsum Company made 
chiefly by the Colorado Assaying Company, Denver, Colorado. At the end is 
appended a report made to Mr. Howard Kenyon by J. N. Gregory containing infor· 
mation about the shaft and analyses of samples taken therein. 
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LONE STAR CEMENT CORPORATION 
HOUSTON PLANT 

Freeport Sulphur Company-Hockley, Texas, Well No. 9 
Samples taken from cores at Freeport, Texas, April 28, 1939 

Feet from surface 
From To SiO, Al,O, CaO so, H,O Total 

92 96 0.92 0.04 32.16 4<i.OO 20.63 99.75 
96 102 1.84 0.24 31.88 45.60 20.44 100.00 

102 108 1.56 0.06 32.02 45.80 20.54 99.98 
108 109 26.00 0.40 26.60 32.61 14.30 99.91 
109 116 0.16 0.12 33.60 45.51 20.60 99.99 
116 126 1.68 0.20 31.92 45.60 20.49 99.89 
126 131 4.56 0.36 30.74 43.97 19.73 99.36 
131 136 3.76 0.20 31.21 44.64 20.03 99.84 
136 142 1.12 0.08 31.88 45.58 20.45 99.11 
142 152 1.20 0.28 32.05 45.82 20.56 99.91 
152 162 0.56 0.16 32.30 45.18 20.72 99.92 
162 172 0.48 0.08 32.37 46.27 20.77 99.97 
172 182 0.96 0.28 32.13 46.00 20.62 99.99 
182 192 0.32 0.34 39.70 55.57 4.00 99.93 
192 202 0.44 0.40 37.70 52.00 9.00 99.54 
202 208 0.92 0.42 41 .20 54.81 2.30 99.85 

Well No. 9 drilled by Freeport Sulphur Company is about 4200 feet southwest of Tidewater 
mine shaft. 

From 92 to 182 feet from surface is a fair grade of gypsum. There are spots of very hard silica 
balls scattered through the cores. Silica is noticeable in lump form from 96 to 109 feet and from 
116 to 152 feet in these cores. 

Anhydrite is found at 182 feet and continues as far as we have tested, which is 208 feet. 

Gulf Portland Cement Company tested some of these cores with the following results: 

Feel from surface 
From To SiO, Al.Oa CaO so. Loss 

102 108 33.03 46.21 21.10 
136 142 32.43 45.80 22.17 
172 182 33.43 45.70 23.16 

Houston, Texas 
May 10, 1939. 

LONE STAR CEMENT CORPORATION 
HOUSTON PLANT 

Freeport Sulphur Company-Hockley, Texas, Well No. 10 
Samples taken from cores at Freeport, Texas, April 28, 1939 

Feet from surface 
From To SiO, Al,O, CaO so, H,O Total 

108 110 3.40 0.20 31.37 44.89 20.12 99.98 
110 120 4.22 0.12 31.14 44.54 19.97 99.99 
120 130 1.08 0.32 32.08 45.90 20.58 99.96 
130 140 7.08 0.24 30.16 43.14 19.34 99.96 
140 150 0.92 0.12 36.92 52.82 9.00 99.78 
150 160 1.00 0.16 39.18 56.05 3.55 99.94 
160 164 0.80 0.32 40.36 58.45 0.07 100.00 
164 173 0.36 0.20 39.76 56.87 2.75 99.94 

Well No. 10 drilled by Freeport Sulphur Company is about 4600 feet south-southwest of Tide
water mine shaft. 

Gypsum is found from 108 to 140 feet with some silica balls scattered throughout. 
Anhydrite is found at 140 feet and continues as far as we have tested, which is 173 feet. 



Texas Mineral Resources 

Gulf Portland Cement Company tested some of these cores with the following results: 

Feet from surface 
From To 

us 
130 

U8 
140 

SiO, Al,Oa Cao 

32.43 
32.43 

so, 

46.37 
4S.39 

H,O 

20.97 
20.8S 

They evidently had some pieces without silica balls. 

Houston, Texas 

May II, 1939. 

Feet from surface 
From To 

104 108 
109 ll5 
us 124 
132 141 
141 148 
148 1S3 
153 161 

LONE STAR CEMENT CORPORATION 

HOUSTON PLANT 

Freeport Sulphur Company, Hockley, Texas, Well No. 14 

Samples taken from cores at Freeport, Texas, April 28, 1939 

SiO, Al,O, Cao so, Loss 

Not determined 0 
38.72 3.28 33.30 0 23.85 

0.72 0.08 32.26 46.14 20.71 
0.52 0.08 32.90 47.00 19.45 
1.48 0.18 31.98 45.77 20.18 
1.48 0.20 40.00 56.87 1.45 
0.72 0.08 39.40 53.23 6.4S 

Total 

Total 

99.15 
99.91 
99.95 
99.59 

100.00 
99.88 
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Well No. 14 drilled by Freeport Sulphur Company is about 2700 feet southwest of Tidewater 
mine shaft. 

Sandy limestone from 104 to US feet. 
Gypsum from US to 124 feet. 
Anhydrite and gypsum from 132 to 141 feet. 
Gypsum from 141 to 148 feet. 
Anhydrite from 148 feet to as far as we have tested, which is 161 feet. 

Gulf Portland Cement Company tested some of these cores with the following results: 

Feet from surface 
From To 

us 
132 

124 
141 

Houston, Texas 

May 12, 1939. 

SiO, AI.Oa CaO 

33.13 
33.03 

so, 
45.58 
47.07 

H,O 

21.50 
20.91 
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LONE STAR CEMENT CORPORATION 
HOUSTON PLANT 

Freeport Sulphur Company-Hockley, Texas, Well No. 16 
Samples taken from cores at Freeport, Texas, April 28, 1939 

Feet from surface 
Total From To SiO, Al,O, CaO so, Loss 

204 212 1.52 0.24 33.00 43.15 21.59 99.50 
212 221 1.60 0.32 33.50 42.05 21.95 99.42 
221 229 2.52 0.32 33.00 42.74 20.72 99.30 
229 238 1.08 0.20 33.20 45.21 20.40 100.09 
238 246 14.24 0.36 29.00 36.29 18.28 98.17 
246 250 4.76 0.12 32.20 42.33 20.12 99.53 
250 258 10.48 0.16 30.80 40.06 18.70 100.20 
258 263 15.32 0.20 28.40 37.73 17.85 99.50 
263 271 8.80 2.08 28.98 41.45 18.59 99.90 
271 274 22.88 0.40 24.95 35.60 16.00 99;83 
274 282 1.44 0.44 38.70 55.36 4.00 99.94 
282 290 0.80 0.52 40.50 58.60 1.38 100.00 

Well No. 16 drilled by Freeport Sulphur Company is about 4800 feet south-southeast of Tide-
water mine shaft. 

Gypsum is found from 204 to 274 feet with hard silica balls scattered throughout. 
Anhydrite is found at 274 feet and continues as far as we tested, which is 290 feet. 
Houston, Texas 
May 13, 1939. 

LONE STAR CEMENT CORPORATION 
HOUSTON PLANT 

Freeport Sulphur Company-Hockley, Texas, Well No. 17 
Samples taken from cores at Freeport, Texas, April 28, 1939 

Feet from surface 
From To 

127 
135 

135 
145 

SiO, 

0.72 
1.80 

Al,O, 

0.16 
0.60 

Cao 

56.00 
54.80 

so, 
0 
0 

Loss 

42.86 
42.58 

Total 

99.74 
99.78 

Well No. 17 drilled by Freeport Sulphur Company is about 2850 feet south-southwest of Tide· 
water mine shaft. 

These tests showed this to be limestone between 127 and 145 feet. 
We are doubtful of the 135 to 145 feet sample being representative of this depth, as the log 

of the well lists gypsum from 138 to 145 feet; however, there was no gypsum in the broken core 
which we made our analysis from. 

Houston, Texas 
May 13, 1939. 

Hockley Gypsum Company core hole No. 1 on John Warren Estate lease. Location: 00 E & W-
200 S. Commenced 3--25-1943; completed 4-20-1943. 

Driller's log: 

Surface sand and boulders ..... ----·· 
Limestone streaks in sand ............. . 
Water sand ·········-·······················-··· 
Limestone, solid ............................. . 
Shale and limestone ....................... . 
Limestone ....................................... . 
Limestone and sand ---------------------
Sand ----------···-··································· 
Limestone, solid ··················----------
Sand and shale, hard ____________________ _ 
Limestone --------------------------············· 
Anhydrite and gypsum ........ -----------
Shale ----------------- ---···········-·-------------
Gypsum -···············-·········------ ------ -
Gypsum with shale streaks .......... _ 
Gypsum --·····················--------- -----

0-62 
62-65 
65-99 
99-105 

105-118 
118-119 
119-129 
129-130 
13~152 
152-154 
154--163 
163-168 
168-169 
169-178 
178-180 
18~188 

Driller's log: 

Gypsum ------------------------------------------ 188-198 
Gypsum --------- -------------------------···· 198-208 
Gypsum ............................................ 208-218 
¥.! foot cavity at 224', gypsum...... 218-228 
1 foot cavity at 232', gypsum_______ 228-238 
Small cavity at 247', gypsum........ 238-248 
Gypsum -----··············---------------------- 248-258 
Gypsum ---------------------------------------- 258-268 
Gypsum -···································------- 268-270 
Anhydrite and gypsum_________________ 27~278 

Anhydrite ··································--- 278-287 
Anhydrite -------------------------------------- 287-297 
Anhydrite ··························-·----------· 297-308 

Total depth ---------------------------- 308 
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Detail of first 62 feet from graphic log of core hole No. 1: 

Surface material ··········-------····-···· 0-10 
Clay ------·-------------------·-··- 10-20 
Quicksand ············-··------------------ 20-27.5 
White clay ····--····--------------- 27.5-40 
Water sand ··················------------ 4()...{i2 

219 

Cored Recovery Cored Recovery 

IIB-128 ··········-····-····-·· 
128-138 ················-······-
138-148 ······--················ 
148-154 ······-·················· 
154-158 ····-····--············ 
158-163 ··············--------
163-168 ···············-------
168-178 ············--······-
178-188 ····-···-····- ······-
188-198 ··········-··········-·· 
198-208 -········-···--····-

Analyses 

168-175 ------
175-185 ------------
185-195 ------------
195-205 ---------------
205-215 ----------------
215-225 ------

% 

0 
l foot 
2 
1.5 
1.5 
0 
4 
6 
6 
9 
9.5 

so. 
45.21 
41.96 
42.08 
50.02 
46.72 
39.62 

208-218 ····················-···· 
218-228 ····-····---------
228-238 ··········--·-·····-·· 
238-248 ··········------
248-258 ················----
258-268 ··········-····-··-···· 
268-278 ··········--········--
278-287 .... ----·- ····-···· 
287- 297 ····················-··-
297-308 ················-----

Analyses 

225-240 
240-255 
255-270 
270-290 
290-308 

8.75 
8 
5.25 
7 
8.5 
5.75 
9.5 
8.25 

10 
10 

% so, 
41.44 
42.24 
44.58 
51.80 
54.72 

Hockley Gypsum Company core hole No. 2 on John Warren Estate lease. Location: 100 S-
00 E & W. Commenced 4-2-1943; completed 5-20-1943. 

Driller's log: 

Surface - ---------- 0-42 
42-60 
60-90 
90-100 

Sand and broken formation ______ _ 
Water sand - -- --- ---------------- 
Soft shale -············-······-------
Limestone ---------------···· 
Broken limestone -····-············
Hard shale ·····- - ------------

100-101 
101-111 
lll-132 

Analyses : 

Feet from surface 
From To 

149 
163 
176 
201 
208 
213 
227 
237 

163 
176 
201 
208 
213 
227 
237 
255 

so. 
42.75 
44.40 
41.65 
45.35 
50.25 
40.95 
39.95 
50.65 

Driller's log : 

Broken shale ··············---·······- ··
Shale and anhydrite .. --------········-
Shale -----------·····-···- ··············--
Gypsum -----········-·--··-············-
Gypsum and shale ....... ---------········ 
Gypsum ·-·-····-····-········-------------

CaO 

31.10 
32.15 
32.35 
33.20 
38.15 
32.48 
35.35 
38.57 

Total depth ····----- --------·-···· 

Insoluble 

4.60 
1.95 
4.00 
1.05 
0.65 
4.60 
1.05 
0.35 

Combined 
H,O 

19.05 
19.55 
18.35 
18.90 
7.95 

18.10 
17.50 
7.50 

132- 135 
135-138 
138-146 
146-169 
169-179 
179~279 

279 

Denver l , Colorado, June 24, 1944 
The Colorado Assaying Company 
By Edmund Phillips 
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Hockley Gypsum Company core hole No. 3 on John Warren Estate lease. Location: 100 N-
00 E & W. Commenced 5-21-1943; completed 6--2-1943. 

Driller's log: 

Surface ···-···- ----··-··-··-·-··-· 0-47 
Oil sand ································--··- 4 7-52 
Shale and sand ·--············-·········· 52-75 
Limestone ················--············-···· 75-78 
Shale --·······-·················-·····---- 78-85 
Hard sand and limestone_.......... 85-93 
Shale and hard sand.·-··-····- ······ 93-103.5 
Shale and hard sand ···········-······ 103.5-106 
Anhydrite and gypsum .............. - 106-109 

Analyses: 

Feet from surface 
From To so. 

129 139 44.00 
139 145 45.20 
145 159 44.50 
159 179 40.00 
179 199 39.90 
199 207 51.25 
207 215 43.05 
215 236 55.15 

Driller's log: 

Broken gypsum ··························-
Gypsum, l' of shale ...... - ......... -
Gypsum with shale seams ........ __ 
Gypsum l' shale 9' ···-···············
Gypsum l' shale 9'····--·········-·· 
Gypsum l' shale 9' - ·················-
Gypsum ··········-····-········-····-····-
Anhydrite ········-- ··-····- - ---

Total depth ··-··············--

109-119 
119-129 
129-159 
159-169 
169-179 
179-189 
189-216 
216-236 

236 

Combined 
Cao 

31.80 
32.43 
32.23 
28.80 
30.45 
36.62 
32.70 
39.85 

Insoluble H,O 

2.95 19.55 
1.05 20.00 
2.00 19.70 

II .30 17.90 
9.40 17.20 
0.40 11.00 
2.50 19.05 
0.55 3.50 

Denver 1, Colorado, June 26, 1944 
The Colorado Assaying Company 
By Edmund Phillips 

Hockley Gypsum Company core hole No. 4 on John Warren Estate lease. Location: JOO N-
100 W. Commenced 6--2-1943; completed 6--16--1943. 

Driller's log: 

Surface ················-··-········-······--· 0-42 
42-48 
48-61 
61-85 
85-150 

Oil sand ··-···········-····-···················· 
Sand ··········--········--················-····-
Black shale ··········-···-···-····-·········· 
Shale ·········-·······-·····-· ·······-·······-·· 
Limestone ······································
Limestone, anhydrite and gypsum 

150-155 
155-165 

Analyses: 

Feet from surface 
From To so, 

155 170 43.20 
170 210 43.80 
210 226 40.80 
226 244 51.05 

155 42.05 
165 44.25 
175 44.20 
185 44.50 
195 35.40 
205 46.65 
215 II.72 
225 41.60 
235 47.50 
245 52.40 

Driller's log : 

Shale streaks, 3' gypsum.·--···-·-· 165-175 
Gypsum ··············- ···-····---······-·-· 175-208 
Gypsum 2' broken sand·-··········- 208--218 
Shale and gypsum ... ·-··············--- 218--228 
Gypsum ···············-·-········-······--- 228--246 

Cao 

32.45 
32.10 
30.90 
37.80 

Total depth ··················---·· 246 

Combined 
Insoluble H,O 

3.70 18.60 
3.75 18.90 
6.75 17.95 
0.55 8.30 

Denver 1, Colorado, June 26, 1944 
The Colorado Assaying Company 
By Edmund Phillips 



Texas Mineral Resources 221 

Hockley Gypsum Company core hole No. 5 on John Warren Estate lease. Location: 100 N-200 
IT. Commenced - - ; completed --. 

Driller's log: 

Surface ---------------------------------------
Oil sand _ ______ ----------------------- -------
Hard sand ---------------------------------
Shale --------------------------------- --

0--65 
6S--70 
70-75 
7S--128 

Shale ------------------------------- -- ------ --Hard white shale _______________________ _ 
Anhydrite --------- -----------------------------

128-137 
137-147 
147-152 

Analyses: 

Feet % SOa 

148 ·------------------------------------ 45.7 
158 ----------------- 45.2 
168 ------- ------------- 44.4 
178 ----- ---------- 42.6 
188 ------------------------ 45.3 
198 ------------- ------ 44.3 

Driller's log: 

Gypsum ----------------------------------- 152-177 
Shale 6'h' gypsum 3¥2'---------------- 177-187 
Gypsum ----- -- --------------- -------------- 187-197 
Broken shale and gypsum___________ 197-207 
Gypsum ------------------------------------------- 207- 247 
Broken core catcher ________________ ____ ____ 247-257 
Oil sand and gypsum____ _________ ________ 257-2/J7 

Feet % SO, 

208 ---- -------------------------------- 44.8 
218 ---------------------- ·------ -------- 46.5 
228 ------------------------- --- 44.2 
238 ----------------------------------- 37.7 
258 ---------------------------------------- 52.6 
267 bottom ----------------- ------ 55.6 

Denver 1, Colorado, July 14, 1943 
The Colorado Assaying Company 
By Edmund Phillips 

Hockley Gypsum Company core hole No. 6 on John Warren Estate lease. Location: 100 W-14 
S. Commenced 7--8-1943 ; completed 7-25-1943. 

Driller's log: 

Surface ------------------------- --------------------
Oil sand -----------------------------------------
Water sand ------------------------------------
Lignite shale ------·----- ---------------------Hard black shale ____ ____________________ __ _ 

Hard sand -------- ------------------
Broken limestone and shale _______ _ 
Gypsum - ------------------Gypsum and shale ______________ _ 
Shale streaked with gypsum ----------

0-39 
39-45 
4S--72 
72-114 

114-120 
120-132 
132-135 
13!>-148 
148-158 
158-168 

Cored 

136-148 
148-158 
158-168 
168-178 
178-186 
186-190 
19(}...198 

Recovery 

--------------------------- 8 
----------------------------- 10 
------------------------------ 4 
---------------------- 10 
---·-- ----------------- 8 
--- ------------ 4 
-------------- 4 

Analyses: 

Feet % SO. 

138 - ---------- - -- 45.4 
148 ------------------- 44.2 
158 45.4 
168 -------------·--- 44.0 
19') -·-- -- 44.8 

Driller's log: 

Gypsum 7' shale 3'h'-- -------------- 168-178 
Shale 5' gypsum 372'--------------------- 178-186 
Shale 4' gypsum streaks________________ 186-190 
Shale streaks ------------ ---------- 190-198 
Gypsum ------------------------------ 198-208 
Broken core catcher__________________ ____ 208-218 
Gypsum ------------------------------------------- 218-248 
Gypsum 7' anhydrite 2'------------------ 248-258 

Total depth ------------------------------ 258 

Cored 

198-208 
218-228 
228-238 
238-242 
242-248 
248-258 

Recovery 

9 
972 
91A, 
4 
6 
8 

Feet % SO, 

219 ------------------------ 46.1 
229 -------------- --------- 45.0 
239 ------- ----------------- 40.1 
249 --------- ----------- ------- 44.0 
258 ---------- ---------------- -- ---- 53.2 

Denver 1, Colorado, July 31, 1943 
The Colorado Assaying Company 
By Edmund Phillips 



222 The University of Texas Publication No. 4301 

Hockley Gypsum Company core hole No. 7 on John Warren Estate lease. Location: 200 W-00 
N & S. Commenced 7-J0-1943; completed 8-7-1943. 

Driller's log: 

Surface --------------------------------------------
Oil sand ---------------------------------- --------
Water sand -----------------------------------·-
Sandy shale ----------------------- -- ------------
Shale ------------------------------------------------
Lignite shale --------------------------------
Shale ------------------------------------------
Sandy shale ----------------------------------

0-4.5 
4.5-48 
.m-65 
65-75 
75-92 
92-98 
%-115 

115-125 

Driller's log: 

Broken limestone --------------------------
Solid limestone -------------------------
Broken limestone and hard sand_ 
Cavity lost returns ________ __ ____________ _ 

Hard sand ----------------· -------------------Shale or hard sand _________ ___ __________ _ 

Gypsum -------------------------------------------
Total depth --------------------

12!>--128 
128-134 
134-151 

151 
151-157 
157-160 
160-172 

172 

Hockley Gypsum Company core hole No. 8 on John Warren Estate lease. Location: 100 E-00 
N & S. Commenced 8-9-1943; completed 8-14-1943. 

Driller's log: 

Surface -------- -------------------·-------------
Oil sand ------------------------------------
Water sand ----------------------------
Shale -----------------------------
Gypsum streaks - --------------------
Shale and streaks of gypsum ________ _ 
Gypsum streaked with shale _____ _ 

0-49 
49-58 
58-72 
72-161 

161-162 
162-168 
168-177 

Driller's log: 

Sandstone and gypsum___________ 177-179 
Water sand --------------------------------- 179-182 
Sandstone and gypsum____________ ____ 182-188 
Gypsum ------------------------------------- 188-208 
2' Gypsum 4' anhydrite_______ ___ __ ____ 206-214 

Total depth ----------------------- 214 

Hockley Gypsum Company core hole No. 9 on John Warren Estate lease. Location: 300 W--00 
N & S. Commenced 8-14-1943; completed 8-25-1943. 

Driller's log: 

Surface -----------------------------------------
Blue shale ------------------------------
Oil sand ------------------------------------
Water sand --------------------------
Shale ------------------------------· Lignite and sand ______________________ _ 

0-41 
41-55 
55-65 
65-87 
87-90 
90-95 

Driller's log: 

Sandy shale --------------------------------
Shale and 'boulders ____________________ _ 

Sand rock ----------------------------------
Washed down after hole stood 24 

hours; lost hole by cave in. 
Total depth --------------------------

95-102 
102-135 
135-146 

146 

Hockley Gypsum Company core hole No. 9'-h on John Warren Estate lease. Location: 300 
W-20 foot offset E. Commenced 9-1-1943; completed 10-8-1943. 

Driller's log: 

Surface -----------------------------------------
Shale ----------------------------------------
Oil sand ------------------------------------
Lignite ----------------------------------------
Shale ---------------------------------------------
Shale and sand -------------------------
Shale and boulders --------------------
Anhydrite ------------------------------------
Water sand ----------------------------------

0-45 
45-80 
80-90 
90-98 
98-112 

112-126 
126-141 
141-143 
143--144.5 

Cored Recovery 

158.5-164.5 ------------------------ 8 
164.5-174.5 --------------------- 10 
184.5-194.5 ----------------- 10 

Driller's log: 

Blue shale --------------------------------- 144.5-147 
Hard sand -------------------------------- 147 -152 
Broken formation ------------------- 152 -158.5 
Gypsum ------------------------------------ 158.5-174.5 
Broken formation -------- ----------- 174.5-184.5 
Gypsum ---------------------------- 184.5-203.5 
Anhydrite --------------------------------- 203.5-204.5 

Total depth ------------------------ 204.5 

Cored 
194.5-203.5 
203.5-204.5 

Recovery 

-----·----------------- 9 
---------------·-------- 1 
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Hockley Gypsum Company core hole No . JO on John Warren Estate lease. Location: 100 S-100 
W. Commenced 10-13-1943; completed 10-29-1943. 

Driller's log: 

Surface ------ -------- - - ----------·
Shale ------------ --------------- - -----------Sand and boulders __ ___________ __________ _ 

Shale ------------------------- -----
Oil sand ----------------------------------------
Shale ----------------------------------------------
Sand and boulders ·----·-----------·--·-
Lime rock ------------- -----------------------
Sand and shale-------------------------· --
Sand and shale 5" anhydrite _______ _ 
1.5' anhydrite and gumbo ·--------··--
Gumbo ---------------------------------------------
2' anhydrite 8' broken formation .. 
Hard anhydrite ---------------------------·--

Analyses: 

0--17 
17- 20 
20-30 
30-42 
42- 50 
50-53 
53--00 
60--66 
66-88 
88- 93 
93-103 

103-123 
123-133 
133-143 

Feet o/o SO, 
168 ------------ -------· ·------------------- 45.3 
178 ---··------·--------------------------- 43.1 
188 ------------------------------------ 45.8 
198 ----·-··------------------------- 42.8 
218 - ---------------------------- 54.7 
228 --- -------------------------· 56.6 

Driller's log: 

Broken gumbo -------------------- 143-149 
Anhydrite ----------------------- 149-154 
Anhydrite 8" break____________ 154-159 
Gypsum ----------------------------- ---- 159-178 
Broken gypsum and gumbo________ 17&--188 
Broken formation gypsum, shale 

and boulder ---- ------------ ----- 18&--198 
Gypsum formation --------------- 198-209 
Anhydrite --------------------------- 209-217 
Gypsum -------------- --------·---------- 217-223 
Anhydrite ------·--------------------- 223-233 
Gypsum ------------------------------ 233-278 
Anhydrite ------------------------ - 27&--288 

Total depth ----- -------------------

Feet o/o SO, 

238 ----------------------------·--------· 40.l 
248 ----------------------------------- 36.l 
258 -------------------------------·--- 39.5 
268 --------------------- -------------- 43.5 
278 ------------- - - ----- 45.7 
288 --------------------------- 0.62 

Hockley Gypsum Company core hole No. 11 on John Warren Estate lease. Location: 100 S-200 
W. Commenced --; completed --. 

Driller's log: 

Surface ·-------------- -------------·--------------Soft lime rock ________ _________ ______________ _ 

Water sand --------------------------------------Soft lime rock _ ____________________________ _ 

Shale ----------------------------------------------
Oil sand ------------------------------------·-
Shale -------·----------------------------------
Water sand ------------------- ----------
Shale and sand·----------------------··--· 
Lime rock ---------- -------------
Lignite shale - ----------------------------
Sand rock ------ ------------- -

Analyses: 

0--20 
20-22 
22-24 
24-30 
30-46 
46-51 
51-70 
70-76 
76-79 
79-84 
84-90 
90-91 

Feet o/o SO, 
155 top ----------- ----- 42.80 
165 top - - --------------- -·-- 43.90 
165 bottom _ _________ 38.20 
175 top ---------------------- 46.80 
175 bottom --------------------- 45.30 
185 top ------------------------··-- 40.10 
185 bottom ------------·-- 46.40 
195 top ------------·---------------- 40.00 
205 top ---------------- -------- 41.20 
205 bottom --------------·- 40.20 
215 top --------------------------- 49.40 
215 bottom ------- ----------- 40.90 
223 bottom ----·--------------- 47.60 
228 top ---------------------- -- 55.90 
228 bottom ------------ 46.40 

Driller's log: 

Igneous shale -------- --
Sand and boulders ________________ _ 

Hard sand --------------------------------
Anhydrite ---- --------·--------------·-----
Hard sand ----------------------------------------
Anhydrite -·-----------------------------------
Shale ----------------------- --------------------
Anhydrite -------------------------------------
Broken formation sand, shale and 

boulders - - -------------------- ------

Total depth --·--· -------------

Feet o/o SO, 
233 top ----------------- 46.60 
233 bottom - ------------ 51.60 
243 bottom ---------- 43.10 
243 top - -- --------------- 46.40 
249 top ------------- 46.20 
249 bottom ----------------- 39.80 
259 top -------- - ----------- 44.30 
259 bottom ---·------------- 45.60 
269 top ----------- -------- 38.20 
269 bottom ---- ----------------- 41.40 
279 top -- - ---------- - - - - 43.90 
279 bottom ---------- 39.00 
283 bottom ---- -------- 43.90 
No mark - ---------- 56.10 

Denver l, Colorado 

91-96 
96-120 

120-121 
121-124 
124-125 
125-130 
130-133 
133-141 

141-155 

283 

The Colorado Assaying Company 
By Edmund Phillips 
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Hockley Gypsum Company core hole No. 12A on John Warren Estate lease. Location: 200 E. 
Commenced 2-4-1944; completed 2-26-1944. 

Driller's log: Driller's log: 

Surface sand ------------------- 0-27 Shale -------------------------------------------·-- 80-87 
Clay -------------------- 27-35 Sand ---------------------------------------- ---·-- 87-102 

Sand ------------- ------------·- 35--42 Shale -------------------------------------------- 102-112 

Sticky shale ------------------------ 42-56 Broken gypsum ---------------------------- 112-116 

Sand and gravel ___________ __ _______ 56-70 Gypsum -------------------------------------------- 116-122 
Shale and sand ____________________ 70-80 Total depth ----------------------------- 300 

Analyses: 

Feet from surface Combined 
From To so. H,O Cao Insoluble 

122 138 40.65 17.10 34.62 1.90 
138 142 29.17 12.55 40.35 1.90 
142 152 37.60 16.20 36.60 1.20 
152 162 42.10 18.00 34.00 1.30 
162 172 4.5.80 19.10 32.4.5 0.20 
172 182 44.30 18.60 33.65 0.35 
182 192 53.55 6.50 38.50 0.20 
192 201 55.10 3.70 39.83 0.20 
201 211 54.55 4.15 39.48 0.35 
211 219 55.75 4.10 
219 229 56.10 3.70 
229 240 55.05 4.50 39.55 0.30 
240 256 55.80 4.35 
256 266 55.90 3.75 
266 276 54.85 4.20 
276 286 55.4.5 4.05 
286 300 56.15 2.70 

Hockley Gypsum Company core hole No. 13 on John Warren Estate lease. Location: 180 E-100 
N. Commenced 3-4-1944; campleted 4-4-1944. 

Driller's log: 

Surface clay -------------------
Sand --------------------------------------- -
Clay ------- --------------------- -· 
Shale --------------------------------------------
Lime rock -----------------------------------

Analyses: 

Feet from surface 
From To 

142 162 
162 177 
177 189 
189 199 
199 219 
219 240 
240 300 

0-20 
20-30 
30-45 
45-67 
67-80 

so. 

42.20 
43.92 
51.75 
51.33 
46.85 
54.35 
56.30 

Driller's log: 

Shale with streaks of lime rock. __ 

Gypsum ---------------------------
Broken gypsum -------------------------

Total depth ------------- -------

Combined 

80-102 
102-132 
132-142 

300 

H20 eao Insoluble 
18.10 31.07 7.05 
18.30 32.87 3.10 
6.85 0.50 
8.30 38.00 0.40 

16.40 34.64 0.30 
5.15 0.30 
3.10 
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Hockley Gypsum Company core hole No . 14 on John Warren Estate lease. Location : 200 N--00 
E & W. Commenced 4--12-1944; completed 5-22-1944. 

Driller's log : 

Surface --·-·-···-·······-···---···--·-------- ----
Clay -------------------........................... .. 
Hard sand ----·----------------------------
Clay ---------------------------Sand and shale ________________ _ 
Shale, streaks of hard sand. __ _ 

Analyses: 

0-20 
20-27 
27-31 
31--00 
60--70 
70-72 

Feet from surface Combined 
From To H.O 

B8 115 18.60 
122 136 17.65 
136 142 19.55 
142 152 18.00 
152 162 11.30 
162 164 5.90 
164 174 4.85 
174 184 5.05 
184 189 5.15 
189 198 6.25 
198 2()1) 18.55 
209 219 18.50 
219 229 9.45 
229 246 4.75 
246 256 18.15 
256 270 4.20 
270 300 2.25 

Driller's log: 

Limestone --------------------------------------
Shale -----------------------------------------··-
Limestone -------------------------------------
Shale -----------------------------·------·--

Total depth ----------------------· 

Insoluble Cao so. 
6.05 31.00 43.4-0 

10.80 29.10 4-0.30 
1.20 32.4-0 46.05 
3.4-0 32.60 43.05 
1.55 36.65 47.15 
3.25 37.30 53.05 
0.85 38.90 54.65 
0.80 39.35 52.20 

12.30 33.55 47.10 
2.55 37.65 52.4-0 
1.00 33.25 44.4-0 
0.95 33.20 45.35 
5.25 35.05 48.60 
1.30 38.65 54.05 
2.35 32.35 45.80 
8.10 36.15 51.20 

14.45 34.15 48.55 

72-73 
73-74 
74-85 
85--88 

300 

Denver 1, Colorado, May 31, 1944 
The Colorado Assaying Company 
By Edmund Phillips 

Hockley Gypsum Company core hole No. 15 on John Warren Estate lease. 

Analyses: 
Feet from surface Combined 

From To Moisture so. Cao Insoluble H,O Total 

96 124 5.8 39.44 30.87 16.70 12.58 99.59 
124 134 0.0 45.11 32.66 4.95 19.10 99.85 
134 14-0 0.30 24.42 18.56 43.64 10.80 97.42 
140 169 0.5 43.70 32.99 4.05 18.75 99.49 
169 183 0.0 43.4-0 31.27 4.51 19.35 98.53 
183 195 0.45 45.34 33.74 4.4-0 15.88 99.36 
195 215 0.0 45.24 32.88 3.36 17.60 99.08 
215 230 0.15 50.78 33.92 7.50 4.25 96.45 
230 255 0.25 52.99 35.24 6.65 3.50 98.38 
255 275 0.0 53.99 35.69 3.60 4.55 97.83 

Houston, Texas 
September 17, 1928 

Mr. Howard Kenyon 
Houston, Texas 

Dear Sir : 
I submit herewith the results of chemical tests made by the Houston Laboratories, Houston, 

Texas, on five samples of gypsum taken from the Tidewater Gypsum Company's development 
shaft on the Hockley Dome, Harris County, Texas. 

Samples No. 1, No. 2, No. 3 and No. 4 were cut by me on September 11, from the walls of 
the shaft, while sample No. 5 represents an average of the samples held in the Foreman's office, 
and taken by him from the bottom of the shaft at the end of each day's work of shaft sinking. 

The following description of the shaft is necessary to understand the value of the samples 
taken: 
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Vertical two-compartment shaft, 163 feet deep, timbered and lagged to a depth of 127 feet, 
dimensions about 5 feet 8 inches by 12 feet 8 inches in the clear. Below the timbering the 
shaft has penetrated thirty.six feet of gypsum in a massive, unbroken bed. Entrance to the 
shaft is made with an electric hoist and prospector's bucket. The gypsum is very hard and 
was sampled with an air-cooled jackhammer. 

Sample No. 1. Cut from the four walls at the bottom of the shaft. 
Sample No. 2. Cut from three walls, eighteen feet above the bottom of the shaft. The fourth 

wall was inaccessible from the bucket. 
Sample No. 3. Cut from three walls of the shaft about two feet below the bottom of the 

timbering. Fourth wall inaccessible. 
Sample No. 4. This sample represents an average of cuttings taken every foot out of the two 

closer walls of the shaft, from the point where the timbering ends to the bottom of the shaft. 
Sample No. 5. Foreman's samples. 
Each sample was quartered and crushed until it was reduced to about one-half pound of 

powder and particles not over one quarter of an inch in size. 
The weights of the unquartered samples were approximately as follows: 

No. 1. Three pounds. 
No. 2. Three pounds. 
No. 3. Three pounds. 
No. 4. Fifty pounds. 
No. 5. One pound. 

Samples No. l, No. 2, and No. 3 were designed to compare by analyses the uniformity of 
the gypsum at three points throughout the thirty-six feet of its exposure; sample No. 4 to show 
the average analysis of the exposure; while sample No. 5 represents the average analysis of the 
exposure as made from samples taken by the Foreman. 

The results of these analyses show the exposure of gypsum in the shaft to be of an extremely 
pure quality. 

Attached Chemical Memo. 

Respectfully submitted by 
(signed) J. N. Gregory, Mining Engineer 

<W07 Montrose Blvd. 

Certificates of Analysis 

Submitted by Houston Laboratories, Houston, Texas 
September 17, 1928 

To J. N. Gregory, Houston, Texas 

Samples of GYPSUM Received from: 9-13-1928 
No. 1 No. 2 No. 3 No. 4 No. 5 

Sulphuric anhydride - ---------- 44.60 45.28 45.55 44.92 45.12 
Silica and insoluble ______________ 3.60 1.80 2.00 3.20 1.70 
Water of combustion ______________ 20.10 20.41 20.52 19.96 20.34 

Hypothetically combined: 
Gypsum -------------------- 96.15 97.70 98.28 95.50 97.36 
Anhydrite ------------- 0.0 0.00 0.00 1.05 0.00 
Silica and insoluble ______ 3.60 1.80 2.00 3.20 1.70 

Total ---------------------------- 99.75 99.50 100.28 99.75 99.06 
Per: F. R. Robertson 



FLUORSPAR IN TRANS-PECOS TEXAS 

GLEN L. EVANS 

INTRODUCTION 

Fluorspar deposits occur in association 
with Tertiary intrusive and volcanic rocks 
in the Eagle, Chinati, Quitman, and 
Chisos mountains of Trans-Pecos Texas. 
Commercial deposits have been demon
strated in only one of the districts--the 
Eagle Mountains of Hudspeth County
where production is now under way. The 
occurrences in other districts are not as 
well known and are at the present time of 
interest chiefly in that they indicate places 
of fluorspar mineralization which may lead 
to the discovery of other deposits. Ref
erence to some of the Trans-Pecos oc
currences was made by Baker1 in 1934. 
More recently, prospecting which resulted 
in small trial shipments of crude fluorspar 
brought attention to specific localities in 
the Eagle Mountains. 

Field work by the Bureau of Economic 
Geology on the deposits of the Eagle 
Mountains was first carried on in March 
and April of 1943. Subsequent studies 
in the Eagle Mountains and other districts 
were made during part of 1944-45. Pub
lished statements2 resulting from the 
earlier work called attention to the Eagle 
Mountains, particularly the Spar Valley 
area in the northern part of the moun
tains, as a district offering favorable pos
sibilities for commercial production of 
fluorspar. Following this initial work, 
mining and systematic prospecting were 
begun in the Spar Valley area. A field 
party of the U. S. Bureau of Mines test 
pitted several of the Eagle Mountain de
posits and outlined by core drilling the 
main commercial ore body now being 
mined in Spar Valley. Results of field 
explorations and ore-dressing tests by the 
Bureau of Mines have been discussed by 
Needham.• Geologists of the U. S. Geo
logical Survey, actively cooperating with 
the Bureau of Mines at this time, are car-

1Baker, C. L., Fluorite, in The Geology of Te:s.u, Vol. II: 
Univ. Teu1 Bull . 3401, p, 632, 1934 [1935). 

1Evant, C. L., Fluonpar depQeita iD the Eacle Mountain1 
of Hud1peth County, Texu : Ullfv. Te:s.H, Bur. Eco. Geol., 
Min. Rei. Cir. 26, Preliminary 1tatement, May 4, 1943; 
Detailed report with maps, 13 pp., June 21, 1943. 

'Needham, A. B., The Eagle Mountain .8uorepar district: 
Min. Joor., vol. 28, no. 6, pp. 7-8, Augu.1t JS, 1944. 

rying on studies of several mineralized 
areas in the Eagle Mountains. 

FLUORSPAR AS AN INDUSTRIAL MINERAL 

Fluorspar is an important industrial 
mineral which enters into the manufacture 
of a number of essential products, includ
ing steel, aluminum, and high-octane 
gasoline. The enormous wartime ex
pansion of fluorspar-consuming industries 
and the necessary curtailment of imports, 
which formerly have supplied an ap
preciable part of the national consump
tion, have made an unprecedented de
mand on domestic supplies. New mine 
developments are needed to help fill the 
growing national requirements. The pres
ent national consumption amounts to ap
proximately 400,000 tons annually. 

Fluorite and fluorspar are names ap
plying to the mineral compound calcium 
fluoride (calcium, 51.1 per cent; fluorine, 
48.9 per cent). Fluorite is the mineral
ogical name of the chemically pure 
compound, CaF., while fluorspar refers 
to the mineral of commerce containing 
some percentage of impurities. Fluorspar 
has a hardness of 4 and a specific gravity 
of between 3.01 and 3.25. It is a trans
parent to translucent mineral with vitreous 
luster and exhibits good cleavage in four 
directions. Fluorspar occurs in a wide 
range of colors including shades of green, 
purple, and yellow, as well as colorless 
varieties. Fluorspar is widely distributed 
in its occurrences, and important deposits 
are known in many countries. The prin
cipal producing nations are the United 
States, Germany, and the United Kingdom. 
Most of the production in the United States 
has been in the Rosiclaire and Cave-in
Rock districts of Illinois and Kentucky,• 
these districts constituting one of the 

'Publication• relating to these dietricta incltde the fol. 
lowing:: 

Baio, H. F., Floorspar depo1it1 of southern llioois: U.S. 
Geol. Suney Bull. 225, pp. 505-511, 1904; all!D printed as 
U.S. Geo} . Su"ey Bull. 255, 75 pp., 1905. 

Butio, E. S., The fluorspar deposits of Harlin and Pope 
counties, Illinois : lllinoia State Geol. Survey, Bull. 58, 116 
pp., 1931. 

Cunier, L. W., Fluorspar depo1its of Ke1tucky; a de· 
acriptioo and ioterpreta tion of the geologic o:currencea and 
industrial importance of the Kentucky 8uora,ar : Kentuclty 
GeoI. Survey, eer. 6, vol. 13, 198 pp., 1923. 
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greatest fluorspar-producing regions in the 
world. A substantial part of the national 
production, however, comes from Colo
rado, New Mexico, and other western 
states.• Texas deposits were not opened 
on a commercial basis until 1943; con· 
sequently the total production has been 
relatively small. Production from the 
Eagle Mountain district of west Texas dur
ing the past two years is approximately 
6000 tons. 

Production of fluorspar on a commer· 
cial scale was started in the United States 
about 1870, although mining had been 
attempted at different times in Kentucky 
and Illinois from as early as 1835. Until 
1888, when basic open-hearth steel pro· 
duction was begun in the United States, 
fluorspar was consumed mostly in the 
manufacture of hydrofluoric acid, glass, 
and enamels, and the annual requirement 
amounted to only a few thousand tons. 
Since 1888 the growth of fluorspar in
dustry has been to a large extent a con
comitant of the growth of the basic open· 
hearth method of steel making in which 
process fluorspar serves as a flux and as 
an aid in the control of such objectionable 
elements as sulphur and phosphorous. 
About three-fourths of the domestic 
fluorspar is consumed in the basic open· 
hearth steel furnaces. Relatively small 
quantities are also used in other metal
lurgical processes, such as in certain 
electric furnaces, in iron foundries, and in 
smelting ores of gold, silver, copper, lead, 
and zinc. 

In addition to the metallurgical field, 
important uses for fluorspar are in the 
chemical, glass, and enamel industries. 
Fluorspar is the basic raw material used 
in making hydrofluoric acid which, with 
its derivatives, enters important! y into 
various industries. One of the more im
portant hydrofluoric acid derivatives is 
synthetic cryolite, used in the metallurgy 
of aluminum and in the manufacture of 

tiPublicatiom rolc.tio1 to theae di1trict1 include the fol· 
lowing : 

Allen, M. A., and Butler, G. M. . Fluor.par: UniT. 
Arizona, Bun. 114, 19 pp., 1921. 

Aurand, H. A., Flnonpar deposit• of Colorado: Colondo 
Geol. Survey, Bull. 18, 94 pp., 19'l0. 

Burchard, E. F ., Fluorapar deposits in western United 
Statet (with cli1cu11ion): Trana. Amer. Inst. Min. Met. 
Eng:., vol. 109, ?P• 37~396, 1934. 

Johnston, W. D., Jr., Fluorapar in New Mexico : New 
Mexico Bur. Miae1 and Min. Rea., Bull. 4, 128 pp. 1928. 

See alto nrhua Annual Reports and Information. Cir· 
cul.a of the U.S. Bureau of Mi.net. 

enamels and insecticides. Comparatively 
new developments which employ acid 
fluorspar are certain successful refrigerants 
and a process for production of high
octane gasoline. 

Grades and treatment.-Fluorspar is 
marketed in four commercial grades: 
metallurgical, ceramic, acid, and optical. 
The grade is based upon mineral and 
chemical content and upon the particle 
size range of the material. A small per
centage of raw fluorspar now being mined 
is a merchantable product, but by far 
the greatest amount requires some kind of 
finishing treatment before it can be 
marketed. Metallurgic grade, known also 
as gravel fluorspar, is quantitatively by 
far the most important, requiring some 
70 to 75 per cent of the total fluorspar 
consumed in this country, while most of 
the remaining consumption is of acid and 
ceramic grades. The rate of consumption 
of acid-grade fluorspar recently has been 
increasing more rapidly than other grades 
due largely to the rapid expansion of the 
aluminum and high-octane gasoline manu· 
facturing industries. Optical fluorite has, 
of course, a comparatively restricted 
market. 

Metallurgical-grade fluorspar is usually 
marketed in particle sizes passing the 1-
inch square screen and retained on 20-
mesh screens. The tolerance of fines, or 
particles passing the 20.mesh screens, is 
usually placed at 15 per cent. The steel 
trade generally requires material contain· 
ing 85 per cent calcium fluoride and not 
more than 5 per cent silica, hut lower 
grade material is often accepted. The 
material must be free of or very low in 
such objectionable impurities as sulphides 
and barite, but calcium carbonate is not 
objectionable except as a diluent of the 
fluorspar. The finishing of raw fluorspar 
to metallurgical grade requires crushing 
to size, sorting, and washing. The treat
ment may be a simple or an elaborate 
operation, depending upon the character 
of the raw fluorspar and to some extent 
upon the volume being handled. 

Acid-grade fluorspar generally requires 
a content of not less than 98 per cent 
calcium fluoride and not more than 1 per 
cent each of silica and calcium carbonate. 
Other impurities in any but minute quanti· 
ties are highly objectionable. The acid 
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market accepts both lump and ground 
material. The lump consists of hetero· 
geneous sizes of highly pure fluorspar, 
usually hand sorted from lower grade 
material at the mines or mills. Ground 
fluorspar or acid grade is the refined prod
uct, by flotation or other milling, of lower 
grade ore. 

Ceramic-grade fluorspar is marketed in 
medium and finely ground form. The 
required content of calcium fluoride, al
though somewhat variahle in different 
markets, is usually 95 per cent or more. 
Silica is not objectionable if present in 
not more than 2 to 3 per cent, and calcium 
carbonate should be less than 1.5 per cent. 
Iron, sulphur, lead, and zinc are extremely 
objectionable impurities. Unlike metal
lurgical and acid grades, ceramic grade 
must be practically snow-white for use in 
both glass and enamels. All ceramic-grade 
fluorspar requires mill treatment to obtain 
the necessary chemical standard and re
quired state of fineness. 

Optical fluorite must be in lumps or 
crystals large enough to allow removal of 
pieces of flawless mineral having a mini· 
mum diameter of one-fourth of an inch. 
Optical grade is usually perfectly clear 
but is sometimes accepted with very faint 
color tints. Clouded and even minutely 
fractured specimens are of no value opti
cally, and consequently great care must 
be exercised in collecting and packing to 
prevent ruining the specimens. While the 
market for optical fluorite is extremely 
small as compared to that for other in· 
dustrial grades, the occurrence of good 
optical-grade crystals is correspondingly 
rare. Optical fluorite commands a high 
price which iustifies the great care neces· 
sary in its selection and handling. 6 

THE EAGLE MOUNTAIN DISTRICT 

The Eagle Mountains lie between the 
Rio Grande and the Southern Pacific Rail
road in southeastern Hudspeth County, 
Texas, about 20 miles southwest of Van 
Horn and 120 miles southeast of EI Paso. 
The mountains are rugged and sparsely 

OFor a comprehensive treatment of the ftuorspar induatry 
.ee: Hatmaker, Paul, and Davis, H. W., The fluorapar in· 
duetry of the United St1Uee with special reference to the 
lllinois-Kentucky district: Illinois State Geol. Survey, 
Bull . 59, 128 pp., 1938. 

For a abort general diacussion see: Burchard, E. F., 
Fluorepar and cryolile, in Industrial Minerals and Rocks, 
Amer. Inst. Min. Met. Eng., New York, pp. 283-302, 1937. 

covered with vegetation. Eagle Peak, the 
highest point in the mountains, is slightly 
over 7500 feet above sea level, while the 
surrounding lowlands range from about 
3200 feet in the Rio Grande to the south 
to about 4400 feet on the surface of the 
bolson north of the mountains. 

Geologically the Eagle Mountains con· 
sist of a central topographically prom· 
inent mass of Tertiary intrusive and ex· 
trusive rocks, bordered in part by ridges 
of Lower Cretaceous sedimentary strata 
and in part by late alluvium of large fans 
and high pediments which overlap the 
older strata of the mountain flanks. Lime
stones of Permian age and pre-Cambrian 
metamorphic rocks outcrop in limited 
areas on the northern fringe of the 
mountains. The fluorspar deposits now 
known are confined to the Cretaceous rocks 
and the Tertiary volcanics. 

The Cretaceous sedimentaries7 flanking 
the central igneous mass consist of thick 
sandstones locally altered to quartzites, 
limestones, and some shale. Dikes and 
sills of rhyolitic composition invade, and 
locally considerably disrupt, the sedi
mentary beds, particularly in the north
east and eastern parts of the mountains. 
The prevailing structural trend of the 
Cretaceous beds is northwest-southeast, 
with southwest dips ranging from 20 to 
60 degrees. Local structural conditions 
produce marked variations in the normal 
structure. Structural deformation is much 
less pronounced in lava flows overlying 
the Cretaceous. 

The intrusive rocks of the Tertiary 
eruptive series range in texture from 
a phanitic to coarse porphyritic and are 
dominantly rhvolitic in composition. 
Well-formed sills 2 to 15 or more feet 
thick extend outward into the Cretaceous 
sedimentaries for considerable distances 
from the central igneous mass. Intrusives 
along the inner margin of the sedimentary 
rocks, particularly those invading lime
stone sections, may be of large irregular 

'For discussion of the Cretaceou11 11tratigrapby of the 
Eagle Mountain 11ection, 11ee the following: 

Baker, C. L.. Exploratory geology of a part of south· 
we11tem Trans-Pecos Texas: Univ . Texas Bull. 2745, 68 pp., 
1927. 

Smith, J. P., Jr .• Stratigraphy and structure of the Devil 
Ridge area, Texas: Bull. Geol. Soc. Amer., vol. 51, pp. 
597~38, 1940. 
--- Geology of the Eagle Spring area, Eagle Moun

tains, Hudspeth County, Texas : Field and Lab., Yol. 9, 
pp. 70-79, 1941. 
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form as well as in dikes and sills of com· 
paratively regular dimension. 

The extrusive rocks of the series form· 
ing the higher central part of the moun
tains consist largely of flows, with some 
agglomerates and tuffs. The flows range 
from acidic to semi-basic in composition 
and from glassy and aphanitic to por
phyritic in texture, porphyries being most 
common. The earliest flows are quite 
acidic and are succeeded by increasingly 
basic lavas, as was pointed out by Baker.• 
The exact age relationships between the 
extrusive and intrusive phases of the vol
canic series have not been established, but 
it is probable that they were in part 
concurrent. The intrusives associated with 
the fluorspar deposits are acidic in com
position and hence presumably belong to 
earlier eruptive stages. 

MINERALIZATION AND TYPES OF DEPOSITS 

Mineralization of fluorspar and asso
ciated introduced minerals was a late phase 
of the Tertiary igneous activity which pro· 
duced the Eagle Mountains and was 
possibly later than any of the volcanic 
rocks now preserved in the mountains. 
Mineralization was controlled to a large 
degree by a northeast-trending fracture 
system which cuts both the Cretaceous and 
Tertiary rocks and which affects most or 
all of the area of the Eagle Mountains. 

The fluorspar deposits were formed by 
simple open-space filling in veins and 
fracture zones and by replacement of 
limestone beds along faults or fractured 
area in near proximity to intrusive masses. 
The space-filling deposits are most com
mon, but replacement deposits appear 
more important as commercial ore bodies. 
All the fluorspar deposits examined by the 
writer lie within an area 6 miles wide and 
7 mile~ long and are within various sec
tions of block 68, township 9, Hudspeth 
County. References in this paper to land 
sections apply to this block and township 
except where otherwise stated. Figure 58 
shows location of fluorspar deposits in 
this block. 

Space-filling deposits. - Fluorspar de
posits formed by open-space filling are 
particularly characteristic in the parts of 
the veins of the northeast-trending frac-

8Baker, C. L., op. cit .• p. 34. 

ture system which cut porphyries and 
quartzites. Some space filling by fluor
spar also undoubtedly took place in the 
parts of the mineralized veins cutting lime
stones, but in such places replacement of 
the limestones was usually the dominant 
mode of mineralization. The individual 
veins of the fracture system can be traced 
on the surface from a few hundred to 
several thousand feet. Some of the veins 
have simple form along parts of their trace 
where they usually have at least one well
defined, slickensided wall but pass later
ally into more complex linked veins or 
breccia zones up to 30 or more feet in 
width which are usu111ly without distinct 
vein walls. Divided or branching veins 
were seen at two localities about l 1h miles 
southeast of Eagle Peak and probably 
occur elsewhere. 

The gangue of the vein deposits con
sists of angular fragments and "horses" 
of country rock and introduced silica. 
Small amounts of iron hydroxide are also 
usually present. Silica, mainly in mas· 
sive form but with some drusy quartz, is 
everywhere associated with the fluorspar 
but in ratios varying from place to place. 
Highly siliceous vein segments form con· 
spicuous dike-like ridges on the topog· 
raphy. Rather intimate intermixtures of 
silica with fluorspar are commonly seen 
and indicate simultaneous deposition of 
both minerals. 

The veins or breccia zones are not con· 
tinuously or uniformly mineralized. Vein 
segments of considerable length may be 
barren or contain only sporadic small 
lentils and thin seams of fluorspar, while 
larger bodies containing a higher ratio 
of fluorspar are limited to much more 
localized segments where fracturing ap· 
pears to have been more intense and the 
percentage of open-space filling was much 
greater than average. It is evident that 
workable ore bodies formed by space 
filling in veins cutting the non-reactive 
Tertiary porphyries and Cretaceous 
quartzites can be expected only in shoots 
or other localized forms rather than in 
the extensive tabular bodies often implied 
by the term "vein deposit." Space-filling 
deposits are known at localities in sections 
8, 9, 35, 36, 38, 44, 45, 46, and 48, and 
probably also occur at other localities in 
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the Eagle Mountains. Some of these de
posits are described in this paper under 
"Description of deposits." 

Replacement deposits.-Fluorspar de
posits formed by replacement of Creta
ceous limestone occur along or near the 
contact of the limestones with intrusive 
rhyolites at several places in the north and 
northeastern parts of the Eagle Mountains. 
The replacement deposits have formed 
along faults and in fractured zones. In
asmuch as the intrusive bodies antedate 
lluorspar mineralization, the proximity of 
the deposits to the igneous bodies is prob-

ably due to fracturing of contacting lime
stones by stresses accompanying the in
trusive action which rendered the lime
stones more susceptible to replacement 
mineralization. Replacement ore bodies 
may be in the form of mantos where they 
conform to the structural attitude of selec
tively replaced beds, or they may cut 
across bedding when controlled by dis
cordant veins or fractures in and along 
which replacement and open-space filling 
have taken place. The replacement de
posit now being mined on section 35 in 
the Spar Valley area is a composite of both 
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types, although in this deposit only the 
mantos are of proven commercial size. 
A replacement deposit cutting across bed
ding is now being prospected on section 
27. The presence or absence of manto 
type replacement in this latter deposit has 
not yet been demonstrated. 

The gangue of the replacement fluorspar 
bodies consists of unreplaced host rock, 
clayey gouge, and introduced minerals. 
Silica occurring as a fine-grained replace
ment in the limestones is the most 
abundant and persistent accessory min
eral. Iron hydroxide as earthy masses and 
thin. encrustations is also commonly pres
ent m small amounts. Calcite and some 
siderite are locally abundant but may be 
alteration products of limestones, as they 
appear to be rare or absent from the 
porphyry vein deposits. Sulphides of the 
met!lls and common sulphates such as 
bante and gypsum are either absent or 
present in only minute quantities in the 
deposits which have been opened to date. 
However, a small amount of smithsonite 
(zinc carbonate) was found in close as
sociation with fluorspar at a small mine 
on section 8 near Eagle Spring, which 
suggests the possibility of associated 
primary metallic sulphides with fluorspar 
below the zone of oxidation. Some pyrite 
and pyrite pseudomorphs have been found 
associated with porphyry sills in Spar 
yalley. This suggests that the iron hydrox
ides common to the fluorspar deposits 
ma3'.' have been derived from hypogene 
pyrite. 

The limestone replacement deposits 
characteristically form poor exposures due 
to their fractured and weakly resistant 
character. Low ridges and rounded 
boulders of the more siliceous portions 
of the deposits and ha.rd, unreplaced 
blocks of limestone tend to monopolize 
the outc~op, while the higher grade and 
more fnable parts of the deposit are 
usually covered by residuum and talus. 
The deposits which have been opened show 
the effects of weathering, with apparent 
empoverishment of fluorspar, to depths 
ranging from a few feet to more than 30 
feet. This highly weathered, near-surface 
zone usually consists of soft, gray, decom
posing limestone resembling caliche and 
iron oxide·stained clayey residuum con-

taining pellets and boulders of fluorspar 
and silica. 

Replacement deposits occur in the Spar 
Valley area mainly in the north part of 
section 35, near Eagle Spring in the north
east corner of section 8, and at prospects 
situated in sections 26, 27, and 48. Some 
of the deposits are described in succeeding 
paragraphs. 

DESCRIPTION OF DEPOSITS 

Spar Valley area, section 35.-The most 
important ore body in the Eagle Moun
tains outlined to date is a replacement 
deposit now being mined by the Western 
Fluorite Company (No. 1 workings) in 
the north part of section 35 on the south 
side of Spar Valley (fig. 59). The devel
oped portion of the deposit consists of two 
replaced beds, or possibly one bed with a 
faulted repetition, each about 8 feet thick. 
The replaced beds, or mantos, are sepa
rated by 4 or 5 feet of kaolinized gouge 
and breccia apparently formed by bed
ding plane faulting. 

Replacement extends along the strike 
of the limestone beds for several hundred 
feet but is most concentrated in a relatively 
narrow zone of small fractures which cuts 
the limestone section approximately at 
right angles to their strike. The deposit 
lies in a section of limestone strata into 
which a large, irregular, sill-like porphyry 
mass and a number of smaller sills and 
dikes have been intruded. The fluorspar 
mantos occur a short distance beneath the 
base of the large porphyry mass and are 
separated from it by unreplaced, partially 
decomposed limestones or marls. Sedi
mentary beds, mainly limestones and 
quartzites, with some intrusives underlie 
the manto horizon. Within the limits of 
the mine workings, the sedimentary strata 
and the fluorspar mantos dip southwest· 
ward at 40 to 45 degrees. 

The manto ore body has been outlined 
a~ove the 2~0-foot level (down-dip dimen· 
s10n) by mme development and core drill· 
ing. Bureau of Mines engineers9 estimated 
the outlined deposit to contain about 
30,000 tons of ore averaging 45 per cent 
CaF 2• Possibilities of extensions of the 
deposit in deeper lying mantos and veins 
along the fractured zone have not been 

DNeedham, A. B., op. cit. 
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Fig. 59. Geologic map of the Spar Valley area, Eagle Mountains, Hudspeth County, Texas. 

fully explored. Although most of the 
raw fluorspar iin the deposit requires 
milling to bring it to a commercial grade, 
local minable concentrations will meet 
metallurgical requirements. Some 4000 
tons of metallurgical-grade material were 
produced through selective mining during 
the first two years of recent development 
operations. 

Develo pment--Mine development to 
date has been mainly in the lower manto 
ore body. The hoisting shaft follows the 
lower manto down dip for approximately 

200 feet where the fluorspar terminates 
against an intersecting fault or a steep roll 
in the bedding plane fault. Drifts extend 
in both directions from the bottom of the 
shaft along the lower limits of the ore 
body. At higher levels there are several 
hundred feet of irregularly spaced drifts, 
raises, and wenzes which were made in 
selectively mining local concentrations of 
meta II urgical-grade material. 

A mill consisting of jigs and flotation 
units has been installed in Spar Valley 
for concentrating the raw fluorspar from 
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the No. 1 mine and other deposits being 
developed in the Eagle Mountains. 

Other replacement deposits in Spar 
V alley.-A limestone replacement deposit, 
previously described as the Red Pit local
ity, 10 is located about 1100 feet southeast 
of the No. 1 workings described above. 
This deposit has been prospected to some 
extent, but no mining development has 
been done. The exposed fluorspar-bearing 
rock is in massive, dislocated blocks en· 
closed in iron-stained clayey residue, and 
in some partially replaced limestones, still 
in place, which form very limited outcrops 
in the immediate area. The fluorspar is 
rather dense to granular in texture and is 
intimately intermixed in a siliceous 
groundmass. The grade of the near· 
surface fluorspar is indicated by a carload 
experimental shipment from a prospect 
pit in the deposit which is reported to 
have contained 50.22 per cent CaF2• The 
shipment, however, may have been sorted 
from lower grade material and conse· 
quently may not be representative of the 
average surface grade. Underground 
prospecting beneath the zone of surface 
weathering and alluvium will be necessary 
to determine the extent and quality of the 
deposit. Inasmuch as highly siliceous 
fluorspar rock, such as is found on the 
outcrop, is much more resistant to both 
mechanical and chemical weathering than 
high-grade or calcareous-bonded fluorspar, 
it is possible that better grades will be 
found beneath the weathered zone. 

Two other undeveloped replacement 
fluorspar deposits in Spar Valley are 
located respectively about 1250 feet west 
of No. 1 workings on the south side of 
Little Spar Creek and 700 feet north of 
No. 1 workings on the north slope of Spar 
Valley. Both deposits occur in fractured 
zones cutting Cretaceous limestones. 
Further prospecting may disclose work· 
able reserves of fluorspar in either or 
both, particularly if they are worked in 
conjunction with other mining operations 
in the area. 

No. 2 workings, section 35.-Fluorspar 
formed by space filling occurs in a breccia 
zone along a fault (see fig. 59) trending 
northeast and dipping southeast in the 
Spar Valley area. Some development 

10Evan1, G. L., op. cit., pp. 9--10. 

work on an ore body within this vein has 
b~en undertaken at No. 2 workings about 
1000 feet west of No. 1 workings. This 
deposit is in a part of the vein cutting 
rhyolite porphyry and has an average ex
posed width of 4 to 5 feet. The fluorspar 
is in a gangue consisting of brecciated 
rhyolite, introduced silica, and some iron 
hydroxide. The deposit contains a higher 
percentage of fluorspar than most of the 
exposed rhyolite vein deposits. It is prob
able that most of the raw fluorspar will 
require milling to bring it to a commercial 
grade, but several carload shipments of 
metallurgical fluorspar have been made 
from selective mining during the course of 
mine development. Mine development to 
date consists of a shaft about 80 feet 
df!ep with drifts extending in both direc
tions on the vein. The horizontal and 
vertical limits of the deposit have not been 
reached in the mine workings; conse· 
quently the size of the ore body is unde
termined. Fluorspar mineralization can 
be seen for several hundred feet along the 
vein outcrop. The surface width of the 
mineralized zone reaches 10 or 12 feet but 
pinches in both directions along the vein. 

Another mineralized vein or breccia 
zone striking northeast and ranging in 
width from 4 to 8 feet outcrops on the 
north slope of Spar Valley. This zone is 
shown near the center of the north side of 
figure 59. The strata cut by the vein, 
which outcrop on a high north-facing 
bluff just north of Spar Valley, include 
several hundred feet of Cretaceous sand· 
stones with some rather thin impure lime· 
stones and altered shales. Two or three 
sills of fine-grained rhyolite invade this 
Cretaceous section. The southwest ex· 
posed end of the breccia zone is mineral· 
ized mainly by silica with subordinate 
fluorspar, but the fluorspar ratio increases 
toward the northeast and predominates 
over silica in the vicinity of the faulted 
off-set of the vein. A prospect shaft 40 
or 50 feet deep has recently been sunk 
on this deposit at a point near the north 
end of the breccia zone shown in figure 59. 
The fluorspar exposed in the prospect is 
probably too low in grade for commercial 
development. 

South of the Spar Valley area in sec· 
tion 35 and in the adjoining section 38 
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Fig. 60. Geologic map of area near Eagle Spring, Hudspeth County, Texas. 

are other similar mineralized breccia zones 
on which some prospecting has been done. 

Eagle Spring area, sections 8 and 9.
Several occurrences of fluorspar are known 
in the vicinity of Eagle Spring and the 
old Eagle Spring stage stand in the north
east part of section 8 and northwest part 
of section 9. The deposits represent both 
replacement and space-filling types of 
emplacement in Lower Cretaceous sedi
mentary rocks, which are here cut by at 
least two stages of Tertiary intrusives. 

A small replacement ore body located 
in section 8 about one-fourth of a mile 
southwest of the Stage Stand Monument 
has been mined to some extent, resulting 
in the production of several hundred tons 
of raw fluorspar. The deposit occurs in 
both sides of a fine-grained rhyolite dike 
which follows a small east-trending dip 
fault cutting both older Tertiary intrusives 

and Cretaceous sedimentary rocks. Figure 
60 shows the surface geologic conditions 
in the immediate area of this deposit. The 
fluorspar occurs along the contacting sur
faces of the dike with the broken ends of 
an intruded limestone member. The de
posit dips westward at 20 to 25 degrees 
following the structure of the limestone. 
The fluorspar is most concentrated in 
narrow zones 1 to 4 feet wide adjacent 
to the dike walls, but on the south side 
replacement in one thin bed of the lime
stone member extends for at least 30 feet 
outward from the dike. The mine work
ings consist of two inclined shafts 100 to 
120 feet deep which follow the fluorspar 
deposit down dip to its terminations. 
Minor workings made in recovering 
pockets of high-grade fluorspar locally 
extend upward and outward from the 
shafts. The mined fluorspar was sold 
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without benefit of mill treatment for 
metallurgical purposes. 

Other fluorspar occurrences are exposed 
near the mined deposit both south and 
east of the area shown in figure 60. Test 
trenches dug on some of these deposits by 
the U. S. Bureau of Mines and by private 
interests do not reveal indications of com· 
mercial ore bodies. 

Deposit on section 27.-A fluorspar 
deposit formed in part by replacement 
and in part by space filling occurs in a 
vein cutting Cretaceous limestones in sec
tion 27. The mineralized vein is exposed 
for only a short distance on the east slope 
of a large arroyo where a prospect shaft 
is now being sunk. Within a short dis
tance eastward from the shaft the fluorspar 
pinches and dies out on surface exposures, 
and within a short distance westward the 
vein passes beneath valley alluvium. 

At the exposures in and near the shaft, 
the vein strikes N. 85° E. and dips south
ward at about 80 degrees. The strata of 
the immediate surrounding area dip south
westward at about 20 degrees, but the dips 
appear to steepen considerably along the 
north vein wall. The steepening dips are 
probably due to faulting along the vein. 
Some broken and granulated fluorspar 
along gouge streaks within the deposit 
indicate some post-mineral movement 
along the fault. 

The ore body exposed in the shaft is 8 
feet wide and consists of several irregular 
veins of high-grade, green and white 
fluorspar in lower grade material made 
up mostly of partially replaced limestone 
blocks and of fragments and fine-grained 
clayey matrix. This deposit appears to be 
much lower in introduced silica than is 
usual in the Eagle Mountain deposits. 
Most of the fluorspar will require mill 
treatment to bring it to commercial grades. 

Although it is not possible to determine 
the size of the ore body from surface 
exposures and present workings, it is prob
able that the vein deposit will continue to a 
considerable depth, as a thick section of 
limestones, which are known to be favor
able host rocks, normally underlies the 
exposed horizon. It is also possible that 
manto ore bodies may have formed near 
the vein in some of the underlying lime
stone members. 

Deposit on section 26.-An occurrence 
of fluorspar formed by limestone replace
ment is exposed in a small area in the 
bed and on the south bank of an arroyo 
which follows the base of a high, northeast· 
facing quartzite hogback in section 26. 
The fluorspar is associated with an irregu. 
Jar-shaped rhyolite intrusive lying in or 
near the contact of the quartzites with 
overlying limestones. Strata in the gen
eral area strike northwest-southeast and 
dip southwestward at about 45 degrees, 
but the exposed rocks immediately bor
dering the intrusive have been so disturbed 
that their normal structure is not apparent. 
Prospect pits made by the Bureau of 
Mines on the east end and north side of 
the intrusive reveal only dislocated rock 
material of mixed character including 
large and small blocks of fluorspar
replaced limestone. 

Although no fluorspar ore body has 
been found in place at this locality, the 
presence of large blocks of replacement 
fluorspar among disrupted limestone and 
weathered rock material suggests the pres
ence of a concealed near-by manto de
posit. Further prospecting of the local
ity is justified, particularly on the un
explored south side of the intrusive where 
limestone strata should be found in place 
beneath the alluvial covering. 

Deposits in section 44.-Fluorspar 
occurs as a space-filling deposit in brec
ciated Cretaceous quartzites and to some 
extent in Tertiary porphyries near the 
center of section 44 in the southwest part 
of the Eagle Mountains. The deposit out
crops on the crest of a high bluff on a 
long southwest-trending ridge where a 
higher ridge segment terminates abruptly 
onto a lower ridge extending some three
fourths of a mile farther southwest. The 
area of sedimentary rocks in which this 
deposit occurs, and one or more similar 
areas in the vicinity, is completely sur
rounded by Tertiary porphyries. Work 
has not advanced far enough to determine 
whether these sedimentary areas are in· 
liers or large roof or sill pendants. 

The mineralized zone, which from sur
face indications appears to be quite large, 
is a complicated group of fractures with 
local intrusives and breccia dikes. The 
fluorspar is irregularly distributed through
out the fractured zone as interlaced filled 
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veinlets and crystal-lined openings. A part 
of the exposed fluorspar is of a grade 
susceptible to commercial mill treatment, 
but in much of the deposit the percentage 
of host rock is too high for commercial 
handling. The complex nature of this 
deposit and the 1 ack of sufficient natural 
exposures make trenching and under
ground prospecting necessary in determin
ing the size of the deposit and the ex
istence of any minable ore bodies which 
may be present. 

In addition to the above described de· 
posit, there are several other occurrences 
of fluorspar in section 44. One of these 
is a vein deposit cutting a limestone inlier 
or pendant on a low north-projecting spur 
of the high ridge about one-fourth of a 
mile northward from the large breccia 
zone deposit. Trenches have been dug at 
intervals along several hundred feet of 
the vein outcrop. Some of the trenches 
expose high-grade fluorspar in beds up to 
3 feet thick; others show only minor 
fluorspar in broken and partially decom
posed host rock. 

Other occurrences in breccia veins 
trending N. 50° E. to N. 85° E. and cutting 
Tertiary porphyries are known in the 
eastern part of section 44 and also in 
sections 45 and 46. Local fluorspar con· 
centrations in some of these veins may be 
found, upon more adequate study, to be 
worthy of underground prospecting. 

Deposits in sections 37 and 48.-Fluo_r· 
spar occurs in sections 37 and 48 m 
several east- and northeast-trending frac· 
tures and faults in Cretaceous limestones 
which have been intruded by several sills 
and dikes. The deposits outcrop on the 
crest and sides of a northeast-trending 
ridge following the east side of a large 
arroyo about three-fourths of a mile east· 
ward from the Wilbank ranch head· 
quarters. The exposed parts of the de
posits are irregular in width, and in most 
places the fluorspar is associated with a 
high percentage of introduced silica. A 
prospect pit about 20 feet deep dug on one 
fluorspar outcrop in section :48. re~eals 
some high-grade fluorspar w1thm iron
stained, decomposing rock material ap· 
parently derived from impure limestones. 
Other prospect pits in section 37 similarly 
reveal only small and irregular deposits. 
The deposits are of interest chiefly because 

they occur in a limestone section where 
there is a possibility that certain favorable 
beds may have been replaced, forming 
workable manto deposits. 

OTHER DISTRICTS 

As stated in the introduction, fluorspar 
occurrences are known in several places in 
Trans-Pecos Texas other than in the Eagle 
Mountains. Occurrences in the Chisos 
Mountains of southern Brewster County 
reported by Bakeru have not been ex· 
amined by the writer. Two occurrences 
which have been examined, located respec
tively in the Chinati Mountains of Pre· 
sidio County and in the Quitman Moun· 
tains of Hudspeth County, are worthy of 
brief description. 

Chinati Mountains, Presidio County.
Fluorspar occurs as an accessory mineral 
with partially oxidized sulphide ores of 
lead and zinc in the Canyon mine (Burny 
prospect) located in section 38, block 6, 
F. H. & S. P. Railway Company survey, 
on the northwest side of San Antonio 
Canyon in the Chinati Mountains of Pre· 
sidio County. The deposit occurs in an 
east-west fissure vein in granodiorite 
porphyry of Tertiary age. The fluorspar 
occurs in nearly pure crystalline masses 
from a few inches to 2 feet in thickness 
along the fissure walls, as well as in pockets 
and interlaced veinlets within the main 
body of ore and vein material. The 
fluorspar-bearing ore deposit has been 
developed for its metallic minerals by a 
shaft 200 feet deep from which drifts have 
been driven in both directions on the vein, 
and by an adit which follows the vein into 
a hill from a level slightly above the 
collar of the shaft. 

The fluorspar in this deposit could not 
be produced commercially except as a by
product of the metallic ores. . Some of the 
thicker masses of fluorspar rmght be prof
itably hand sorted during the course of 
mining operations, but the recovery of any 
considerable percentage of the fluorspar 
present in the vein in a for~ fre~ of sul· 
phide impurities would reqmre mill treat· 
ment. 

Quitman Mountains, Hudspeth Coun_ty. 
-Fluorspar occurs in a northeast·trendmg 
sheeted vein cutting Tertiary volcanic 

llBaker, C. L., op. cit. 



238 The University of Texas Publication No. 4301 

rocks on the east slope of the Quitman 
Mountains 8 miles south and 4 miles 
west of Sierra Blanca. The deposit is in 
the northeast corner of section 21, block 
631h, Public School Lands, Hudspeth 
County. The deposit has been prospected 
to some extent by a shallow shaft and by 
test pits which expose the vein at intervals 
over a distance of several hundred feet 
along its trace. One or two trial lots of 
metallurgical fluorspar were shipped from 
the prospect shaft. In a shallow cut at 
the shaft where the vein is well exposed, 
fluorspar occurs in a number of thin, 
nearly parallel veins over a total width of 
about 15 feet. These fluorspar veins, 
which are most closely spaced on the foot· 
wall or northwest side of the sheeted zone, 
are separated by unaltered or slightly 
altered host porphyry. The high ratio of 
host rock to fluorspar apparently ac
counts for the lack of further develop· 
menl 

Central Texas deposits.-ln addition to 
the Trans-Pecos deposits, fluorspar also 
occurs at several places in the Llano 
region of central Texas. Some of these 

central Texas occurrences in the Spring 
Creek area of Burnet County have been 
discussed by Barnes.12 

CONCLUSION 

Fluorspar mining begun on a com· 
mercial scale in the Spar Valley and Eagle 
Spring areas of the Eagle Mountains in 
1943 stimulated interest and prospecting 
activity in the Eagle Mountain district. 
This activity has resulted in the discovery 
of a number of new deposits, most of 
which are as yet known only from outcrop 
indications or by minor prospect work· 
ings. Some of the undeveloped deposits 
show evidence of strong mineralization and 
are favorably situated in respect to local 
geologic conditions and may prove to be 
minable deposits. The actual proving of 
commercial ore bodies and computation 
of minable reserves, however, involve ex· 
pensive and time-consuming metho~ of 
underground exploration such as core 
drilling and shaft sinking. 

12Bames, V. E., Preliminary reconnaiuance repGrt OD 
fluorite in the Spring Creek area of Burnet Ceunty, Tena: 
Univ. Texas, Bur. Eco. Ceol., Min. Res. Cir. 27, ' pp., 
May 31, 1943. 



DIATOMITE IN THE HIGH PLAINS REGION OF TEXAS 

GLEN L. EVANS 

Diatomite, or diatomaceous earth, oc
curs in several widely separated localities 
in the High Plains region of west Texas. 
Reference to occurrences in Crosby and 
Dickens counties was made by W. F. 
Cummins1 in 1892 and by subsequent 
writers in reports dealing with the Blanco 
beds of Crosby County. In the course of 
field work carried on in recent years by 
Grayson E. Meade and the writer, further 
observations have been made of the Crosby 
County deposits, and new deposits, an
nounced in 1944,2 have been discovered 
by them in Armstrong, Ector, Lamb, and 
Hartley counties. This paper describes 
the several known deposits so far as pres
ent knowledge permits and discusses pos· 
sibilities of commercial production. 

Diatoms are unicellular aquatic plants, 
both the living and fossil forms of which 
are almost universally distributed. Dia· 
toms grow profusely in both fresh and 
salt waters, and under favorable condi· 
tions accumulations of the siliceous diatom 
skeletons may form large diatomite de
posits. Diatomite is an extremely light 
weight, friable material, weighing when 
dry only 15 to 40 pounds per cubic foot 
in its natural compacted form. The low 
apparent specific gravity is due to the great 
proportion of void spaces between and 
within the individual skeletons. In com
position diatomite is predominantly opa
line silica, but smaller quantities of 
organic matter and compounds of such 
elements as calcium, aluminum, and mag· 
nesium are present in almost all deposits. 
In a dry and nearly pure state diatomite 
is white, ivory, or light gray in color, but 
darker shades resulting from contained 
impurities are also common in unrefined 
material.• 

1Cumm.ins, W. F., Report on the geography. topography, 
and 1eology, of the Llano Estacada or Staked Plaine, '!"ith 
notes on the geology of the country west of the plam1; 
Teua Geol. Snney, 3d Ann. Rept., 1891, pp. 143-144, 1892. 

'Enne, G. L. , Diatomite in the High Plains region of 
Toui: Univ. Tens, Bur. Eco. Geol., Min. Rea. Cir. 32, 5 
pp., July 27. 1944. 

'lleferencee consulted in the preparation of this paper 
are: Calvert, Robert, Diatomaceous earth: Amer. Chem. 
Soc., Mon. Ser. 52, 1930; and Cumins, A. B., and Mulryan, 
Henry, Diatomite, in Industrial Minerals and Rocka0 Amer. 
1~~ ~bc,M:!~i!~al ~~:t:~~d19:~liahin1 materiab in 
Teui." page• 245-248 of thi1 publication. 

The unusual physical properties and 
relative chemical inertness of diatomite 
make it a useful material in many in
dustrial applications. The most important 
uses are for filtering, particularly of cane 
sugars, thermal insulation, admixtures or 
fillers, and abrasives. The United States 
is the leading diatomite-producing and 
consuming country. Most of the produc
tion is derived from exceptionally large 
and pure deposits in California, Oregon, 
and Washington, although production ie 
also carried on in other western states 
and in several states along the Atlantic 
seaboard. 

The diatomite deposits known in west 
Texas were laid down in shallow, fresh
water lakes or ponds which existed in the 
region during parts of the Pliocene and 
Pleistocene epochs. These old lakes are 
so completely filled with sediments as to 
be unrecognizable except where they are 
being dissected by headward-eroding 
valleys. It is probable that a number of 
filled lakes, which may contain diatomite 
deposits and are not yet recognized, are 
present in the High Plains. 

ARMSTRONG COUNTY 

Diatomite deposits occur at three or 
more horizons in late Cenozoic deposits 
on the north side of Mulberry Canyon 
about 7.4 miles southwest of Goodnight. 
The exposures extend for 2 miles or more 
along and near the east-west division fence 
between the J. T. McGeehee and Oscar 
Cobb ranches. The deposits lie on both 
sides of the Goodnight to Wayside cross
canyon road. The strata containing the 
diatomite deposits strike nearly east·west 
and dip southward from 5 to 20 degrees. 
The sediments consist mainly of soft, light 
greenish-gray sands with thin clay lentils 
and two beds of fresh-water limestone near 
the top of the section. The best diatomite 
deposits occur high in the section, be
tween and below the fresh-water lime
stones. The strata rest upon older and 
more indurated Pliocene rocks and may 
be either Pliocene or Pleistocene in age. 
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The comparatively resistant limestone 
beds support low hogback ridges which 
are transected by several south-flowing 
tributary branches of Mulberry Creek. 
The best exposures of diatomite have de· 
velope? on the freshly eroded slopes of 
the tributary valleys. Along the ridge 
segments between the tributary branches, 
the diatomite beds are largely concealed 
beneath soil and vegetation. Due to the 
lack of more extensive exposures it has 
not been ascertained whether the deposits 
originally lay in continuous beds or in a 
series of lenses reappearing at approxi· 
matel_y th~ same horizons. The deposits 
vary m thickness along the strike from less 
than 2 feet to as much as 7 feet, the average 
thickness being perhaps 3.5 to 4.6 feet. 
The deposits dip southward and pass be· 
neath later alluvium within a distance of a 
few hundred feet from the outcrop. 
Erosion prior to the deposition of the 
alluvium has destroyed much of the down· 
dip portion of the deposits, but it is pos· 
sible that some large segments of the 
diatomite beds may be preserved within 
the higher alluvium-covered ridges. 

The diatomite ranges from nearly pure 
white to light gray in color. It is mas
sive!y bed_ded but is locally faintly 
lammated m parts of the deposits. In 
some weathered exposures sands and cal
careou~ 1;11aterial have entered the deposits 
along JOmts and root channels; these im
purities, however, do not appear to extend 
into the deposit beyond the weathered 
zone except in relatively minor quantities. 
The following analysis, by R. M. Wheeler 
of the Bureau of Economic Geology, is 
of a sample taken one-fourth of a mile 
west of the Goodnight-Wayside road on the 
McGeehee ranch. The sample was dried 
prior to analysis, and analysis was for 
major constituents only. 

Chemical analysis of diatomite sample from 
Armstrong County, Texas. 

Per cent 

Ignition loss -------------- 6.36 
Silica --- --------------- 79.94 
R,O. (oxides of aluminum and iron) ______ 7.80 

Calcium oxide - --·---------- ---- ------ ---- 1.24 
Magnesium oxide - - ---------------------- 1.62 

Total --- ---- -- - - - - - ---- 96.96 

CROSBY COUNTY 

Diatomite deposits occur at two horizons 
in the Blanco beds near the junction of 
White River Canyon and Crawfish Draw 
10 miles north of Crosbyton. The de
posits are on the J. S. Bridwell ranch 
from 500 to 2500 feet east of a north-south 
fence separating the Bridwell and Ralls 
ranches, and from 0.4 to 0.8 mile south 
of the Cone-Mt. Blanco road. The 
Blanco beds which contain the diatomite 
deposits are 60 to 70 feet thick and consist 
mainly of light gray calcareous sands and 
clays. The beds outcrop high on the 
valley slopes on both sides of White River 
Canyon and extend for a short distance 
along the valley walls of Crawfish Draw. 
The Blanco rests by irregular contact on 
reddish-brown strata of middle Pliocene 
age. Sharply contrasting colors of the 
Blanco and the underlying Pliocene pro
vide a conspicuous contact useful in local· 
ing the position of the diatomite deposits. 
The diatomite horizons lie respectively 
about 25 and 42 feet above the contact 
and occur in only one relatively restricted 
part of the exposed area of the Blanco 
beds. 

The deposits are fiat-lying, lenticular 
beds attaining a maximum exposed thick
ness of about 6 feet and thinning irregu
larly to 1 foot or less. Outcrops can be 
traced continuously for distances of from 
200 feet to as much as 1000 feet. In the 
thicker portions of the deposits the dia
tomite is relatively pure, but in parts of 
the thinner marginal portions a high per
centage of calcium carbonate is present. 
Most of the diatomite is massive and 
sufficiently compacted to form vertical 
faces on freshly eroded bluffs. Undula
tions on the surface of the deposits were 
apparently produced by weak currents or 
~ave action and account in part for local 
mequalities in the thickness. The over
burden increases from the outcrop to a 
maximum of about 40 feet above the lower 
bed and 16 to 20 feet above the upper 
bed. 

The following analyses, made by R. M. 
Wheeler of the Bureau of Economic Geol
ogy, indicate the quality of the diatomite. 
Sample No. 1 ~s from the upper horizon; 
sample No. 2 is from the lower horizon. 
Both samples were dried at 105° C. prior 
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to analysis. The analyses are for major 
constituents only and do not include tests 
for such elements as sodiwn and potassium 
which may he present in small amounts. 

Chemical analyses of diatomite samples from 
Crosby County, Texas. 

Sample 
No. 1 No. 2 

Per cent 
Ignition loss (carbon dioxide, or· 

ganic matter) ----------------- -- 7.43 6.79 
Silica ---------------------------- 81.08 80.62 
R,O, (aluminum and iron oxides, 

not separately determined )_________ 6.00 7.()S 

Calcium oxide ------------------------------- 0.62 0.72 
Magnesium oxide ------------------------- 2.04 1.99 

Total ------------ ------------------ 97 .17 97.20 

DICKENS COUNTY 

W. F. Cummins• reported two beds of 
diatomaceous earth at a locality along the 
breaks of the plains about 4 miles north 
of old Dockum in western Dickens County. 
The section below is reproduced from 
Cummins' report. 

Section 13. Feet 
1. White sandy clay_________ ___ __ __________ 6.0 
2. White diatomaceous earth _________________ 3.0 
3. Purple clay --------------------------------------- 3.0 
4. White diatomaceous earth_________________ 4.0 
5. Reddish sandy clay ____ ________________________ 150.0 

One effort to relocate the measured sec· 
tion was unsuccessful, although some sandy 
calcareous material containing diatoms 
was seen at approximately the same hori
zon as No. 4 of the above section. 

ECTOR COUNTY 

A deposit of impure diatomaceous earth 
is exposed in the bottom of a road material 
pit adjacent to the southeast side of U. S. 
highway No. 80 in western Ector County 
about 700 feet from the Ector-Crane 
County line. The diatomite contains 
calcareous and clayey materials and 
locally numerous fossil snails and sedge 
stems. Thin efilorescent crusts of salts, 
probably sulphates of calcium and sodium, 
form on the exposed surface of the bed. 

'Op. cit., p. 144. 

Inasmuch as the pit workings expose only 
a small area and do not penetrate the full 
thickness, the extent of the deposit can be 
determined only by borings or test pitting. 

This deposit lies within a belt of recent 
and ancient sand dunes which extends 
across several west Texas counties into 
southeastern New Mexico. In some of the 
larger blow-out depressions between dune 
ridges, ephemeral lakes of clear water 
form during periods when the local water 
table rises above the base level of dry· 
stage wind erosion. These lakes provide a 
temporary favorable environment for 
diatom growth, and it seems probable that 
the diatomite deposit accumulated in a 
similar lake or pond during one of the 
relatively prolonged humid stages of the 
Pleistocene. Other diatomite deposits 
which may exist within the dune belt area 
are most likely to be discovered in the 
recent blow-out excavations which at 
numerous places cut through the dune 
sands into underlying sediments. 

HARTLEY COUNTY 

Diatomite deposits are exposed at two 
localities on the J. L. Bivins ranch about 
3.5 miles south-southeast of Channing. 
The localities may be reached by going 
2.2 miles south from Channing on the 
Tascosa road, then southeastward on a 
pasture road for about 1.2 miles to a point 
where an east-west fence crosses a large 
intermittent creek. The diatomite expos· 
ures are located respectively on the west 
creek bluff about 1000 feet downstream 
(southward) and on the east creek bluff 
about 2500 feet downstream from the 
fence crossing. 

In each of the exposures the diatomite 
occurs in a single bed 3 to 3.8 feet in 
thickness. The beds enclosing the dia· 
tomite deposits dip 10 to 16 degrees in a 
south-southeast direction. The following 
section was measured at the exposure on 
the west bluff ; the exposure on the east 
bluff lies stratigraphically considerably 
above the measured section, unless fault· 
ing, not detected on surface exposures, 
may have produced a repetition of the 
section. 
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Section on J. L. Bivins ranch, Hartley County, 
Texas. 

6. Fresh-water limestone; contains casts 
of small pelecypods and gastropods. 

Thick· 
ness 
Feet 

This bed forms the cap rock of a low 
hogback ridge ------------------------- 2.0 

5. Bentonitic clay, greenish-gray, sofL_____ 3.0 
4. Sand, cream-colored, soft________________ 5.5 
2. Diatomite, light gray to buff, calcare· 

ous; contains some pond snails and 
fragmentary fossil bones; friable, 
lower contact undulating_________ 3.5 

2. Sandy clay - ------- ------------------ 2.0 
1. Calcareous sands. To creek bed______ 8.5 

Fragmentary fossil teeth found in the 
sand bed overlying the diatomite indicate 
the beds to be of Pliocene age. 

The area in which the Hartley County 
diatomite deposits occur is almost com
pletely covered by soil and vegetation, 
good bed rock exposures being found only 
in occasional meander bluffs immediately 
adjacent to the stream channel. It is not 
possible, therefore, to determine the ex
tent of the diatomite, nor of the lake basin 
in which it appears to have been deposited, 
without the aid of test pits or borings. 
It is possible that the diatomite beds 
extend laterally into thicker and purer 
deposits, as there is no good reason to 
assume that the best or average parts of 
the deposits would be revealed in the 
limited exposures of the region. 

The diatomite contains some sand and 
calcareous materials and, particular! y in 
the east bluff exposure, an abundance of 
thin-shelled fossil gastropods and pelecy
pods. The analysis given below, made by 
R. M. Wheeler of the Bureau of Economic 
Geology, is of an average sample taken 
from the east bluff exposure. 

Chemical analysis of diatomite sample from 
Hartley County, Texas. 

Per cent 

Ignition loss ------------------------------------ 17.83 
Silica ---- -------------------- 54.64 
R,O, (oxides of aluminum and iron)___ 4.04 
Calcium oxide --------------- ----- -------- 19.88 
Magnesium oxide ------ ------------------ -------- 1.27 

Total --------------------------- 97.65 

LAMB COUNTY 

A diatomite bed occurs along the low 
north bluff of Double Mountain Fork of 
Brazos River 10 miles north of Littlefield 
and three-fourths of a mile to 1 mile west 
of State highway No. 51 in central Lamb 
County. The deposit is well exposed only 
in some shallow excavations which ap
parently were made for the purpose of 
obtaining road-surfacing material. The 
diatomite is gray to cream in color and 
appears to be of good quality. The de
posit is 1 Y2 to 2 feet thick in the exposed 
sections. Overlying the diatomite is a 
fresh-water calcareous stratum about 10 
inches thick which contains fossil plant 
stems and probably diatoms. Soft gray 
sands and clays immediately underlie the 
diatomite. 

In the general area of the diatomite 
occurrence the loose wind-deposited sands 
which make up the surface deposits of the 
surrounding plains are encroaching upon 
the stream valley so that natural valley· 
wall exposures of the underlying rocks, 
to which the diatomite belongs, are widely 
separated and of very limited extent. It 
will not be possible to ascertain the ex
tent and character of the diatomite deposit 
without the aid of core tests or trenches. 

ECONOMIC CONSIDERATIONS 

It will not be possible to appraise ac
curately the economic value of the west 
Texas diatomite until the character and 
extent of the several deposits have been 
determined by testing. However, the de
posits which on surface exposures appear 
to offer best possibilities of development 
are those in Armstrong and Crosby 
counties. 

The quantity of diatomite which might 
profitably be produced from the Arm· 
strong and Crosby County deposits is 
dependent in part on the price which 
finished grades will command and on 
mining, milling, transportation, and other 
operational costs. If specialty grades, 
which command a much higher price, can 
be developed, a larger proportion of the 
total quantity could be produced than 
would otherwise be possible. Some thou
sands of tons could be obtained at com-
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paratively low costs along narrow strips 
paralleling the outcrops where overburden 
is light. Beyond the outcrop zone the 
overburden increases, and mining costs 
would be proportionately higher. 

The quality of diatomite is dependent 
upon its physical and chemical properties 
although its suitability to the different 
uses must be finally determined by its 
actual performance in the industries. 
Most of the Armstrong and Crosby County 
diatomite is friable enough to be pulverized 
by mild pressures but is sufficiently com
pact to permit sawing or shaping into 
bricks or blocks. The material is com
paratively free of harsh extraneous mat
ter. Chemical analyses given on preced-

ing pages compare favorably with com
mercial diatomites of the country. 

Any production of the known Texas 
diatomite will necessarily be confined to 
relatively small-scale operations because 
of limitations in the quantity of material 
that can be cheaply obtained. Some of the 
producing deposits, particularly those in 
the western United States, contain almost 
inexhaustible reserves of good-grade dia
tomite and are capable of being mined by 
economical large-scale methods. The 
Texas deposits can not be expected to 
compete with established sources except 
within a restricted market range where 
considerably lower transportation cost~ 
offer a competitive advantage. 





MINERAL ABRASIVE AND POLISHING MATERIALS IN TEXAS 

GLEN L. EVANS 

Abrasive materials have been employed 
in some form since ancient times. The 
use of rock slabs or basins and rubbing 
stones for grinding grains and seeds was 
one of the early adaptations of abrasives 
to the needs of man. It was, moreover, 
one of the great basic inventions. The 
hand grinder, which persists to this day 
among many peoples of the world, was 
the forerunner of increasingly elaborate 
processes culminating in the different types 
of modern, highly efficient milling plants. 
Similarly, the use by the ancients of 
abrasive stones for buffing and sharpening 
bone, wood, and stone implements grew 
by stages to the present diversity of 
effective abrasive materials which enable 
man to facet a diamond, sharpen steel 
tools, or polish shell buttons. 

Natural abrasives include a wide range 
of materials from the hardest known sub
stance, the diamond, to exceptionally soft 
substances such as chalk and talc. The 
materials may be used in their original 
state or they may be sized, shaped, or 
bonded into serviceable forms- as in sand
paper, millstones, and emery wheels. Most 
of the materials used for abrasive purposes 
also have other uses. Diamonds are valued 
chiefly for their gem qualities and quartz 
sand for its use as a structural aggregate, 
yet certain grades of each are important 
abrasives. Only the abrasive application 
of materials is discussed in this present 
paper.1 

PRINCIPAL ABRASIVES AND THEIR 
SOURCES 

High-grade abrasives.-The high-grade 
natural abrasives include industrial dia
monds, corundum, emery, and garnet, all 
of which are characterized by great hard
ness. These abrasives are used on a large 
scale in the automobile, aircraft, machine 
tool, and other manufacturing industries. 
Industrial diamonds are used for diamond
tipped tools, drills, and saws required for 

lReference• consulted include: Publica tions and un· 
publlt.hed data of the Bureau of Economic Geology. The 
UniYer1ity of Texas; ]ndustrial Mineral& and Rocks, by V. 
L. Eardle-y-Wilmot , Amer. Inst. Min . Met. Eng., 1937; and 
U. $. Bureau of Mine• Minerals Yearbook, published an · 
nually. 

precision and rapid cutting of hard metals, 
rocks, and other materials. Diamond dust 
is also used for special abrasive work. 
The industrial diamonds used in the 
United States include the Bort diamonds, 
which are imported from Africa, and the 
black carbons, or carbonadoes, which are 
imported from Bahia, Brazil. Corundum 
and emery are used largely in making 
special cutting wheels and abrasive cloth. 
Corundum is obtained by importations 
from South Africa and Canada, and 
emery from Turkey and Greece. Domestic 
sources of both minerals occur in eastern 
United States. Garnets are used mainly 
for abrasive cloths and paper for polish
ing and dressing of hardwoods in the 
woodworking industry. The chief source 
of garnet ( alamandite) is in the State of 
New York where it has been mined for 
many years. 

Siliceous abrasives.-Siliceous abrasives 
include a large number of silica and 
silicate minerals and rock materials. The 
silica minerals and rocks include such 
substances as sand, sandstone, massive 
quartz, flint, chalcedony, tripoli, novac
ulite, and diatomite. Examples of the 
silicates used as abrasives are feldspar, 
pumice, and volcanic ash or pumicite. 
These materials fill a multitude of uses 
in many industries and occupations, some 
of the more common uses being for tube
mill liner and pebbles, sandblast work, 
millstones, pulpstones, sharpening stones, 
and in various forms for grinding, polish
ing, scouring, and buffing operations. 
Most of the siliceous materials used for 
abrasives are widespread in their occur
rence, but deposits of suitable qualities 
favorably situated in respect to economic 
factors are comparatively rare. The 
siliceous abrasives consumed in the United 
States are obtained mostly from domestic 
sources, but some have been imported 
from Canada and Europe. 

Soft abrasives.-Soft abrasives include 
chalk, finely divided limestone and dolo
mite, china clay, and talc. These are used 
in operations requiring very mild abrasive 
action such as in rice polishing and in 
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buffing and polishing metalwares. The 
siliceous materials diatomite, pumice, and 
tripoli are sometimes classed with the soft 
abrasives due to their relatively mild 
abrasive character. Soft abrasives are ob
tained mostly if not entirely from domestic 
sources. 

Manufactured abrasives.-Manuf actured 
abrasives, made from natural materials 
by fusion and induced chemical reactions, 
compete with and have to some extent 
replaced natural abrasives. Boron-carbide, 
the hardest known manufactured sub
stance, and that which most closely ap· 
proaches the diamond in hardness, is being 
substituted for industrial diamonds in some 
uses. Silicon-carbide and fused alumina 
have very largely replaced corundum and 
emery in the manufacture of grinding 
wheels. Steel shot and halls are used ex· 
tensively in grinding operations, and steel 
and hard rubber are widely used for lining 
grinding mills. Steel wool is used as a 
scouring agency, and various metallic 
oxides are used for huffing silver and other 
metal wares. 

ABRASIVE MATERIALS IN TEXAS 

Texas has not produced any of the high
grade abrasives. Garnets of suitable hard
ness for abrasive purposes are known at 
several localities in the Llano region, hut 
no deposits large enough to have com· 
mercial possibilities have been reported. 
A number of siliceous and soft abrasive 
materials occur in Texas; some of these 
are being produced. The scope of this 
paper does not permit space for specific 
locations and descriptions of the many 
individual deposits of materials discussed 
below. (See Pl. XXV.) 

Grinding pebbles.-Production of flint 
tube-mill grinding pebbles, initiated in 
1940 through efforts of The University of 
Texas Bureaus of Economic Geology and 
Engineering Research, has grown into an 
important minor industry. The flint 
pebbles occur in extensive sheet deposits on 
interstream divides and in river terraces 
of the Gulf Coastal Plain between Guada
lupe River and the Rio Grande. Pebbles 
have been produced from Bastrop, Colo
rado, Fayette, Frio, Gonzales, and other 
counties. The reported total production 
in 1941 was 1660 tons and in 1942 more 

than 9000 tons. Production in 1943 was 
5431 tons. Plants for grinding and sort
ing the pebbles into marketable form are 
now in operation in San Antonio and 
Columbus. The milled pebbles are equal 
in quality to those formerly imported from 
Sweden, Denmark, Holland, and France. 

The flint pebble industry in Texas 
undoubtedly gained impetus from war
time restrictions on foreign sources, but 
with processing plants and markets now 
becoming well established, along with 
important natural advantages, the industry 
seems likely to become permanent. The 
Texas deposits are very extensive and 
are the only producing source of flint 
pebbles in the United States, although 
several states produce other kinds of 
pebbles. Important quantities of artifi
cally rounded quartzite mill pebbles are 
produced from Jasper, Minnesota, and 
small quantities of granitoid pebbles are 
produced from beach deposits in Cali· 
fornia. Steel balls, although widely used 
in grinding, do not compete with flint 
pebbles in operations, such a& in the 
ceramic industry, where contamination by 
iron is highly objectionable. Flint peb· 
bles are also generally used in grinding 
gypsum, cement, and paint materials, and 
in the fine size stage of grinding necessary 
to release the metals from many ores. 

See "Grinding pebble deposits of western 
Gulf Coastal Plain of Texas," pages 47-
54 of this publication. 

Flint tube-mill liner.-Flint for tube· 
mill liner has been produced on a small 
scale from the Edwards formation in 
western Travis County. The production 
and marketing of 300 tons of shaped flint 
liner is reported for 1941. Flint occurs 
rather commonly as thin beds and lenses, 
as well as in nodules, in the Edwards 
formation of central Texas. Much of the 
flint is too thin for suitable liner material, 
but it is quite probable that other depo~its 
of satisfactory thickness and quality could 
be found. Quartzite for tube-mill liners 
is produced at Jasper, Minnesota. Bel
gium and Sweden are the chief sources for 
flint tube-mill liners. 

Volcanic ash.-Deposits of volcanic ash 
(also known as pumicite and volcanic 
dust), some of large size, are widespread 
in Texas. Deposits of Pleistocene age 
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occur in filled lakes and sink holes at 
many localities on the High Plains and 
in the dissected region extending eastward 
from the High Plains. Volcanic ash of 
Tertiary age occurs with other volcanic 
rocks in Trans-Pecos Texas and in the 
Upper Eocene and later formations of the 
Coastal Plain. The ash deposits vary in 
size and in the texture and purity of the 
material. Deposits in Dickens and Scurry 
counties have been worked on a small 
scale mainly for cleaning and scouring 
compounds. Production from these de
posits of about 250 tons of ash for abrasive 
uses was reported for the years 1941 and 
1942. Other deposits have been worked 
in Gonzales County, but for purposes other 
than abrasive uses. Most of the United 
States' production comes from four states 
-Kansas, Nebraska, California, and Okla· 
ho ma. 

Sand.-Sand for sandblast work has 
been produced from a deposit worked 
mainly for filtering sand near Corrigan, 
Polk County. See "Rice sandi. in Polk 
and adjoining counties with notes on vol· 
canic ash and bentonitic clays," Univ. 
Texas, Bur. Eco. Geol., Min. Res. Surv. 
Cir. 41. These "rice" sands occur mainly 
near the base of the Catahoula formation 
and in later deposits derived from the 
Catahoula. The sand grains are sub
rounded to sharp, and range in size from 
fine to coarse, with coarser particles pre· 
dominating at some localities. The sands 
are interspersed through finer grained 
materials, making washing and screening 
operations necessary to obtain clean 
graded sand. Four grades of blast sand, 
based on screen-mesh size, are in general 
usage: No. 1, between 20 and 35 mesh; 
No. 2, 10 to 28; No. 3, 6 to 10; and No. 
4, 4 to 8 mesh. Both rounded and angular 
sand grains are used in sandblast work. 
The rice sands of the Coastal Plain, and 
from other sand deposits of Texas, will 
fill the requirements for part or all of the 
commercial grades. The chief sources of 
blast sands are in Illinois and New Jersey 
which are favorably located in respect to 
such large consumer markets as the cast· 
iron, steel works, and plate glass indus
tries. 

Sandstone.--Sandstones occur in many 
formations and are common to nearly all 
parts of Texas. The sandstones vary 

greatly as to thickness, hardness, and tex· 
ture. Some of the Texas sandstones are 
quite probably suitable for certain 
abrasive uses. That no attempt has been 
made to develop them for abrasive pur· 
poses is probably in part due to their 
great distance from the principal markets, 
and to well-established and adequate 
sources of supply in eastern United States 
and Canada. Friable sandstones of suit· 
able composition and physical properties 
are the source of blast sands, and certain 
types of thick-bedded sandstones are used 
for making millstones, grindstones, and 
pulpstones. 

Tripoli (spiculite).-Tripoli deposits 
occur in the Pennsylvanian Marble Falls 
formation in Lampasas and Burnet coun· 
ties. See "The origin and distribution of 
spiculite near Lampasas, Lampasas 
County, Texas," pages 271-282 of this 
publication. The tripoli is a white, finely 
divided material consisting almost entirely 
of siliceous fragments of sponge spicules. 
Tripoli used for abrasives in the United 
States is produced mainly in Missouri and 
Oklahoma. It is used in prepared com· 
pounds for finishing and buffing metals 
and plated products, and also to some 
extent in cleansing powders and soaps. 
Tripoli has been produced from the Texas 
deposits for use in drilling fluids but ap· 
parently has not been used for abrasives. 

Quartz.-Massive or bull quartz occurs 
in vein deposits in the pre-Cambrian rocks 
of the Llano region and in the Carrizo 
Mountains of Culberson and Hudspeth 
counties. The chief abrasive use of quartz 
is in the crushed form for backing of 
cheaper grades of sandpaper. The Texas 
deposits have not been worked for abrasive 
uses but are of sufficient size and quality 
to meet industrial requirements. 

Diatomite.-Diatomite or diatomaceous 
earth of fresh water origin occurs in 
Pliocene and Pleistocene lake deposits in 
Crosby, Armstrong, Hartley, and probably 
in other counties of the High Plains. In 
most of the diatomite beds the particles are 
weakly coherent and break down rapidly 
by weathering, but locally they are well 
cemented with calcium carbonate. The 
beds are from 2 to 5 feet thick and are 
covered by considerable thicknesses of 
overburden, except in comparatively nar-
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row strips extending along the outcrop. 
Diatomite is much less used for abrasives 
than for filtering, insulating, and other 
non-abrasive purposes. Its abrasive ap
plication is mainly in polishing powders 
and pastes in which relatively gentle 
abrasive action is desirable. California 
is the leading state in the United States 
in the production of diatomite. See 
"Diatomite in the High Plains region of 
Texas," pages 239-243 of this publication. 

Novaculite.-Novaculite beds of the 
Devonian Caballos formation form prom
inent and extensive outcrops in the 
Marathon uplift of Brewster County. 
Novaculite is a light gray, fine-grained 
rock consisting almost entirely of chalce
donic silica. It has not been produced in 
Texas, but similar novaculite is produced 
in Arkansas for high-grade sharpening 
or whetstones. The abrasive qualities and 
adaptations of the Texas novaculite have 
not received special study. The strata have 
been intensely folded and fractured. If 
the individual blocks contain incipient 
fractures either open, or filled with mate
rial of different hardness, the value of the 
novaculite for abrasive stones would be 
weakened. 

Feldspar.-Fe!dspar is used in a finely 
ground state as a cleansing and scouring 
agent. Feldspar occurs in pre-Cambrian 
pegmatite dikes in the Llano region and 
in the Van Horn Mountains in Culberson 
County. Production in Llano County has 
been for other than abrasive purposes. 
See "Feldspar in the Central Mineral 
region of Texas," pages 93-104 of this 
publication. 

Pulverulent limestone. - Pulverulent 
limestone, a material similar to finely 
ground chalk and consisting of quite pure 
and incoherent particles of calcium car
bonate, occurs in the Cretaceous Edwards 
formation in Williamson and Bell counties, 
Texas. The pulverulent limestone is 
mined and milled near Florence, Texas, a 
considerable portion of the product being 
used in the rice polishing industry. In 
194.2, 1800 tons were reported to have been 
used for rice polishing. Talc is ordinarily 
used in polishing rice, wheat, corn, and 
other grain foods. The successful sub
stitution of pulverulent limestone for talc 
is an illustration of the many conditions 
where more than one material can satis
factorily serve a single abrasive purpose. 

FUTURE DEVELOPMENT 

Future development of Texas abrasive 
materials depends in a large measure upon 
the growth of other industries within and 
near the State, as well as upon the efficiency 
and enterprise of producers. The indus
trial centers are the main markets for 
abrasives, and sources of abrasive ma· 
terials near these markets have a strong 
competitive advantage over more distant 
sources. The factor of transportation costs 
alone almost invariably localizes the pro· 
duction of widely distributed and low· 
priced abrasives around the market 
centers. The less widely distributed, and 
consequently higher-priced materials, 
such as the high-grade abrasives, flint 
grinding pebbles, and some abrasive 
stones, may be supplied to almost world
wide markets from only very few sources. 



MANGANESE DEPOSITS OF TEXAS 

LINCOLN E. w ARREN 

There are three areas in Texas where 
noteworthy manganese deposits are known. 
These are the Pecos River area in Val 
Verde County, the Walter Mayfield pros
pect in western Jeff Davis County, and the 
deposits of the Llano uplift in central 
Texas, of which the most important is the 
Spiller mine in Mason County. 

Manganese has been reported from 
Dickens County but only as small thin 
seams in Triassic sandstone. An occas
ional surficial accumulation occurs when 
manganese oxide acts as a coating on the 
individual sand grains. 

VAL VERDE COUNTY 

Previous investigations of manganese 
in the Shumla area were made during the 
war of 1914 to 1918 and prior to that 
war by several local prospectors, who 
dug many test pits. A report on the 
manganese at Shumla and Feely was made 
by Roberts and Nash1 in 1918. 

In the early part of 1942, workers on a 
unit of the Work Projects Administration 
State-wide Mineralogic Survey, a project 
sponsored by the Bureau of Economic 
Geology of The University of Texas, dug 
several test pits in manganese deposits 
at Feely and on the Ingram-Howe ranch 
in the western part of Val Verde County. 
A report2 on the manganese of this area 
is included in revised form in this paper. 

G EOLOGY AND PHYSIOGRAPHY 

Pecos River is a consequent stream in 
the trough of a syncline trending north· 

1Robert 1, J. R., and Nash, J. P ., The geology of Val Verde 
County : Univ. Texas Bull. 1803, pp. 23-43, 1918. 

i Warren, L. E., The occurrence of manganese on the 
In gram- Howe ranch, with notes on other areas along Pecos 
River, Val Verd e County , Texas: Univ. Ten s, Bur. Eco. 
Geol ., Min . Res. Surv . Cir. 52, 8 pp., August, 1942. 

west-southeast and extending through the 
length of Val Verde County. Baker3 

suggests that the syncline was probably 
formed in late Tertiary time. The numer· 
ous meanders, which subsequently have 
become entrenched, suggest that the 
gradient of the river in late Tertiary or 
early Pleistocene was low. This gave the 
river ample room to wander throughout 
the limits of the syncline, giving rise to 
the extensive gravel deposits which are 
now high above the present stream level. 

The relief in the Ingram-Howe area, 
taken from the bottom of Pecos Canyon 
to the U. S. Engineers Triangulation 
Station approximately 3 miles to the north, 
is about 500 feet. Away from Pecos River 
the hills are rounded, and the surrounding 
country looks almost level. However, the 
area is a great! y dissected one, with deep 
precipitous-walled canyons that can be 
crossed only at selected places. The 
manganese area lies within a 5-mile wide 
bend of Pecos River and drains on three 
sides directly into the river. The divide is 
about 1 Yz miles south of the north part 
of the bend, and the canyons are steeper 
here than to the south, producing a rugged 
terrain. The south sloping part of the 
area is relatively Hat for about three· 
fourths of a mile, followed by shallow 
"draws" which deepen quickly into deep 
canyons, reaching depths of 80 to 90 feet 
near Pecos River. The walls which form 
Pecos Canyon rise vertically as much as 
300 feet above water level at many places. 

The rocks which outcrop in this area 
include formations in the Comanche and 
Gulf series of the Cretaceous. Following 
is a list of formations present: 

3Baker. C. L., Manganese minerals and ores, in The Geol· 
ogy of Texas, Vol. II: Univ. Texa s Bull . 3401, p. 509, 1934 
[1935]. 

Quaternary ·············{Recent ······················-····-···"Low" gravels 

Pleistocene ·····················-·· "High" gravels 

\

r Gulf series ·····················-····Boquillas flags 

{

Buda limestone 
Cretaceous ............... C h . Grayson formation .................. Del Rio clay 

omanc e senes ----------

Georgetow? limestone ····-····-}Devils River limestone 
Edwards limestone ············-- · 



250 The University of Texas Publication No. 4301 

The Del Rio clay was named by Hill 
and Vaughan• in 1898 and the name 
applied to the southward extension of the 
Grayson formation of northeastern Texas. 

Because of the close similarity in litho
logic character of the Georgetown and 
Edwards formations, these were grouped 
together by Udden5 in 1907 under the 
name Devils River limestone. For the 
purpose of this paper, these two forma· 
tion~ will be referred to as the Devils 
River limestone because of lack of time 
for detailed study. 

High gravels.-"High" gravels of Pecos 
River are found on both sides of the river, 
in some places as high as 400 feet above 
the present stream level. The gravels are 
very characteristic in that they are com
posed of rounded, black cherts, light· 
colored cherts, various types of igneous 
rocks, and large boulders of river-scarred 
Cretaceous limestone. Some boulders of 
limestone which weigh as much as 200 
po11nds were found approximately 300 
feet above the present stream level. This 
would indicate deposition by torrential 
flood waters. In some places the gravels 
are relatively thick and extensive, while 
in other localities only occasional rounded, 
black chert pebbles remain. Near the 
mouth of Pecos River the "high" gravels 
of Pecos River merge with the "high" 
gravels of the Rio Grande. The latter 
are composed of rounded, igneous rocks, 
cherts, and many boulders of Caballos 
novaculite (Devonian) from Brewster 
County. 

DESCRIPTION OF MANGANESE D EPOSITS 

The Ingram-Howe manganese deposit 
is located 12 miles by road east of Langtry 
and is reached by going east along the 
Del Rio highway for 1 mile (fig. 61) 
turning north under the Southern Pacific 
Railroad underpass, following a private 
ranch road 6 miles in a general northeast 
direction to the Ingram ranch head
quarters, and continuing along a dim 
ranch road leading east-southeastward 

'Hill, R. T., and Vaughan, T. W., Geology of the Edward• 
Plateau and Rio Grande Plain adjacent to Auetin and San 
Antonio, Texas, with reference to the occurrence of under· 
ground waters: U. S. Ceol. Survey 18th Aon. Rept., pt. 2, 
p. 236, 1898. 

6Udden , J. A., Report on a geological SUIVCJ' o! the land 
belonging to the New York and Texas Land: Company, Ltd., 
in the upper Rio Grande embayment in Tena: Aucutiana 
Libr. Pub. 6, pp. 56-60, 1907. 

from the ranch house for approximately 5 
miles. The first of a series of test pits is 
about one-fourth of a mile east of the 
deep canyon where the road ends. 

The manganese deposits on the Walter 
Babb ranch are reached by followin!l the 
Pandale road north from Langtry ap· 
proximately 25 miles to the Walter Babb 
ranch house, which is located to the west 
and within sight of the road, and turning 
east along the private ranch road parallel
ing Pecos River for about 2 miles (fig. 61). 

The manganese on the Ingram-Howe 
ranch occurs in shallow depressions and 
is intermingled with gravels, brecciated 
limestones, vegetable matter, and soil. 
The depressions are scattered over quite 
a large area along the southern portion 
of the bend of Pecos River already de
scribed. The manganese outcrops are 
easily recognized by the presence of 
manganese "float" and the general reddish· 
yellow or brown color of the soil. The 
deposits are surficial and are not restricted 
to any one zone or bed. The manganese 
occurs in all of the formations present, 
including the Boquillas flags, Buda lime
stone, Devils River limestone, and as a 
cement in the "high" gravels. In many 
places where the "high" gravels are ex· 
tensive and completely cover the divide 
area between canyons, manganese and 
possibly much iron oxide act as a cement 
and form a hard crust on the surface. 
This crust is not more than 2 or 3 inches 
thick, and the underlying gravels are loose 
and unconsolidated. The amount of 
surface outcrop of manganese does not 
reflect the quantity beneath the surface. 
In one locality, manganese material was 
scattered over an area of approximately 
2000 square feet, hut test pits revealed 
that the manganese did not extend 2 feet 
in depth and consisted of irregular lenses 
which appear to follow the present 
erosional surface. 

The manganese on the Ingram-Howe 
ranch was deposited on an old erosional 
surface and is not related in any way to 
the.st~uc~ure of the underlying formations, 
as is md1cated by: ( 1) the surficial char
acter of the deposits, (2) their presence 
at the head of small "draws," or (3) their 
presence in .s~allow depressions on top 
of the low d1v1des. All of these indicate 
that the surface at the time of deposition 
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Fig. 61. Map of Pecos River, Val Verde County, Texas. Shaded portions represent manganese areas. 
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of the manganese was not greatly different 
from that in the divide area of the present. 

Wad and pyrolusite are the manganese 
minerals of the small bodies which occur 
in a matrix of soil and debris. At no 
place was the manganese observed to 
replace the limestone bed rock. Small 
boulders of limestone intermixed with the 
manganese have not been altered or re
placed by manganese. 

Sinks in the Buda limestone into which 
Boquillas flags have slumped in every con
ceivable attitude are very common. These 
sinks range in size from a few feet to 
over 100 feet in diameter. They are 
roughly circular in outline, but rectangular 
and even ellipsoid shapes are not uncom
mon. These sinks are probably the result 
of collapse caverns in the underlying Buda 
and Devils River limestones, since these 
limestones are readily subject to solution 
by the underground waters circulating 
along the dip and strike joints and along 
the parallel bedding planes. A few small 
bodies of manganese overlap the margins 
of these sinks; however, neither the flags 
nor the adjacent bed rock was observed 
to be replaced by manganese, although 
in many cases they are greatly stained by 
iron oxide. 

The Buda and Devils River limestones, 
even though being massive, are greatly 
jointed. Some joints have been enlarged 
by solution, and manganese occurs along 
some of them where they have been par
tially filled with clay, boulders, and otl• 0

• 

debris. The joints are in no J 0 limte sys
tem or pattf>rn ~nd a>-c 11ot traceable over 
great distances. 

The manganese on the Walter Babb 
ranch, 7 miles airline south of Pandale 
is mixed with sand and gravel betwee~ 
limestone ledges at the edge of Pecos 
River. The deposits are thin and occupy 
space between the beds scooped out bv 
the river. They extend along the bluff 
for about one-fourth of a mile. The 
distance the manganese extends back 
under the ledges is unknown, but the 
exposed portion of the manganese sugaests 
only a short distance. The manga

0
nese 

is of a poor grade. Manganese is also 
mixed with gravels of the flood plain 
which in its greatest width is about one
}lalf of a mile. These gravels are as much 

as 50 feet in thickness. The manganese 
is disseminated through the flood plain 
deposits as a cementing agent. One hill 
of gravels 50 by 200 feet in size has a 
greater concentration of manganese than 
any other in this area seen by the writer. 
The manganese is disseminated through· 
out the gravels, and in one shallow test 
pit manganese seems to be in a greater 
concentration than is required to fill the 
pore space of a gravel deposit. 

In this locality manganese also occurs 
on high hills three-fourths of a mile to 
the south and approximately 300 feet 
above water level of Pecos River. The 
manganese is in shallow depressions on 
the Devils River limestone and resembles 
very closely the occurrence on the Ingram
Howe ranch. The "high" gravels have 
been almost removed by erosion, only oc
casional pebbles of rounded, black chert 
and igneous rock remaining. A general
ized section of the occurrence of manganese 
on the Walter Babb ranch is shown in 
figure 62. 

Manganese mixed with rock debris oc
curs on the Mills ranch about 3 miles 
west of Pandale. It is approximately 75 
feet above the present level of Pecos Ri"""" 
and is either associated with an "),J terrace 
or a fan-glomerate. The ,,,,.,~gane~e is in 
a bed ranging up to 2 feet I~ thickness. 
The indurate.-l grnvels are dissected by 
drains fr"in the high hills to the east. 
Tllo manganese deposit is highly irregular 
in shape, and the lateral extent appears 
limited. Two carloads of manganese
bearing material have been shipped from 
this locality. Other occurrences of man
ganese were reported to the north, but 
the writer did not visit them. 

One sample each from the Ingram-Howe 
and Mills areas, selected from what ap· 
peared to be the highest grade ore, was 
analyzed by Mr. Robert M. Wheeler of 
the Bureau of Economic Geology. The 
results are given below: 

Ingram-Howe Mills 
Per cent 

MnO, ······---·····-····----·-·--····-··········-- 42.92 38.30 
CaCO, -··-·-····--····-----------···· ........... 43.33 47.11 
SiO, ·········---·--------·--··----·---············-- 3.92 4.46 
AJ,O, ··---········---··---------·····--- ·····- 0.78 2.06 
Fe,Oa -·······-----------·····----···----·------ 0.05 Trace 
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RIVER TERRACE 
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Fig. 62. Generalized section showing the occurrence of manganese on the Walter Babb ranch, 
Val Verde County, Texas. 

ORIGIN 

Wad and pyrolusite are minerals of 
secondary origin, and the manner in which 
they occur in the Pecos River area, inter
mixed with sand, clay, gravels, vegetable 
matter, and soil in shallow depressions, 
disseminated through gravels, and in the 
joints of exposed limestone, indicates that 
these minerals have undergone at least 
more than one cycle of deposition. Since 
all the manganese deposits reported are 
in the drainage of either Pecos River or 
the Rio Grande, and all deposits are within 
a short distance of these rivers, it is 
probable that the present occurrence of 
manganese is a direct result of the past 
action of these rivers. 

Concretions of iron and manganese are 
found abundantly in the upper, thin, shaly 
strata of the Boquillas flags. Manganese 
dendrites are also very common in many 
beds throughout the formation. While 
these strata were eroded away from the 
old flood plain of Pecos River, the man
ganese and iron were leached out and 
carried to the gravels on the flood plain. 

The flood plain was relatively flat, and 
the blanket of gravels acted as a filter 
precipitating the manganese and iron 
oxides. Subsequent leaching and erosion 
of the gravels have concentrated the 
manganese oxides in the shallow depres
sions and joints. A little manganese is 
uniformly disseminated through lower 
gravels which are little modified in thick
ness, such as the occurrence on the Walter 
Babb ranch. 

Stanley 0. Reichert• writes the following 

tlReichert, S. 0., Manganese resources of east Tennessee : 
Tennessee Div. Geol., Bull. 50, pp. 19-20, 1942. 

in regard to manganese in east Tennessee: 

. . . many of the deposits, especially in the 
northeast corner of the State, appear to occur 
along remnants of terraces above the present 
valley floor. These benches are thought to be 
parts of the old valley floor formed during pauses 
in the process of denudation, between periods 
of active stream incision that followed inter
mittent uplift of the land . .. . the occurrence 
of these manganese deposits bears a certain close 
genetic relationship to placer deposits in that 
they are areas of shallow or surficial mineraliza
tion located in relation to favorable topography; 
they are scattered over several different geologic 
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formations ... but always located in favorable 
structural and physiographic basins or remnants 
of basins. 

The similarity of these manganese de· 
posits to placer deposits is evidenced by: 
( 1) their location in regard to favorable 
topography, (2) their surficial character, 
( 3) their dissemination throughout the 
gravels, and (4) their wide and varied 
distribution without regard to the struc· 
ture of the underlying formations. 

The dissemination of manganese through 
the "low" gravels and between the lime
stone ledges on the Babb ranch probably 
is the result of the erosion and removal 
of the "high" gravels on the hills to the 
south and west. Occasional rounded, 
black chert and igneous rock pebbles are 
all that remain of these higher gravels. 
It is logical to assume that redeposition 
in the "low" gravels is only a repetition 
of the process in which the manganese 
was originally deposited in the "high" 
gravels of the Ingram-Howe area. 

COMMERCIAL ASPECTS OF THE MANGANESE 

DEPOSITS 

The great irregularities of the man
ganese bodies and the varying admixture 
of clay, boulders, and gravels make it 
difficult to determine the tonnage or grade 
of material available. The total amount 
of ore on the Ingram-Howe prospect, in 
the writer's opinion, will not exceed 2000 
tons. 

If the origin postulated is correct, dili· 
gent search in other areas along Pecos 
River should reveal other manganese 
deposits. 

JEFF DA VIS COUNTY 

WALTER MAYFIELD PROSPECT 

The Walter Mayfield prospect is located 
in Jeff Davis County just south of the Jeff 
Davis-Hudspeth County line, about 41/2 
miles south-southwest of Chispa on the 
Southern Pacific railroad. The principal 
manganese mineral is hollandite which 
is botryoidal or in concretionary masses. 

The following analysis was made by Mr. 
R. M. Wheeler, of the Bureau of Economic 
Geology. 

Lab. sample No. 107 Per cent 

Ignition loss ··············-··················--·- 6.56 
SiO. ······················-···-·-······-····-·-·---- 0.40 
Mn02 ···························-···-······-····-- 78.03° 
Ba -······-····-····--··---············--·-- 15.15 
R,O, ···························-················-·····- 1.58 
Fe ···········-······································-··- 0.00 

•In the mineral hollandite. manganese i• pre1ent both as 
MnO and Mn02, and in some closely related minerals Mn10a 
is present. 

The same sample was analyzed by means 
of comparison spectra by Dr. Nathan 
Ginsburg, of the Department of Physics 
of The University of Texas, who made the 
following report: "In sample No. 107, 
Mn and Ba are present in a high per
centage. I also found traces of Al, Mg, 
Zn, and Pb. Ca and Si are present in a 
much greater amount, perhaps in the order 
of one per cent. I did not understand the 
meaning of R20 3 until after I had made 
the analysis hut then on looking back 
over the plates I did find a trace of Ti. 
I did not find any trace of Fe in this 
sample." 

Baker7 described the prospect in The 
University of Texas Bulletin 3401, and 
since this bulletin is now out of print, his 
observations are quoted in full. 

The Walter Mayfield prospect is situated about 
41h miles south of west of Chispa section house 
on the Southern Pacific Railroad. The fissure 
vein or zone of veins is in a fault zone of large 
displacement which trends northwest and south· 
east with an upthrown block of southward· 
dipping Georgetown, Del Rio, and Buda lime· 
stone on the southwest, the downthrown block 
on the northeast having its bed rocks covered 
by the alluvium of Chispa Flat. The fault forms 
the boundary between the head of the southward 
flowing drainage of Van Horn Creek, tributary to 
the Rio Grande, and the enclosed salt basin drain· 
age to the northeast. The vein forms a narrow 
ridge visible for miles to the north and east, 
being, in fact, the most prominently outcropping 
vein in Texas. The eastern front of an eastward 
overthrust fault block on the west reaches within 
6000 to 7000 feet of the northwest end of the 
vein. The fault zone in which the vein lies may 
pass into an overthrust to the north-northwest 
of the end of the vein, in which direction the 
amount of displacement and of the west-south· 
westward dip of the upthrown block increases, 
but beyond the southeast end of the vein the 
fault displacement apparently dies out into an 
asymmetrical anticline with 70° or more dip on 
the northeast flank. Nowhere along the fault 
zone are the bed rocks of the northeastern or 
downthrown block visible. 

7Baker, C. L., Manganese minerals and oree, in The Geol · 
i'fa', oll!~~~rs• Vol. II: Univ. Teue Bull. 3401, pp. 507-508, 
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The gangue of the vein is quartz, mainly finely 
crystalline, chalcedonic or drusy, and yellowish· 
brown to rusty-stained. Apophyses or sheets of 
the quartz run out from the main zone and form 
deposits along bedding planes and cavern fillings 
in the limestone for distances 172 miles or more 
to the southwest of the main vein. About one· 
fourth of a mile southwest of the main vein in 
its northwestern section, travertine stalactites in 
a cave, collected by the writer, assayed 4 per 
cent lead, 2 per cent zinc, and a trace of silver. 
The ore minerals consist of somewhat nodular 
or concretionary masses of botryoidal and mam
millary psilomelane and crystallized barite and 
hematite. A carload of psilomelane containing 
43 per cent manganese, handpicked from the 
northeastern exposed face of the vein, has been 
shipped. This vein warrants further prospecting 
by exploring its continuation beneath the sur
face. There is some possibility that it may pass 
underground into lead, silver, or zinc deposits. 
Igneous rocks, both acidic and basic, outcrop in 
closely continuous areas. Abundant underground 
water of excellent quality is obtainable close by 
in Chispa Flat. Transportation facilities are 
excellent, the old railroad grade to San Carlos 
being about one-half mile to the southeast of the 
manganese workings. 

LLANO UPLIFT AREA 

SPILLER MINE 

The Spiller mine is located in Mason 
County, about 6 miles south-southeast of 
Fredonia, and about 15 miles northeast 
of Mason. The nearest railroad is at Llano 
about 37 miles to the east. 

The deposits are lenticular layers inter
bedded with quartzite and feldspathic 
gneiss. The gneiss was named the Valley 
Spring gneiss by Paige• from exposures 
near Valley Spring in Llano County. 

The area surrounding the manganese 
deposit is very rugged and forms high 
hills with minor "hogbacks" along the 
strike of the gneiss. Upper Cambrian 
Hickory sandstone is exposed about 600 
feet to the east and about 300 feet to the 
north of the deposit (see fig. 63). The 
high hill about 1500 feet northeast of the 
manganese deposit is capped by Edwards 
limestone of Lower Cretaceous age under· 
lain by Hickory sandstone which in turn 
is underlain by Valley Spring gneiss. 
The relief in this area at the time of the 
deposition of the Hickory sandstone was 
about 220 feet. This was taken at the 
base of the Hickory sandstone at Lime 
triangulation station and the base of the 

8Paice, Sidney. Mineral resources of the Llano-Burnet 
rocion, Tens, with an account of tho pre-Cambrian 1eology: 
U. S. Geol. Survey Bull. 450, p. 15, 1911. 

Hickory 1000 feet to the southwest (fig. 
63) . This amount of relief represents a 
very rugged floor at the time of Cambrian 
deposition. In many places along the 
contact large boulders of gneiss are com
pletely surrounded and abutted by sand
stone. The topography in Cretaceous time 
must not have been too far different from 
the topography at present, as indicated by 
the small Edwards limestone outlier 1500 
feet northeast of the manganese deposit. 

Edwards Limestone 

Hlckory Sandstone 

Quarfz dike 

0 Z50 500 1000 J500 ff:f;.T 
~--~=:d 

Fig. 63. Geologic map of area surrounding Spiller man
ganese deposit, Mason County, Texas. 

The gneissic rocks strike north-south or 
northeast-southwest with predominant dip 
to the west, and in the vicinity of the 
manganese deposit some close folding is 
evident. The deposits are discontinuous 
and extend for about 600 feet in a north
south direction. In the several pits dug 
along the outcrop of the manganese, dips 
vary from west to east to perfectly flat. 
Numerous joints are exposed with man· 
ganese occurring along some of them. 
Disseminated grains and solid lenses, 
which conform to the bedding of the 
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gneiss, of yellow manganese-bearing 
silicate, occur rather abundantly in this 
area. This yellow silicate is probably the 
manganese garnet spessartite, and in many 
places the lenses are in various stages of 
decay and are intermixed with the oxides 
of manganese. 

The ore is composed of a hard steel
gray oxide of manganese which grades 
into a softer sooty black oxide. It occurs 
as discontinuous lenses, the thickest of 
which is about 3 feet; as the filling in 
joints; and as particles in the partially 
decomposed silicates. 

Hewett and Schaller• identified the 
principal manganese mineral as braunite, 
and their description follows: 

The principal manganese mineral is braunite, 
which is black with submetallic luster on polished 
surfaces. It is the principal constituent of the 
lenses that have been mined and shipped. One 
of these attains a maximum width of 3 feet and 
has been explored horizontally about 75 feet. It 
lies parallel to the lamination of the quartzite. 

The common oxides of manganese, such as 
pyrolusite, manganite, psilomelane, and wad, 
seem to be conspicuously absent. As the prin· 
cipal manganese mineral is braunite, with garnet 
and albite as accessories, the deposit is unique 
in the United States. It resembles some of the 
Indian deposits which Fermor has described.10 

In the opinion of the authors, the assemblage 
of minerals indicates that the deposit has been 
formed by hydrothermal processes at great depth. 

The Spiller mine area was subject to 
possibly three periods of weathering and 
erosion: ( 1) prior to the deposition of the 
Hickory sandstone; (2) prior to Cre
taceous deposition as evidenced by the 
outlier of Edwards limestone at Lime 
triangulation station where the Travis 
Peak, Glen Rose, Comanche Peak, and 
Walnut clay which underlie the Edwards 
limestone are all missing; (3) the period 
of weathering which has followed the 
removal of the Edwards limestone and all 
younger formations. 

The presence of silicates in the im
mediate vicinity of the manganese deposits 
and the evidence of the silicates altering 
to manganese tend to indicate that the 
manganese ore in part, at least, is a result 
of the decomposition of these silicates. 
The long periods of exposure of the area 

"Hewett, D. F., and Schaller, W. T., Braunite from Maeon 
County, Texas: Amer. Min., vol. 22, no. 6, p. 785, 1937. 

10fermor, L. L., Manganese-ore deposits of lodia: Geol. 
Suney India, Mcm. 37, pt. l, Mineralogy, pp. 52-78, 1909. 

to weathering give ample time for the 
alteration of the silicates with depth, 
depending upon the position of the water 
table. However, spessartite was noted in 
the Valley Spring gneiss elsewhere in this 
area which is not altered to manganese 
oxide. 

The Spiller mine has been known for 
several years as is evidenced by the work 
done by Penrose" prior to 1891. A few 
carloads have been shipped intermittently 
since then, and the most recent shipment 
was in May, 1942, when a 90,000-pound 
car of manganese ore was shipped to a 
government stockpile. 

KoTHMAN TRACT 

The Kothman tract is 3 miles southeast 
of the Spiller mine. The manganese de
posits are silicates which occur as len· 
ticular bands interbedded with quartzites 
and gneisses. Some micaceous and 
garnetiferous schists are present also in 
the surrounding area. Following is a sum
mary by Harder12 of these deposits. 

Manganese deposits occur here as lenticular 
beds interbanded with gneiss on the west slope 
of a north and south ridge. The hill consists 
largely of gneiss, but garnetiferous and micaceous 
schists are associated with it. The rocks strike 
north and south and have a nearly vertical dip. 
The lenses, three of which are known, consist 
of manganese silicates stained black at the sur· 
face. They have the same strike and dip as the 
inclosing gneiss, and occur at different levels on 
the slope. The lowest of them has been followed 
for one-half mile along the hillside; it consists 
of chocolate brown andradite and quartz, the 
former decomposed to black oxide near the sur· 
face and along cracks. It is 2 to 10 feet thick 
and contains many subordinate lenses of schist 
or gneiss. The second bed consists largely of 
impure yellow andradite with associated hiotite, 
hornblende, and feldspar, but at its southern end 
it contains considerable tephroite. This deposit 
is discontinuous, varying, where present, up to 
3 feet in thickness. Like the lower layer it is 
somewhat oxidized at the surface, the tephroite 
more so than the andradite. The third lens 
which is on the summit, has a composition simi: 
lar to the lowest. 

HORSE MOUNTAIN 

The Horse Mountain deposits are located 
on the southeast flank of Horse Mountain 
about 5 miles north of Llano, in Lian~ 

11P~nrose, R. A. F., Jr., Manganese. its uses, orea, and 
deposits: Arkansas Geol. SurVey, vol. l, pp. 442-443, 1891. 

12Harder, E. C .• Mane;anese deposits of the United States: 
U. S. Geo!. Survey Bull. 427, p. 124, 1910. 
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County. The deposits are interbedded in 
fine-grained Valley Spring gneiss. The 
strike of the rocks is north and south with 
dips of varying angles to the west. A 
description of these deposits by Paige18 

is as follows: 

Both north and south from these pits at inter· 
vals small showings of oxide and silicate may be 
seen. An examination of the pits shows clearly 
that the oxide present is a decomposition product 
formed from the silicates, which are observed in 
place. Both spessartite (a manganese garnet) 
and piedmontite (a manganese epidote) may be 
found in considerable abundance. They are 
associated with the quartz and feldspar in grains, 
forming layers and probably represent meta· 
morphic equivalents of the original elements in 
the sediments. A microscopic examination of a 
specimen showed spessartite garnet intergrown 
with epidote accompanied by much muscovite 
and quartz and some magnetite. Decomposition 

13Paige, Sidney, op. cit., p. 82, 1911. 

in this vicinity is very shallow, and below the 
oxidized zone the deposits, because of the silicate 
nature of the minerals and their discontinuity 
and leanness, are without commercial value. 

The following table gives some analyses 
of manganese ores from central Texas: 

Analyses of manganese ores from central 
Texas.14 

Mn Fe SiO. 
Spille~ mine .... 57.87 1.28 5.28 

.... 64.60 2.22 10.22 

.... 48.54 3.30 21.12 

.... 56.57 1.10 5.85 

.... 61.59 

.... 42.75 9.70 
Kothman tract 15.57 21.82 37.24 

" 23.79 11.14 36.24 
45.58 3.86 28.57 

Horse 
Mountain .... 24.60 3.22 35.93 

HPenrose, R. A. F ., Jr., op. cit. , p. 440, 

p 

0.012 
0.012 
0.024 
0.042 
0.025 

None 

Cao 

10.16 
2.04 
0.30 

8.48 





NOTES ON DOLOMITE IN POTTER AND MOORE COUNTIES, TEXAS 

LINCOLN E. WARREN 

INTRODUCTION 

In the upper portion of the Rustler 
formation (Permian) of Potter County, 
Texas, there occurs a very persistent 
bed of dolomite which is exposed as 
the cap rock of the bluff of Canadian 
River and can be traced for several miles. 
This dolomite was described by Gould1 

in 1907 and named the Alibates dolomite 
lentil from exposures along Alibates Creek 
in northeastern Potter County. 

Sections of this dolomite were measured 
by the writer in July 1943 at four locali
ties, two at the type locality on Alibates 
Creek in northeastern Potter County, one 
at the mouth of Short Creek in south
eastern Moore County (fig. 64), and one 
at the head of John Ray Creek on the 
Amarillo-Dumas highway, Potter County. 
The outcrop at John Ray Creek is small 
but is the only exposure in that area. 
Samples taken at each locality were 
analysed by Mr. R. M. Wheeler in the 
laboratory of the Bureau of Economic 
Geology. 

DESCRIPTION OF SECTIONS 

The Alibates dolomite lentil is a mas
sive, white, crystalline dolomite, more or 
less cherty in places. It exhibits on 
weathered surfaces fine laminations which 
are wavy and plicated in structure. Many 
very fine black flecks are disseminated 
through the dolomite and are readily seen 
on fresh surfaces. In numerous places the 
dolomite ledge is great! y jointed, causing 
the slopes of the high hills to be covered 
by many rectangular blocks. In the north
eastern part of Potter County where the 
dolomite covers the surf ace, the joints 
were observed in every place where they 
were not covered by a mantle of soil. 
The joints possibly extend throughout the 
thickness of the bed. Large boulders of 
flint were observed on the talus slopes of 
the hills, but nowhere were these boulders 
observed in place. Some flint and chert 
occur in the dolomite but only in small 
oblong masses. 

"Gould. C. N., CeoloCJ and water re1ourcee of the weetorn 
portion of tbe Panhandle of Texu: U. S. Geol. Suney 
Water-Supply Paper 191, p. 17. 1907. 

In many places the Alibates dolomite 
occurs as two distinct beds separated by 
about 4 feet of red shale or sand. How
ever, in all of the sections measured except 
one (Joe. no. 31562) the upper bed is 
missing, and it has been either removed by 
erosion or is covered by the overlying soil 
and gravel. This relationship often is 
difficult to distinguish. 

One of the most characteristic features 
of the dolomite ledge is the extremely 
erratic dips. In the northeastern part of 
Potter County, the ledge apparently fol
lows the present topographic expression. 
These erratic dips are probably due to the 
solution of the underlying gypsum beds 
and the incompetent shales and sands of 
the lower formations. 

The average thickness of the dolomite 
in the measured sections can be safely 
taken as the average thickness of the 
dolomite in this area. The exception will 
be in the areas where the two dolomite 
beds are present, but the thickness in these 
areas will not differ far from 9 feet for 
the lower bed and 2 feet for the upper bed. 

Samples in the interval 0-5 feet taken 
from localities no. 31560 and 31563 were 
stained with Lemberg's solution, and the 
results showed that both samples were 
a good dolomite. There was only one thin 
calcite vein in no. 31560. 

A detailed description of the measured 
sections follows: 

Section of outcrop of Ali bates dolomite meas
ured on west bluff of John Ray Creek at cross
ing of Amarillo-Dumas highway (U.S. highway 
No. Efl), 6.8 miles north of Canadian River high
way bridge, Potter County, Texas; locality no. 
31560 (fig. 65). 

C. Light gray, finely crystalline, massive 
dolomite. On weathered surfaces 
exhibits wavy laminations which 
are plicated in structure. In places 
are small areas of brecciation 
which are not apparent on fresh 
surfaces. Becomes cherty near the 
top. Contains many small black 
flecks evenly disseminated through-

Thick
ness 
Feet 

out the bed______________________________ 11.7 
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Fig. 64. Index map of Potter and Moore counties, Texas, showing locations of dolomite 
sections measured and sampled for chemical analyses. 
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Fig. 65, Section at locality no. 31560 on west bluff of John Ray Creek at crossing of Amarillo
Dumas highway, 6.8 miles north of Canadian River highway bridge, Potter County, Texas. 



262 The University of Texas Publication No. 4301 

B. Platy, finely bedded red shale; des· 
sication cracks small; grade up-

Thick· 
ness 
Feet 

ward into finely bedded, light gray 
siltstone until just below (C), 
where it becomes a light gray to 
pinkish-gray, mottled siltstone.......... 7.0 

A. Compact, massive, fine sand, weather
ing light gray with dark red mot
tles. Bedding not apparent. Changes 
laterally to a dark red, very fine 
sand --····---··························-·-··- 6.8 

Total ····--···-····-··········-·--····- 25.5 

Section measured on west bluff of left (west) 
tributary to Alibates Creek, approxirnately 500 
feet east of a gas well and 1.2 miles airline north
west of Tim Kegans' house on the Julian Bivins 
estate, Potter County, Texas; locality no. 31561. 

Thick
ness 
Feet 

C. Soil, sand, and gravel overburden____ 11.2 
B. Alibates dolomite, light gray; com-

pact; exhibits small wavy streaks 
on weathered surfaces; some brec
ciation and many small black fiecks 
evenly disseminated throughout 
(visible only on fresh surfaces). 
Upper portion badly weathered due 
to the numerous joints ··-···- ············- 9.8 

A. Talus slope covered by soil and nu
merous blocks of dolomite. Ap
proximately - --- -··········-····-- ····- 50.0 

Total ··-···--······- .. --.................... _ 71.0 

Section measured at mouth of Short Creek on 
east bluff, 0.8 mile from south county line and 
1.5 miles from east county line, 2.9 miles airline 
southwest of Fritch, Hutchinson County, depot, 
200 feet northwest of B. M. 3110, Moore County; 
locality no. 31562. 

E. Soil and gravel overburden ................ _ 
D. Dolomite, light gray, extremely brec

ciated and recemented, badly 
weathered and jointed ....................... . 

C. Fine, compact, massive, dark red sand-
stone ··--··- ------.-- .. ··-·····-··-- ··-

B. Compact, crystalline, light gray, mas
sive dolomite, showing darker wavy 
laminations on weathered surfaces. 
Jointing and brecciation seem to be 
carried to the extreme with much 
secondary solution and redeposition 

Thick
ness 
Feet 

8.0 

2.1 

4.7 

of pulverulent dolomite in many 
filled cavities. No chert was ob-

Thick
ness 
Feet 

served ·········-·--- ........................ _...... 9. 7 
A. Talus slope covered. Approximately .. 120.0 

Total ························-··········--- ···- 144.5 

Section of outcrop of Alibates dolomite meas
ured on the north bluff of a right tributary to 
Alibates Creek, approximately 200 feet west of 
a secondary road and 1 mile airline north of Tim 
Kegans' house on the Julian Bivins estate, Potter 
County; locality no. 31563 (fig. 66). 

G. Light gray, massive dolomite, upper 
portion badly jointed and weath-
er~d; contains very fine-grained 
brecci•tion dolomite seams ranging 

Thick
ness 
Feet 

from one-fourth of an inch to 3 
inches in width .... _··---·········-··--·- 10.8 

F. Finely bedded, loose, f1i•ble, light 
gray, very fine sand or s1hotone. 
Contains no impurities and is ln 
sharp contact with the dolomite 
above - ···········--··········- ················-··- 2.3 

E. Finely bedded, dark red or maroon, 
sandy shale - ·······-········-·············-···· 2.5 

D. Compact, massive, red, fine sand. No 
apparent bedding but is jointed. 
Contains mottles of light gray sand .. 8.0 

C. Compact, irregular-bedded, sandy, 
red shale; upper portion becomes 
more sandy and grades into (D) 
above ····················--- ·-····················- 2. 7 

B. Hard, impure, reddish, crystalline 
dolomite stringer, highly irregular 
in the section but maintaining uni
form thickness. The basal portion 
is very sandy and is dark red ···-·-· 0.3 

A. Dark red, friable shale; exhibits some 
vertical slickensides; poorly bedded. 
Dessication cracks small but nu-
merous ··-·--······-···-·--··················- 0.5 

Total ··········-·····-·············--·········· 27.l 

CHEMICAL ANALYSES 

Each section of the dolomite was divided 
into two intervals measured from the bo~
tom to the top. Chip samples were taken 
every 2 or 3 inches within each interval 
throughout the thickness of the bed. In 
the section measured at locality no. 31562, 
two beds of dolomite occur, and these 
were sampled separately. 
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Lab. sample Locality 
number number 

76 31560 
77 31560 
78 31561 
79 31561 
80 31562 
81 31562 
82 31563 
83 31563 

Analyses of samples of Alibates dolomite from Potter and Moore counties, Texas. R. M. Wheeler, analyst. 

Total: 
Calculated insoluble, 

Interval Acid car bona tea R20a, CaCOa, 
in feet insoluble R20a CaO MgO CaCOa MgCOa and MgCOa 

0-5 1.80 0.64 30.40 20.90 54.25 43.70 100.39 
5-11.7 1.52 0.40 30.80 20.64 54.97 43.16 100.05 
0-5 1.74 0.76 30.10 20.90 53.72 43.70 99.92 
5-9.8 2.16 0.74 29.80 20.90 53.18 43.70 99.78 
Lower bed J.46 0.36 30.60 20.84 54.61 43.60 100.03 
Upper bed 2.14 0.84 31.10 19.82 55.50 41.44 99.92 
0-5 2.16 0.46 29.90 20.80 53.36 43.52 99.50 
5-10.8 1.16 0.48 31.00 20.72 55.32 43.34 100.30 

Calculated 
minerals 

Dolomite Calcite 

96.30 
95.10 
96.30 
96.30 
96.20 
91.30 
95.80 
95.50 

2.05 
3.40 
1.52 
0.98 
2.50 
6.00 
1.43 
3.58 
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LIMESTONE ON DAMON MOUND, BRAZORIA COUNTY, TEXAS 

ELVIN M. HURLBUT, JR. 

The Coastal Plain of Texas is a large, 
fairly thickly populated area. Within its 
boundaries are many important industries 
which use large quantities of minerals 
and rocks, not the least important of which 
is limestone. However, limestones are 
relatively rare in the Coastal Plain. This 
rarity is due to the particular conditions 
of sedimentation which existed during the 
time of deposition of the Coastal Plain 
sediments. Limestones that are used in 
this area must be shipped long distances 
from sources in the north or west. 

In the Coast Prairie portion of the 
Coastal Plain, limestones are very rare. 
Those that are present in the geologic sec
tion lie beneath thousands of feet of sedi
ments. However, the cap rock of the salt 
domes of this area characteristically con
tains a limestone or calcitic component. 
Most salt domes lie too far beneath the 
surface for their limestone cap to be 
exploited. However, on the Damon Mound 
salt dome a limestone, probably the cap 
rock, comes to the surface. 

LOCATION 

The Damon Mound is located in the 
northwestern portion of Brazoria County 
on the south side of State highway No. 36 
near the Fort Bend County line. The 
mound, which was created as a result of 
the upward movement of the underlying 
salt plug, is quite conspicuous in the flat, 
featureless, low-lying prairie country of 
the Gulf Coast. The location of Damon 
Mound in the Gulf Coastal Plain area is 
indicated on Plate L 

On account of its prominence in the 
flat Coast Prairie the mound was well 
known to the early settlers of Texas. The 
first published account of Damon's Mound 
is found in the newspaper Telegraph and 
Texas Register, vol. 2, no. 27, July 22, 
1837, published in Houston, Texas. There 
under the heading "Geography of Texas. 
Brazoria County. Natural Curiosities.-" 
the following item is given by an anony
mous local resident: 

Near the northern boundary of this county 
twelve miles above Columbia is a singular swell
ing of land about 100 feet high, and a mile or 
a mile and a half in circumference, forming a 
long regularly oval knoll, which attracts the notice 
of every traveller, as it is the only eminence 
which breaks the uniform level of the surround
ing country to the extent of forty or fifty miles 
on either side. Its singular form and situation 
have obtained for it the distinctive title of "The 
Mound." There are two similar but smaller 
hillocks in the county, one about midway be
tween Austin's and Chocolate bayous, near the 
bay; the other nearly midway between the 
Brazos and Bernard, near the coast; the summit 
of the latter is decorated with several Muskit 
trees, which are probably the only trees of this 
kind in the whole county. 

GEOLOGY AND ORIGIN 

The surface formation on and around 
Damon Mound is clay of Beaumont age. 
Bevier1 reports that some gravel, probably 
Lissie in age, is present on the eastern 
side of the mound. 

Fundamentally, the subsurface geology 
consists of sediments from Jackson through 
Fleming in age, which are dipping very 
steeply off the salt dome, and Pliocene 
and Pleistocene sediments, which overlie 
the cap rock. The formations mentioned 
are only those penetrated by the drill. 
However, at one place on the mound lime
stone is exposed in a small quarry (see 
fig. 67) . This limestone has been men
tioned in the literature. One reference 
states: "At Damon Mound the Heteros
tegina lime is found at the surface. This 
is the oldest known bed exposed on the 
Coast and shows an uplift of 6000 feet."2 

Another Yearbook of the National Oil 
Scouts Association of America mentions 
the fact that the cap rock of the dome is 
exposed at the surface.• 

Since there seemed to ~e two opinions 
on the matter, and the object of contro
versy being easily accessible for study, the 
locality was visited, and samples were 

lBevier, C. M. , The Damon Mound oil fie ld, Texas : Bull. 
Amer. Assoc . Petr. Ceol. , vol. 9, p. 521, 19'l5. 

2National Oil Scouts Association o( America, Yearbook, p. 
185, 1935. 

8Jdem, p. 77, 1936. 
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Fig. 67. Map of north part of Brazoria County, Texas, showing location of limestone outcrop on 
Damon Mound salt dome (outlined by broken line circle). 

taken. The samples were taken from holes 
in the bottom of a shallow, abandoned 
quarry at a road turn approximately 0.3 
mile south of the school in the town of 
Damon. In addition to the rock samples, 
five samples of sandy clay were taken 
from auger holes near the edge of the 
quarry. These were washed and examined 
but contained no fossils. From every in
dication the rock appears to be cap rock 
and not Heterostegina limestone. What
ever it is is inconsequential for economic 
purposes; the fact remains that a pro
ducible limestone is locally available on 
the surface in an area where such rock 
is scarce. 

DESCRIPTION 

The rock is a hard, compact, rust
colored, fine-grained limestone with many 

veins and druses of cloudy calcite. Some 
of the veins and pockets have not been 
completely filled, giving the rock a warty, 
irregular appearance. A crusty covering 
of travertine or caliche-like material forms 
the outer portion of the rock. This feature 
may not be present at depth. 

Under the microscope, the limestone 
consists of fine-grained, interlocking calcite 
crystals with masses of iron-stained, finer· 
grained calcite crystals dispersed through
out. Fine specks of limonite and magnetite 
or ilmenite are present. Quartz crystals 
are scattered randomly through the matrix 
in varying amounts. 

CHEMICAL ANALYSIS 

The following chemical analysis of the 
limestone was made by R. M. Wheeler of 
the Bureau of Economic Geology. 
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Chemical analysis of Damon Mound cap rock. 

Per cent 

~10~i~~-~~~~-=:=::::::=::::::=::::::::::::::::::::::::::: 3~:~! 
Fe,Os ···········-···-···-····································· 0.51 
AJ,O, - ----···---·-·······················-··············· 2.83 
Cao ·····--·-··- -··-···-···-------··················-· 48.22 
MgO ···········-······-················-······················· 0.27 

The percentage of silica, Si02, shown 
above is high for limestones but is to be 
expected on account of the arenaceous 
residue and the quartz crystals in the thin 
sections. Certain elements were known to 
be present in some of the detrital grains, 
for example, titanium in rutile, but did 
not show up in the chemical analysis be
cause of the very small amounts. All 
of these are probably grouped in with 
Fe20 3• 

INSOLUBLE RESIDUE 

An insoluble residue of the limestone 
was prepared. The procedure was as 
follows: first, the limestone was crushed 
to particles not exceeding 3 centimeters 
in length and 1 centimeter in width and 
breadth, the average size being approxi
mately 1.5 to 2.0 centimeters. Pieces were 
selected which seemed to be representative 
of the cap rock itself and not the secondary 
caliche-like material. These selected pieces 
were weighed, placed in a beaker, and 
covered with 3 per cent solution of C. P. 
hydrochloric acid. At intervals, after 
chemical action had ceased for that 
amount of acid, this was decanted and a 
new portion added. After all the particles 
had been digested, the residue was washed, 
dried, weighed, then wetted again and 
separated into a clayey portion and an 
arenaceous portion. The total residue 
comprised 20.6 per cent by weight of the 
sample. In volume the arenaceous portion 
approximately equals the clayey portion 
times a factor of 2. The clayey portion of 
the insoluble residue is a yellow-brown, 
uniform clay, while the arenaceous portion 
falls into the classification of a very fine 
sand according to Wentworth's modified 
Udden scale. It is composed primarily of 
quartz crystals less than 0.1 millimeter; 
however, there are a few larger grains 
present. Heavy minerals are present also. 

A microscopic size analysis of the sand 
was made and plotted on a graph. The 
procedure of the microscopic size analysis 

is that outlined by Krumbein and Petti
john! 

The larger percentage of grains have an 
intermediate diameter of 64.8 microns or 
0.0648 millimeter, which barely falls 
within the very fine sand grade of the 
Wentworth scale; however, the average size 
of the grains, obtained by totaling the 
intermediate diameters of all the grains 
and dividing by the number totaled, is 
87. 7 microns, which lies well within the 
grade. See figure 68. 

A specific gravity separation was per· 
formed on the arenaceous portion with 
the use of bromoform (specific gravity 
2.8). The heavies were mounted on slides, 
mineral species were identified, and the 
percentages were plotted on a graph. The 
heavy residue consists mainly of white and 
black opaque minerals, tourmaline, and 
zircon. Rutile, pyrite, and green horn
blende are present in minor amounts. The 
black opaque minerals are probably 
magnetite or ilmenite or both. It is dif
ficult, if not impossible in many cases, to 
differentiate between these two in detrital 
grains. The white opaque minerals could 
not be identified with satisfaction; how
ever, leucoxene may be present in the 
group. It does not appear to be leucoxene 
in its typical state. Should this be leu
coxene, it would be a strong point in favor 
of ilmenite for some of the black opaques, 
since leucoxene is an alteration product 
of titanium-bearing minerals such as 
ilmenite and titanite. See figure 69. 

The light fraction of the separation con
tained euhedral quartz crystals which may 
be parts of the quartz "rosettes" of 
Brown.• 

USES 

The Damon Mound cap rock has been 
used as a building stone, for it was the 
necessity for such a material that led to 
its being quarried. The original quarry 
is quite shallow and filled with soil washed 
in from the surrounding area. Records 
state that the quarry was abandoned 
because of water encroachment. It seems 
reasonable to suppose, since the quarry 
is on the side of the mound, that any 

Se~~~~~~a~i;· P!';og~~~h;,ndpp~et;~ji~~9. Fi1/-i7s,M:~~aL30~~ 
D. Appleton-Century Company, New York, 1938. 

5 Brown, L. S., Cap-rock petrography ; BuU. Amer. Assoc, 
Petr. Geol., vol. JS, p, 514, 193l , 
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water admitted to the soil cover and 
porous country rock during rains would be 
conducted down the side of the hill and 
out into the prairie. Such a condition 
should keep the quarry free from water; 
however, a drain conceivably could be 
constructed to accelerate drainage im· 
mediately following rains. 

Since the surface formation of that 
portion of the Gulf Coast is composed of 
clay, country roads become almost im· 
passable during rainy weather. That por· 
tion of the Gulf Coast is very humid, and 
rains are fairly frequent. Road metal to 
top the clay base of these roads is very 
desirable in this area. 

Because of the low prices that crushed 
stone of this nature brings, the market 
necessarily must be near by, and trans· 
portation must be relatively short. Such 
a deposit could hope to service only a 
small area so as to keep within the limits 
of profit; however, since this deposit is 
unique, there is a possibility that the 
radius of consumption could be extended 

farther than usual and ~till remain on a 
profit basis. 

Riprap is another possible use for this 
stone. Riprap is a material consisting of 
irregular heavy particles of stone usually 
used as a protection against erosion; for 
example, breakwaters, spillways of dams, 
and fills across swampy land. 

Since the stone has been used for build
ing purposes in the past, there is no reason 
why it can not be used again, at least in 
the local area and in the form of rough 
untrimmed stone. 

Should anyone care to investigate the 
possibilities of opening this deposit, the 
writer suggests that the water problem be 
considered first, because it is the primary 
unknown factor that could prohibit the 
profitable exploitation and use of this 
rock. 
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THE ORIGIN AND DISTRIBUTION OF SPICULITE NEAR LAMPASAS, 

LAMPASAS COUNTY, TEXAS1 

H. GORDON DAMON 

INTRODUCTION 

Three types of organisms are responsi
ble for a large per cent of siliceous 
deposits, namely, diatoms, radiolaria, and 
sponges. The original deposits consisting 
of the siliceous tests of diatoms are referred 
to as "diatom oozes" and the consolidated 
rock as "diatomite."2 Those deposits com
posed principally of the tests of radiolaria 
are known as "radiolarian oozes" and the 
consolidated rock as " radiolarite. "• Both 
oozes may contain lime, diatom ooze from 
2 to 36.34 per cent and the radiolarian 
ooze from 0 to 20 per cent, which may act 
as a cementing material. "When lime
stones, sandstones and shales contain con
siderable admixtures of diatoms they may 
be qualified by use of the adjective 
diatomaceous."4 The deposits under 
consideration in this paper are composed 
largely of sponge spicules and were 
formed by the consolidation of a spiculose 
ooze and the later removal of the cement
ing lime by solution. They are, there
fore, given the name of "spiculite,'" and 
the limestone containing a considerable 
per cent of such spicules is referred to as 
"spiculose limestone." The word " tripoli" 
is not used as a designation of such de
posits. This term has received a variety 
of applications and is often used to refer 
to the decomposition product of chert. 

lThe information contained in this paper was gathered 
during the summer of 1942 by a unit of the Work Projects 
Administration Paleontologic-Mineralogic Survey. apontored 
by the Bureau of Economic Geology, The University of 
Texas, and under the supervision of the writer. 

2Twenhofel, W. H., Treatise on Sedimentation, 2d ed., The 
Williama and Wilkins Co., Baltimore, pp. 514-516, 1932. 

3fdem, pp. 516-518. 
4/dem, p. 516. 
GThe definition of the term "spiculite" as here used wu 

proposed by the writer jo manuscript submitted to the 
Bureau of Economic Geology December 22, 1942. V. E. 
Barnes, page 171 of this publication, uses the term 
"apiculite" ae the name of a rock .. composed of sponge 
spicules in a very fine-grained groundmaH of calcite." Dr. 
J. A. Udden in 1927 (Univ. Texas BuU. 2703, Pl. 5) used 
the term "spicule rock" to apply to .. limestone containing 
spicules of sponges in great profusion," this being essentially 
the same meaning as Barnes' definition of the term "spicu· 
lite." In the "Index tQ Texas Mineral Resources," pp. 359-
383 of this publication, and in the explanation to Plate I, this 
material is referred to as tripoli, this being the term hereto· 
fore used for this material. [Editor.] 

Spiculite beds occur in the Marble Falls 
formation of Pennsylvanian age where 
this formation outcrops as an inlier of the 
Cretaceous west and southwest of the city 
of Lampasas, Lampasas County, Texas. 
The location of the spiculite (tripoli) 
deposits is shown on Plate I. These beds, 
snow-white when fresh or slightly yellow
ish on weathering, present a striking color 
contrast with the surrounding dark lime
stone. (See Pl. XV.-A.) Their occurrence 
is erratic. Outcrops of nearly pure silica 
may grade abruptly into limestone, or 
unaltered limestone beds may alternate 
with beds of spiculite. Lime is generally 
absent or nearly so from most of the 
spiculite, but at some horizons clay is 
present as an impurity or in thin alternat
ing strata. (See middle and upper beds 
of McNett Creek, Pl. XV-A.) 

DESCRIPTION OF LOCALITIES 

While outcrops of spiculite are scattered 
throughout the limits of the Marble Falls 
inlier, certain localities, because of their 
accessibility and the extent and purity of 
the deposits, offer better opportunities for 
exploitation. These localities lie within 1 
mile of the Lampasas-Naruna (old Llano) 
road, a well-graded dirt road, and are 
accessible in good weather or can readily 
be made so. Paved U. S. highway No. 
281 is within 3 or 4 miles of the localities, 
and from the city of Lampasas paved 
highways extend north, south, and east 
and the Santa Fe and Southern Pacific 
railroads connect with outside points. The 
locations of the several localities described 
below are shown on the map of the area 
(fig. 70). 

McNett Creek.-McNett Creek has its 
source 2 miles south of Sulphur Creek and 
flows into Sulphur Creek near a crossing 
on the Naruna-Lampasas road 3.4 miles 
southwest of Lampasas. Spiculite is ex
posed at siiveral places along the valley 
walls and in the stream channel. (See 
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(A) Beds of spiculite on McNett Creek, Burnet County, Texas. 

(B) Small monocline and fault on Pillar Bluff Creek, Burnet County, Texas. 
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map, fig. 70.) It is also present to a 
depth of 10 or more feet beneath the 
stream bed and the flood plain. The 
deposits occur in definite stratigraphic 
units or zones which correspond to un· 
altered limestone zones containing an 
abundance of sponge spicules. These 
zones are persistent in this locality, and 
the grade of spiculite depends upon its 
stratigraphic level. In the stratigraph· 
ically lower zones present in and beneath 
the stream channel and flood plain, the 
spiculite is well stratified, friable, and 
consists of almost pure silica in the form 
of sponge spicules. In the upper zones 
the softer beds alternate with a harder 
chert-like form of spiculite and thin beds 
of clay. 

The Milwhite quarry (Statiofi 1) repre· 
sents the only attempt at exploitation of 
the spiculite in this region. Here a large 
part of the better grade of spiculite has 
been removed, leaving mostly the less 
pure or incompletely altered rock. To 
the northeast, however, at Station 5, 15 
feet of the better grade of spiculite is 
exposed, overlain by 10 feet of the more 
cherty material. The prospects for suc
cessful exploitation at this station as well 
as along the intervening slope between 
Stations 1 and 5 are excellent. West of 
the creek (Stations 2, 3, and 4) spiculite, 
in places incompletely formed (Station 2), 
is overlain by unaltered limestone, so that 
successful exploitation is doubtful. 

Station 
Pit or Quarry 

Sp1culite oui·c1·op 
Trinity (C r etaceous) 

~a.rble Falls (Penr.::;yl·/a.n1a1,l 

SCALE 
1000 500 ' ')() FEET 
~~---

Cmf 

t 
N 

Fig. 70. Geologic map of parts of Burnet and Lampasas counties showing outcrops of spiculite. 
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At Station 1 a zone of spiculite extends 
to a depth of 13 feet below the surface. 
Up the creek to the south the deposit is 
interrupted by a tilted block of unaltered 
limestone (Station 34) but continues 
farther up the creek (Stations 6, 7, and 
8) beneath the stream bed and flood plain. 
Since the spiculite, though excellent in 
quality, lies mostly beneath the water 
table, its removal will require pumping 
or other means of diverting the water. 
Pits dug at two places (Stations 7 and 8) 
indicate that the thickness of the alluvium 
overlying the spiculite varies. At Stations 
9 and 10 only the upper, less pure zone of 
spiculite is exposed, and at Station 10 
this is overlain by Cretaceous conglomerate 
and limestone. 

Wheeler ranch.- The ridge on Wheeler's 
ranch dividing the watershed of Pillar 
Bluff Creek from that of McNett Creek is 
capped in places by the basal Cretaceous 
conglomerate or by loose gravels remain· 
ing from the weathering of the conglom
erate. Spiculite beds dipping slightly 
eastward outcrop along the west side of 
the ridge (Station 12) with a total thick· 
ness of 12 feet but are overlain on the 
eastern side by unaltered limestone. 
Farther south spiculite outcrops southeast 
of the Wheeler ranch house and is present 
beneath 8 feet of talus at Station 13. The 
spiculite at Station 12 is fairly pure, soft, 
and accessible and the covering rock easily 
removed. Small scattered outcrops of 
spiculite occur along the top and west flank 
of the ridge farther south, but at Station 
14 the limestone underlying the Cretaceous 
cover is unallered. 

Pillar Blufj.-Along the last half mile 
of its course, before uniting with Donal
son Creek to form Sulphur Creek, Pillar 
Bluff Creek flows over a hard ledge of 
black limestone underlain by spiculite 
(Station 15 to Station 16). This bed of 
limestone is shattered, and large blocks are 
tilted exposing the underlying spiculite 
and revealing a highly contorted and 
folded structure. South and west of Sta· 
tion 16 small deposits of spiculite are 
present along the main creek and the 
more easterly branch. At Station 17 
spiculite outcrops in a small bluff, and 
the lower 7 feet of this is pure and over
lain by 10 feet of spiculite alternating 
with chert. More spiculite outcrops on the 

slope toward the Jones house and along 
the road. For one.half mile southward 
from Station 17 spiculite underlies the 
flood plain of the creek and is then re· 
placed by unaltered limestone. 

The divUle between Donalson Creek and 
Pillar Bluff Creek.-The divide between 
Donalson Creek to the north and Pillar 
Bluff Creek to the south is capped by 
the basal Cretaceous conglomerate which 
reaches a thickness of 25 feet or more. The 
north slope of the divide is on land owned 
by Mr. E. S. Hunt and the south side on 
land owned by Mr. Eric Matthews. Spic
ulite outcrops in several places along the 
road from Pillar Bluff Creek to Station 19 
and up the slope to the north of the road. 
The base of the Cretaceous conglomerate 
lies 55 feet above the bed of Pillar Bluff 
Creek. Of this the lower 25 or 30 feet 
are covered. The upper 25 or 30 feet 
represent a workable deposit. Of this 
deposit the lower part exposed along the 
road is a well-altered grade of spiculite. 
The upper part was investigated by dig
ging a pit at Station 18, just below the 
level of the Cretaceous contact, to a depth 
of 9 feet. This showed an alternation of 
three 4·inch chert beds with from 6 to 
21/z feet of a rather impure grade of 
spiculite containing clay and some sand. 

At the 40.foot bluff on the north side 
of the divide (Station 20) the lower 5 feet 
near the creek level includes a partly 
altered limestone. The 7 feet overlying 
this consists of well ·altered pure spiculite. 
The 6·inch cherty spiculite bed above this 
is overlain by a lO·foot zone of impure 
spiculite containing clay. This is followed 
by a covered slope of 15 feet with loose 
spiculite slabs on the surface. The bluff is 
capped by the basal conglomerate of the 
Cretaceous. 

Shepherd ranch.-Spiculite is here 
found in two positions, one along the beds 
of small gulleys tributary to Sulphur 
Creek (Station 22) , the other along the 
escarpment to the north beneath the basal 
Cretaceous conglomerate. Deposits in 
the first position are not extensive. A pit 
was dug at Station 23 to determine the 
general extent beneath the flood plain of 
Sulphur Creek, but the deposits were not 
reached at a depth of 8 feet. Approxi· 
mately 15 feet of spiculite is exposed along 
the escarpment to the north of Shepherd's 
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ranch house extending a quarter of a mile 
to the northeast and a short distance to 
the west. 

Harris ranch.-Spiculite is present south 
of Sulphur Creek on land belonging to 
Mrs. F. T. Harris. A bluff, 50 feet high, 
extends along the south bank of the creek. 
A small tributary stream flows into the 
creek through a gap in the bluff between 
Stations 28 and 29. The flood plain of 
this small tributary is underlain by 
spiculite as far south as the Cretaceous 
rim. Near its mouth at Station 29 the 
stream has cut through the spiculite zone, 
and a deposit of spiculite 10 feet thick 
overlies a massive crinoidal limestone. 
Above the spiculite, the thin-bedded lime· 
stone of the slope is unaltered. On the 
opposite side of the gap at Station 28 the 
same zone is altered for a few feet back 
into the bluff. Of the several exposures 
of spiculite up the several branches of the 
tributary creek, that at Station 30 is the 
largest, possessing a thickness of 9 feet. 
At Station 31, evidently higher in the zone, 
the spiculite is interbedded with clay. 
Small amounts of spiculite of a good 
quality may be obtained at Stations 29 and 
30 and at several smaller exposures. A 
large exposure in this vicinity was not 
located, but the deposit may be continuous 
beneath the flood plain. 

Miscellaneous deposits.-The limestone 
bluff on the south side of Sulphur Creek 
at Station 24 contains two zones of 
spiculose limestone, the beds dipping in a 
northeasterly direction. About 500 feet 
down the creek (northeast) the lower 
zone disappears beneath the creek floor, 
and at 1000 feet the upper zone forms the 
south bank of the creek but has been 
altered to spiculite. From there to Station 
25 the beds approach horizontal but are 
slightly undulating. At Station 25 the 
deposit of spiculite ends at a small east· 
west trending fault. Southeast of the 
creek, surface exposures and exposures in 
small sink holes indicate a limited deposit. 
Farther southward toward Station 27 this 
spiculose zone remains unaltered. 

North along Donalson Creek to the 
Hunt ranch house and then westward 
along Donalson and Espey Creeks several 
exposures of spiculite indicate a further 
extension of workable deposits which have 
not been studied in detail. 

Northeast of the area mapped in Han
cock Park southwest of the city of Lam
pases, a small bluff of spiculite 8 to 10 
feet high forms the west bank of Sulphur 
Creek. North of this exposure, in the 
western part of Lampasas, residents and 
well drillers report several feet of spiculite 
in wells at this horizon. 

COMPOSITION AND PHYSICAL 
PROPERTIES 

Under the microscope spiculite appears 
as a mass of spicules, rod-shaped and, 
when not broken, pointed at one end. The 
spicules are perforated longitudinally, the 
small tube part! y filled, usually, with 
some foreign substance. Except in rare 
instances they are unbranched and gen
erally straight or slightly curved. The 
length varies, with a maximum of 0.5 mm. 
and an average of approximately 0.2 mm. 
The diameter is 0.1 mm. or less. No 
general direction of orientation could be 
detected. They are composed of silica, 
crystallized wholly or in part, and show
ing undulatory extinction. The crystal 
orientation in each spicule is generally, but 
not always, constant but differs in dif
ferent spicules. The index of refraction 
is nearly 1.54. A picnometer test for 
specific gravity gave a low result, 2.275, 
but it was impossible to expel completely 
the air or water from the small tubes. 
The silica may be in the form of quartz or 
chalcedony rather than opal, as reported 
in the case of most organic silica. In 
addition to the spicules, small angular 
particles are visible under the microscope 
and doubtless exist in still smaller sizes. 
This fine silica is in part the result of the 
treatment necessary to disaggregate the 
material. 

General physical properties differ some
what, depending upon the degree of silici
fication of the rock and the presence of 
clay. When the limestone is completely 
altered by the removal of the lime, the 
resulting rock is quite friable and the 
particles can be separated by grinding 
gently with a rubber pestle or the hand 
without much destruction of the spicule 
structure. Upon increasing silicification 
it becomes much firmer and more chert
like and can only be completely pulverized 
by hard grinding. The specific gravity of 
the more friable rock is 1.56 and that of 
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the more cherty material is 1.994. A 
specimen containing clay possessed a 
specific gravity of 1.85. In these deter· 
minations the pores of the rock were filled 
with air. 

The permeability and the rate at which 
the rock absorbs water likewise vary with 
its origin and purity. Pure spiculite 
possesses a horizontal permeability of 
.0283 darcys and a vertical of .01915 
darcys.6 A specimen of cherty spiculite 
showed no result with the apparatus used. 
A specimen containing clay showed a 
horizontal permeability of .0198 darcys 
and a vertical permeability of .005 darcys. 
Computations of porosity made from data 
indicated in the previous paragraph, and 
assuming a specific gravity for the silica 
to be 2.275, give a porosity of 31.7 per 
cent. With a specific gravity for the silica 
as in quartz (2.65), the porosity would be 
41 per cent. Water is absorbed by pu.re 
spiculite rapidly up to 16.7 per cent of its 
weight. The following table will give 
some idea of the rate of absorption for 
an irregular-shaped piece of spiculite 
weighing 6.58 gms. 

Table showing absorption of water by spiculite. 

Cc. of water 
per cc. Per cent 
of rock by weight 

Immediately ---------------------- .143 9.2 
After 3 minutes______________ .237 15.2 
After 6 minutes.-------·----- - .257 16.4 
After 9 minutes_______________ .261 16. 7 
After 18 minutes .____________ __ .261 16.7 

Under similar conditions cherty spicu
lite absorbed within 15 minutes .15 cc. 
of water per 1 cc. of rock, or 7.5 per cent 
of its weight, giving it an effective porosity 
under these conditions of 15 per cent. 
More or less impure samples absorb inter
mediate amounts of water. 

Several mechanical analyses of the more 
friable spiculite derived from limestone 
were made with the results indicated on 
Plate XVI. Figure 1 of this plate is a 
histogram representative of the purer 
spiculite. It is better sorted than the others 
with a distinct mode at 1/ 32-1/ 16 grade. 
Figure 2 represents a sample containing 

•Analyaea of permeability were made by Robert Whiting 
of the Department of Petroleum Engineering, The University 
of Texas. 

much clay, figure 3 contains sand, and 
figure 4 contains both sand and chert 
fragments as well as iron stain and is 
apparently reworked material. No an
alysis of the cherty spiculite was made as 
it would merely show the degree of fine
ness to which the material had been arti
ficially ground. 

INDUSTRIAL APPLICATIONS 

The industrial application of silica 
depends largely upon its hardness, its high 
melting point, its chemical inertness, and 
its low thermal and electric conductivity. 
By the term "soft silica" is meant that 
form in which the siliceous rock is so 
friable as to be readily ground into fine 
particles. This occurs particularly where 
it is composed of organic skeletons such 
as diatom remains or sponge spicules. 
The term "tripoli" has likewise been used 
to include these forms of silica as well as 
decomposed chert and siliceous material 
of volcanic origin. 7 Siliceous rocks vary 
considerably in firmness. Diatomaceous 
earth, found in Tertiary deposits of Cali
fornia, Washington, and Oregon, is of low 
density, porous, friable, and chalk-like.• 
"Tripoli" from Georgia and Tennessee is 
a loosely coherent mass of grains 2 microns 
in diameter. That from Illinois is denser 
and firmer, more coherent, with grains less 
than 2 microns in diameter. The deposits 
in Oklahoma and Missouri vary from 
loose, unconsolidated masses to firm, 
coherent grades. Those from Arkansas do 
not break into individual grains but must 
be ground. 

"Tripoli" has been used principally as 
an abrasive. In 1936, 60 per cent of the 
domestic production was used in this way. 
For grindstones and sand paper and such 
coarser abrasives, sand is used, while finer 
grained rocks such as novaculite are used 
as whetstones and hones; but where very 
fine-grained abrasives are needed for 
scouring or polishing or as a substitute 
for pumice in finishing metal and wood, 
varieties of "soft silica" are required. 

Because of its volume and its resistance 
to chemical change, finely ground quartz 
or chalcedonic silica, such as "tripoli," is 

'1ffeinze, C. E., Tripoli, in Industrial Minerala and Rock" 
Amer. ln1t. Min. Met. Eng., New York, pp. 911-922, 1937. 

BCummins, A. B., and Mulryan , Henry, Diatomite, in In· 
duatrial Minerals and Rocb, Amer. Inst. Min. Met. Eng., 
New York, pp . 243-2Sp, 1937. 
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Histograms of four spiculite samples. 

used as a filler. The fine-grained white 
silica of southern Illinois is used as a 
wood filler, as a reinforcer of lead and zinc 
paints, and as an inert material in mixed 
paints and varnishes as a substitute for 
barytes. It is likewise used as an admix
ture in concrete. 

Because of its small thermal conductiv· 
ity, diatomaceous earth from California 
has been used extensively as a heat in
sulator in ovens, refrigerators, walls of 
buildings, refineries, and ceramic kilns. 
This property is due in part to its finely 
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porous structure as well as the poor con
ductivity of silica. 

Where the exposed surface per unit 
weight is quite large, as in the case of 
diatomite (and also spiculite) , and the 
substance is sufficiently porous to permit 
penetration by liquids and gases, it is 
valuable for filtering purposes. Diatomite 
has been extensively used for filtering 
impure oils, syrups, and other liquids. 

Finely divided silica is also useful in 
the manufacture of siliceous products or 
silicates such as water glass, soluble 
silicates, ultramarine glazes, and enamels. 

The economic value of the spiculite 
described in this paper will depend upon 
the following factors: its mode of occur
rence, which will determine the cost of 
mining and transporting it; its degree of 
purity, which will determine the use to 
which it may be put; and its physical state, 
which will determine the cost of milling 
and to some extent its use. Its mode of 
occurrence has already been described in 
some detail in the description of the 
several localities. In general the ex
posures lie along some slope or in the 
flood plain of some creek. In the first 
instance it may be readily mined from 
open cuts, but as operations advance more 
and more into the hillside the overburden 
increases and becomes a factor in its 
removal. This overburden may consist of 
(1) the cherty horizon of the Marble Falls 
formation, which may attain a thickness 
of 25 or 30 feet; or (2) the gravels and 
sands of the basal Cretaceous conglomerate, 
which also attains a thickness of 25 or 30 
feet. The material of the cherty horizon 
consists of alternating chert and marly 
beds which may be removed without resort 
to blasting. The Cretaceous conglomerate 
is generally either loose or partly weath
ered into gravel and sands which may be 
readily removed. However, if the altera· 
tion extends far enough into the hillside 
to justify more extensive mining, it might 
be necessary to blast or tunnel. No mining 
has been attempted of the spiculite lying 
beneath the flood plains of the several 
creeks. If this is done it will be necessary 
to determine its distribution by a series 
of test holes and to resort to some method 
of pumping to keep the ground water 
from interfering with mining operations. 

Where the spiculite is formed from zones 
of black, thin-bedded limestone and the 
alteration is complete, it is quite pure. 
These zones, however, contain in some 
instances beds of chert or thicker limestone 
beds which have been only partly altered. 
While the spiculite may be readily sep
arated from these materials, it will require 
additional time and effort. In the Mil
white open cut and other exposures the 
spiculite in the upper part of the section 
contains clay or is interbedded with it. 
In some cases a certain per cent of clay 
may prove desirable, but this will have to 
be determined in accordance with the 
use that is made of the material. Small 
quantities of iron and other minerals are 
present which may or may not be ad
vantageous. 

When siliceous rock material is used 
commercially it is ground to a standard 
size, suitable for the purpose. The ease 
with which it is milled is important. The 
spiculite formed from thin-bedded lime
stone is quite "soft" or friable and, al
though the spicules may be larger than 
desired, they are readily broken into any 
desired size. The thicker beds are some
what less friable, and the cherty beds are 
quite firm and may contain a core of hard 
chert. 

THE SOURCE ROCK 

Most of the spiculite in this area was 
formed from a sooty black, thin-bedded 
limestone. Sections of this limestone may 
be traced in the field to sections of spicu
lite. Individual beds may also be so 
traced and hand specimens collected show
ing the change with a transition zone 
between. Such a specimen collected from 
the Milwhite quarry contains black lime
stone at one end and a yellowish spiculite 
at the other with a brown transition zone 
between. The change is effected by the 
removal of the lime and the black organic 
matter leaving an insoluble residue of 
siliceous material. An analysis of the 
above-described specimen gives the fol
lowing results: 

Per cent 
siliceous 
residue 

Black limestone -------------------------------------------- 33.8 
Intermediate rock ---------------------------------------- 52.8 
Impure spiculite ------------------------------------------ 88.4 
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This siliceous residue consists prin
cipally of sponge spicules. The presence 
of sponge spicules in limestone has long 
been recognized and was reported from 
limestone of Pennsylvanian age by Ulrich 
in 1890.9 Later, Weller10 described 
twelve species of siliceous sponges from 
Pennsylvanian rocks basing their classi
fication on differences in spicule types. 
The presence of these spicules in certain 
limestones may be observed with a mag
nifier, and even a superficial examination 
will identify their abundance with zones 
of thin-bedded, black limestone. The fol
lowing section taken from Station 24 with 
analyses of the several kinds of rock shows 
two spiculose zones. 

complete. Sections of spiculite may con
tain one or more of the thicker beds either 
unaltered or only partly altered. The 
spiculite from the thicker beds is also 
firmer in texture and less readily pul
verized. 

Black chert is in many places inter
bedded with the limestone. This chert 
shows little if any alteration, often per
sisting as chert into the altered zones of 
spiculite. Much of the chert, however, 
is of a brown color and may grade into 
spiculite. Such beds, however, are hard, 
and the grinding is difficult. The spicules, 
which may be seen in abundance under a 
microscope, appear to be partly cemented 
with silica. These beds may represent 

Insoluble residues, Marble Falls limestone, Station 24, Lampasas County. 

Sample 
number 

Description of 
limestone 

Description of 
insoluble residue Per cent 

Thickness of 
beds (feet) 

14 
13 
12 
II 
IO 
9 

Gray, oolitic ____ _______________ ________________ Siliceous organisms ------------------------ 7.15 0.5 
Black, thin bedded _______ _________ __________ Mostly sponge spicules ________________ _ 42.50 

5.50 
2.85 
1.35 

12.0 
5.0 
0.7 
8.0 
2.0 
1.0 
3.5 
1.0 
1.5 

Light gray ______ _______ __ _______ ________ _____ ___ Silt, spicules ------------·----------------------
Dark gray to brown --------------- -------Silt, spicules rare ----------------------------
Gray, oolitic _______________________________ ____ Silt, spicules rare ---------------------------
Black, thin bedded __________ ______________ Mostly spicules -------------------------------- 29.50 

21.75 
21.25 
40.25 

8 
7 
6 
5 

Black, thick beds ______ __________________ Mostly spicules --------------------------------
Black, thin bedded ______________ ____________ Mostly spicules -- ------------------------------
Black, thick beds ---------------------------Mostly spicules --------------------------------
Gray, oolitic ___ _______________ ____ ______________ Mostly spicules ----------------- ------------ -- 6.25 

The upper spiculose zone, represented 
by sample 13, has a thickness of 12 feet 
or more and is distinct! y stratified, the 
beds varying in thickness from 1 to 2 
inches. The lower spiculose zone, repre
sented by samples 6, 7, 8, and 9, is less 
uniform, the thin beds alternating with 
beds from 1 to 2 feet thick. The zone has 
a total thickness of 7Yz feet. The lime
stone of the spiculose zones yields an in
soluble, siliceous residue of from 20 to 
45 per cent, consisting largely of sponge 
spicules. Alternating with these zones are 
zones nearly or quite free from spiculose 
residues and consisting of more massive
bedded limestone, often oolitic and inclined 
to contain more fossil crinoid stems and 
brachiopods. 

Alteration of the thin-bedded limestone 
to spiculite, when it occurs, is generally 

DUirich, E. 0., Devonian and Carboniferous sponges: Bull. 
Jllinois Geol. Survey, vol. 8, pp. 245-251, 1890. 

l.oWeller, J ., Siliceous sponge spicules of Pennsylvanian 
age: Jour. Pal., vol. 4, pp. 233-251, 1930. 

former beds of spiculite cemented to form 
a chert-like deposit. 

THE AGENCY 

The alteration of the limestone to 
spiculite is not due to surface weathering. 
While it is true that such weathering 
might free sponge spicules that could con
ceivably remain intact as beds of spiculite, 
the attitude and structural relationships 
of most of the deposits preclude such an 
explanation. In several instances, the 
well-altered spiculite underlies deeply 
unaltered zones. Pillar Bluff Creek has 
cut through several feet of unaltered lime
stone near its mouth (Stations 15 to 16) 
revealing well-altered spiculite beneath 
the tilted, massive beds. Certain struc
tural adjustments resulting in slight flex
ing and faulting of beds are associated 
with spiculite deposits occurring beneath 
the surface. The alteration is attributed 
entirely to ground waters moving along 
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bedding planes and gradually dissolving 
the lime and the organic material. The 
following analysis was made of ground 
water collected from a spiculite zone 
beneath the flood plain of McNett Creek 
at Station 1. 

Analysis of ground water from Station 1.11 

General character: 
Color ··········- ·-······- ·········-···············- Clear 
Suspended matter ········-·-················· None 
Hardness ····- -······-······-·········----······ 1,350 
Ignition loss ····-···-·····-······················ 328 
Total dissolved solids ······················- 2,880 
pH -······---··········---··············-····- 8.3 

Dissolved matter (parts per million) : 
Silica -·······--------··-····--··-····--·- 5.0 
Iron ----··- ····-············----···-····- 0.2 
Calcium ··-------·-········-····-··-······ 70.0 
Magnesium -·-··-··-····- ··-············- ···· 286.0 
Sodium and potassium --··········--···· 552.0 
Carbonate ··-····----·-········--·--···-···· 0.0 
Bicarbonate ····------·-·····-··-········ 1,011.0 
Sulphate ····-········-----------------···· 506.0 
Chloride --··--------···-····-··--····-- 840.0 
Fluoride --- ---- - ----·- ··- ····-··--···· 2.8 
Nitrate ···-- - - ------ --- ---------- 5.0 

While the present alkalinity of the water 
would show its inability to dissolve lime, 
the high per cent of carbonates in solu
tion indicates that it was formerly a 
carbonated water. As such it was able to 
remove the lime from the limestone. It 
carries little lime in solution now as it is 
passing through rocks from which nearly 
all lime has been removed. The source 
of the magnesium is unknown. 

RELATION TO PRESENT DRAINAGE 

In some instances there appears to be a 
relationship between spiculite deposits 
and drainage basins of small recent tribu
tary streams. At Harris ranch the spicu
lite is confined to the valley and flood 
plain of the small branching stream flow
ing north into Sulphur Creek. On either 
side of the valley the limestone is unal
tered. Where the stream cuts through the 
bluff the limestone has been altered only 
at the gap (Stations 28 and 29). A sim
ilar association is found along McNett 
Creek, but here there is a break at Station 
34 where spiculite is replaced by unaltered 
limestone, and below the turn at Station 
5 the creek flows through limestone. 
Pillar Bluff Creek, as stated, is associated 
with spiculite near its mouth. Up the 

llAnalysia made by W. W. Hastings, United States Geolog· 
ical Survey Laboratories, Austin , Texas . 

east fork spiculite is present in the flood 
plain and up the stream for one-half mile 
beyond Station 17 to a small cross fault. 
South of this point the limestone is only 
slight! y altered. 

The main stream (Donalson Creek to 
Sulphur Creek) passes through both 
altered and unaltered limestone. At Sta
tion 20 is a bluff of spiculite. At Stations 
21 and 24 are bluffs containing spiculose, 
but unaltered, limestone. At Station 25, 
the top unaltered zone of Station 24 has 
become altered to spiculite and just beyond 
is again unaltered. Greenwood Bluff 
(Stations 27 to 29) is unaltered, except 
for the gap before mentioned. In some 
places, as at Station 22, where small 
gulleys have been cut through the flood 
plain, spiculite may be observed beneath 
the river flood plain deposits. 

Small faults, known to be associated 
with the occurrence of spiculite, strike 
across the stream courses. At Station 25 
such a fault trends east-west. On the north 
side is unaltered limestone and on the 
south side spiculite. A similar fault on 
Pillar Bluff Creek one-half mile south of 
Station 17, also trends east-west with the 
south side limestone and the north side 
spiculite. Small faults on either side of 
Station 34 on McNett Creek angle across 
the stream course. 

The evidence is insufficient to prove that 
the subsurface waters causing the altera
tion originate as seepage along some sur
face drainage channel, though this may 
be the case in some instances. It is more 
probable that where the courses of small 
tributaries coincide with zones of altera
tion, such courses have been determined 
by these zones of weakness. McNett 
Creek has cut into and established a flood 
plain along the spiculite floor but makes 
a large bend around the unaltered lime· 
stone of Station 34. Its lower course 
again lies along a spiculite deposit, but it 
crosses unaltered limestone to reach 
Sulphur Creek. 

RELATION TO THE PENNSYLVANIAN
CRETACEOUS UNCONFORMITY 

Much of the spiculite underlies directly 
the basal Cretaceous conglomerate or 
gravels weathered out during its disinte
gration. In many instances pebbles in the 
consolidated conglomerate are composed 
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of spiculite. This suggests two possible 
relationships: ( 1) that the alteration oc
curred prior to the advance of the Cre
taceous sea and that the spiculite had been 
removed by erosion from the exposed 
Pennsylvanian rocks and redeposited in 
the conglomerate; or (2) that the un
conformity and conglomerate presented a 
zone favorable to the circulation of 
ground waters and that the pebbles were 
altered after inclusion in the conglomerate. 

In support of the first theory it may be 
said that not only are spiculite pebbles 
present in the conglomerate, but that un
altered black (Marble Falls) limestone 
pebbles are also present and in close 
proximity to the spiculite pebbles. This 
is to be expected where erosion would 
attack a mixed terrain, mingling both 
types of pebbles to be later included in a 
conglomerate, but not if alteration of the 
pebbles occurred after they had been 
mingled and attacked by the same ground 
water. Another bit of supporting evi
dence rests on the character of the spiculite 
zone underlying the conglomerate at some 
localities. The following section is taken 
from a pit dug into the ridge at Station 
18 at the edge of the basal conglomerate. 

Section from pit at Station 18 at the edge of 
the conglomerate. 

Thick
ness 
Feet 

Soil ------------------------------------------------------- 2.5 
Spiculite, not distinctly bedded and con

taining sand grains and angular chert 
fragments ----------------------- -------- 2.5 

Hard spiculite containing chert core; 
ledge is cracked in places_______________ 0.4 

Spiculite, not distinctly bedded --------------- 1.5 
Hard spiculite ledge containing chert core ; 

ledge is broken ------- -- -----------. - ·-- 0.3 
Iron-stained spiculite containing sand and 

angular chert fragments ----------------- 1.0 
Hard chert ledge slightly altered to spicu-

lite; ledge is broken - -------------- ----------------- 0.3 
Firm spiculite, bedding fairly distinct ______ 0.5 

The spiculite contained in the upper 
part of this section has the appearance 
of having been slightly reworked after 
alteration and mingled with a little sand 
and chert fragments. However, the fact 
that it is interbedded with chert would 
preclude any violent reworking before the 
conglomerate was deposited over it. 
While it is possible to account for the 

presence of the sand grains and chert 
fragments by assuming their previous 
deposition with the limestone (from which 
the spiculite was derived), it is believed 
that the following explanation will better 
fit all the facts. 

The conglomerate is assumed to have 
been deposited over the unaltered lime
stone (and chert). The alteration to 
spiculite occurred later as ground waters 
passing through the excellent aquifer of 
the overlying conglomerate percolated 
through the limestone beds. The accom
panying compacting and adjusting of beds 
to the space vacated by the dissolved lime 
caused cracking of the chert beds. Later, 
waters pouring through the more open 
channels and the more porous rock slightly 
reworked the spiculite and introduced a 
few sand grains and chert fragments, as 
well as iron stain, into the beds. The 
selective alteration of certain pebbles of 
the conglomerate and not others is ex
plained by a more careful examination 
of the unaltered pebbles. These pebbles, 
although consisting of a dark limestone, 
are found not to be the spiculose variety. 
The limestone is of a hard, very brown, 
dense to crystalline texture, which does 
not alter as readily as the black spiculose 
kind. 

RELATION TO STRUCTURE 

Along Greenwood Bluff (Stations 27 and 
29) and between Stations 24 and 25 on 
Sulphur Creek the beds are gently folded, 
and in some instances they dip as much 
as 20 degrees. However, no distinct axial 
trends could be determined, the structural 
pattern being of beds slightly warped in 
divers directions. While it is probable 
that the movements of ground water were 
influenced by such structural conditions 
in many cases, it is considered that much 
of this warping was due to the compacting 
of spiculite beds after the removal of the 
lime. These beds lose from one-half to 
two-thirds of their mass during their altera
tion which must result in a distinct loss 
of volume as they pack. 

Tiny monoclinal folds and faults can be 
shown to be the direct result of such pack
ing. One-half mile south of Station 17 
on Pillar Bluff Creek the stream has cut 
across a small flexure exposing an excel
lent cross section of the structure. (See 
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Pl. XV-B.) The minute structure rests 
upon a black chert bed which is unaffected. 
The lower black limestone bed is unaltered. 
Those higher up are altered at the flexure 
from black limestone on the south (left) 
to spiculite on the north. The middle 
beds are slightly folded (monocline) and 
the upper ones are slightly faulted. 
Similar small folds and faults occur at 
Stations 1 and 6 on McNett Creek, and 
the fault at Station 25 is attributed to the 
same cause. 

STRATIGRAPHY 

In a previous section of this paper de
scribing the source rock (p. 278) two 
spiculose zones based upon the preponder
ance of sponge spicules in the insoluble 
residues are recognized at Station 24. 
The upper of these zones consists of 12 
feet of thin-bedded, sooty black limestone. 
In the lower zone of 7.5 feet, thin-bedded 
and more massive-bedded limestones 
alternate. These zones may be traced 
southward up McNett Creek from Station 
24 to the Milwhite quarry at Station 1. 
The lower zone is exposed at the base of 
the small bluffs at Stations 33, 5, 4, and 2, 
and at Station 1 its top is near creek level. 
At Station 33 the limestone is only slightly 
altered, but at the remaining stations it is 
almost completely altered to spiculite. 
The upper zone is unaltered on the west 
side of the creek at Station 3 but is 
altered at Station 5 and in the pit at Station 

13 and furnishes the best grade of spiculite 
from the quarry (Station 1). South of 
the unaltered limestone block at Station 
34, the upper spiculose zone has been 
altered to form the spiculite in the stream 
channel and beneath the flood plain of 
McNett Creek (Stations 6, 7, and 8). 
Overlying this upper spiculose zone at the 
quarry are alternating beds of chert and 
marl which represent an impure grade 
of spiculite at Stations 9 and 10. 

By means of the persistent massive 
oolitic limestone lying between the two 
spiculose zones the section may be traced 
eastward and the spiculose zones identified 
in the Harris ranch area. At Stations 26 
and 27, a gentle synclinal fold has lowered 
the oolitic beds nearly to creek level, and 
the upper spiculose zone overlying it has 
thickened to 21 feet. At Station 28, how· 
ever, the original altitude of the bed has 
been restored, so that altered spiculite at 
Stations 29, 30, and 31 are from the lower 
spiculite zone. 

West of McNett Creek no correlation of 
the spiculite has been made with the two 
zones described. It is possible that the 
spiculite there represents older beds 
brought to the surface by the regional 
eastward dip. Owing to the rapid thicken· 
ing and thinning of the spiculose zones, 
it is probable that they do not persist 
over great distances and <re therefore not 
satisfactory criteria to use in determining 
stratigraphic horizons. 



INDUSTRIAL SAND FROM THE EOCENE ROCKDALE FORMATION 
IN TEXAS1 

ERWIN c. HOEMAN2 AND ROBERT C. REDFIELD3 

INTRODUCTION 

Sand of good grain characteristics, 
purity, and other qualities has numerous 
uses in the manufacturing industries and 
for specialized applications. It is used 
for foundry mold and core making, in 
making glass, as filtering material, for 
abrasive purposes, and in sandblasting; 
other uses are as filler for sheet asphalt, 
as a raw material for the chemical in
dustries, and as furnace lining material. 
Engine sand, used to prevent slipping of 
locomotive and streetcar wheels, is an
other important application. 

Sand from a single deposit may contain 
fractions, separable by screening and in 
some cases otherwise beneficiated, which 
are adapted for several specialized uses. 
The average values of the industrial sands 
are as much as three times that of ordinary 
sand used for construction purposes. 

The Rockdale formation outcrops as a 
broad belt near the inner margin of the 
Gulf Coastal Plain in Texas from the 
northeastern part of the State to the Rio 
Grande. The Simsboro member of the 
Rockdale formation, composed mainly of 
strata of loosely consolidated sand and 
lenticular beds of clay, has been mapped 
across 12 counties in the Gulf coast region. 
Sand from deposits in the Simsboro mem
ber in Freestone Countv is used in found
ries for molding sand, and tests have 
proved that the sand may be adapted to 
other industrial applications. Additional 
workable deposits of sand are believed to 
exist elsewhere along the outcrop of the 
Simsboro member, and some of the 
deposits are associated with an uncommon 
physiographic feature which facilitates the 
search for unrecognized deposits. 

Markets for industrial sands in Texas 
are most numerous in the Coastal Plain 

1Publiehed by permission of the Director, Bureau of 
Mines, U. S. Department of the Interior. This paper 
presents the results of work done by the Bureau of Mines. 
U. S. Department of the Interior, in coOperation with the 
Bureau of Economic Geology of The Univereity of Texas, 
Austin, Texas. 

SCbemical Engineer, Metallur(icaJ Branch, Rolla Division, 
U. S. Department of the Interior, Bureau of Mines, Rolla, 
Miuouri. 

!Mining Engineer, U~ S. Department of the Interior, 
Bureau of Mines, Austin, Texas. 

area where the manufacturing activities 
of the State are concentrated. The many 
railroads and highways traversing the 
region afford convenient access to markets. 
The development of local resources of 
high-quality sand to fill the needs of Texas 
industries may be the basis for new enter· 
prises. 
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GEOLOGIC AND GEOGRAPHIC 
DESCRIPTION 

Lenticular strata of sandy clay, sand, 
clay, and lignite compose the Rockdale 
formation, Wilcox group, of Eocene 
Tertiary age, which outcrops across the 
Texas Gui£ Coastal Plain as a broad belt 
from Red River to the Rio Grande. The 
formation dips toward the Gulf of Mexico 
at a slight angle and passes beneath the 
younger rocks of the Coastal Plain. The 
Simsboro (14) ,4 the middle member of 
the Rockdale formation, consists of strata 
of sand, seams and lentils of clay, and a 
little lignite. The thickness in Freestone 
County is reported to be 250 to 300 feet, 
and the width of the outcrop is 3 miles. 

4Numbers in parentheses designate references in the ~ibli· 
ography of this paper. 
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The Simsboro member has been mapped 
from Trinity River in Freestone County 
southwestward across Limestone, Falls, 
Robertson, Milam, Lee, Bastrop, Caldwell, 
Guadalupe, Bexar, and Medina counties 
to Uvalde County (14), a distance of 250 
miles across the State. In this distance 
across 12 counties, the outcrop of the 
Rockdale formation containing the Sims· 
boro sand member is traversed by 15 rail
roads, an equal number of neighboring 
highways, and more numerous connecting 
local roads. The outcrop of the Simsboro 
member therefore is important as a po
tential source of industrial sand. 

The sand deposits in the Simsboro 
member are composed generally of soft, 
gray sand, in places evenly bedded, or 
else cross bedded, but without obvious 
stratification at other sites. The sand is 
remarkably pure and homogeneous. It is 
lightly consolidated at some exposures, but 
at others thick deposits of sand are broken 
by widely spaced mudstone beds an inch 
or so thick. Some of the beds of Simsboro 
sand in the bluffs along Colorado River 
near the confluence of Big Sandy Creek 
in Bastrop County have a misleading sur
face stain and induration beneath which 
the sand is much whiter and softer. 
Deposits of sand belonging to the Sims
boro member in Falls and Robertson 
counties are light! y cemented with 20 to 
30 per cent of plastic white kaolin. In 
Freestone County there are interbedded 
lentils of grayish-white, sand.free clay 
which has been utilized in the manufacture 
of white Portland cement. 

The Simsboro sand strata form com
manding bluff faces at a few exposures 
w!mre the sand is more consolidated or 
surface induration has taken place. How
ever, most of the outcrops are so obscured 
by loose sand and soil that the nature and 
economic value of the underlying ma
terial can not be known without some 
prospecting. 

Southwest of Colorado River widespread 
ancient alluvial river terraces mask the 
outcrop of the Simsboro member in many 
places and hinder the search for favorably 
situated deposits that may yield industrial 
grades of sand. 

The bodies of sand composing the 
Simsboro member, though they may be 
essentially lenticular, are believed to have 

broad lateral extent; the continuity of the 
sandy outcrops, which can be measured in 
miles, supports this view. The individual 
lentils of sand may become attenuated 
and ultimately disappear, but other lentils 
replace them in the stratigraphic section 
and thereby the predominantly sandy 
character of the Simsboro member is main
tained. The dimensions of the sand bodies 
down the dip can only be conjectured, but 
their extension beyond the limits of eco
nomical mining is probable. The mag· 
nificent bluffs of Simsboro sand along 
Colorado River in Bastrop County suggest 
that some of the deposits of sand may be 
many feet thick. 

A deflated, spoon-shaped basin, 1000 
feet long, 700 feet wide, perhaps 10 feet 
deep below the former soil level and 
elongated north-south, lies immediately 
north of a deposit of sand in Freestone 
County which is being exploited at present. 
This deposit is designated as the Corley 
deposit and is subsequently described. A 
smaller, less conspicuous basin which is 
otherwise similar is situated a few hundred 
feet northwest of the larger depression. 
The larger basin contains a shallow pond 
which, according to local residents, over
flows the basin during excessively wet 
periods and disappears during prolonged 
droughts. Sand extracted to form the 
larger basin has been deposited by the 
wind in drifts and dunes along the south 
and southeast side. Though part of the 
sand which is being produced is believed 
to be in situ, it is suggested that the deposit 
was augmented by sand exported from the 
basin, and thus it is in part of transported 
origin. The presence of solitary flint 
artifacts scattered in the upper few feet 
of the deposit supports this interpretation. 
The sand has not been transported by the 
wind more than 2000 feet from the most 
distant edge of the basin to the farthest 
limit of the deposit now being worked, 
and the bulk of the sand has been moved 
a lesser distance; therefore the sorting 
effect of the wind and the extraction of 
the finer-grained portion by it were not 
appreciable. 

One example of association of a de
flated basin and an economically important 
deposit of sand might be considered a 
coincidence, but other deposits of sand 
associated with similar depressions were 
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observed elsewhere along the outcrop of 
the Simsboro member. This type of wind
formed basin then assumes significance for 
three reasons. First, the presence of de
flated basins suggests that the adjacent and 
subjacent sand may be of high purity, the 
content of clay and iron oxides that usually 
stain sand grains may be low, the sand 
is only lightly consolidated, and the 
deposits are well drained, for otherwise 
the wind could not extract the sand. 
Second, wherever lentils of high-quality 
sand are exposed at the surface the thick
ness may be augmented from near-by 
basins formed in the same outcropping 
sand body and thereby enhance the work
ability and economic value of the deposit. 
Third, the basins should be discernible on 
aerial photographs, such as those made by 
the Agricultural Adjustment Agency, and 
thus permit more rapid search for un
recognized sand deposits associated with 
such basins over a much broader section 
of the Simsboro outcrop than otherwise 
would be possible. 

Sand from the Corley deposit on the 
outcrop of the Simsboro member, which 
is being exploited near Teague in Free
stone County, is used for foundry pur
poses and was shown by investigations of 
the Bureau of Mines to be suitable for 
other industrial-sand uses. Although it is 
not implied that deposits of industrial 
grades will be found everywhere through
out the length of the Simsboro outcrop, it 
is not unreasonable to expect that other 
economically important deposits may 
exist. Additional deposits similar to the 
Corley sand, equally well situated for ex
ploitation, were discovered by a recon
naissance survey made by traversing the 
Simsboro outcrop within reasonable haul
ing distances of the railroads. 

THE CORLEY SAND DEPOSIT 

Foundry sand produced near Teague in 
Freestone County, Texas, has supplied the 
requirements of numerous foundries in the 
eastern part of Texas since 1939, but none 
is shipped out of the State. The deposit 
is 3.3 miles by local road southwest of 
Teague, the nearest railroad shipping 
point, and is 100 miles south-southeast of 
Dallas. The value of the sand for foundry 
purposes was recognized by 0. E. Melton, 
formerly of Teague, who began exploita-

tion on a small scale during the latter 
part of 1939. War-stimulated industrial 
demand has increased the rate of produc
tion of foundry sand. The qualities of 
the sand, improved by beneficiation, 
meet the requirements of other industrial 
uses and thereby offer additional markets, 
which should assure peacetime operation. 

The present operator, W. C. Corley of 
Teague, Texas, purchased the business, 
equipment, and leases on the deposit in 
April 1944. 

The Corley sand deposit is at an eleva
tion of 450 feet in a portion of the Texas 
Gulf Coastal Plain where the topography 
is moderately rolling, with comparatively 
flat interstream divides. The drainage 
pattern is well-developed though many 
tributary streams are clogged with sand 
and there are no perennial streams. The 
land that is more nearly level is occupied 
by cultivated and abandoned eroded fields; 
that which has more relief is used as 
pastureland. The areas underlain by thick 
deposits of sand are covered with a dense 
growth of deciduous trees and underbrush. 

No dependable sources of surface water 
exist in the vicinity of the sand pits. 
Groundwater supply is abundant in the 
area, nevertheless, and may be developed 
at shallow depth. The accumulation 
from seepage of water into the deeper pits 
has been used to produce occasional ship
ments of washed sand. The climate is 
favorable to operation throughout the 
year, with few working days lost. 

The deposit of sand occupies a hillside 
slope. Where it has been measured, the 
thickness has ranged from 4 to 17 feet. 
The overburden consists of loamy soil and 
impure sand containing tree stumps, roots, 
and other vegetal debris, and its average 
thickness is 1112 feet. The sand lies upon 
an undulating surface of yellow clay which 
forms the floor of exhausted pits. The 
deposit is homogeneous with the exception 
of scattered portions having a small ad
mixture of clay. Stratification is virtually 
absent, though an ancient soil surface upon 
which dune sand accumulated is indicated 
by a slightly carbonaceous thin streak in 
one part of the deposit. The lightly con
solidated sand may be dug with ease but 
maintains a vertical face in the pit. Flint 
artifacts are occasional! y found scattered 
in the upper few feet of the deposit, sug-



286 The University of Texas Publication No. 4301 

gesting that this portion is of transported 
origin. 

The deposit has been neither explored 
nor prospected in detail; therefore no 
established reserve exists. Perhaps 20 
acres in the vicinity of the Corley pit may 
be underlain with recoverable sand hav
ing an average thickness of 5 feet, indi
cating that the inferred reserve may be 
225,000 tons. Additional working sites, 
which are equally favorable in location, 
reserves, and quality, are believed to be 
present in the district, so that the potential 
ultimate yield may be much greater than 
indicated. 

MINING OPERATION 

The mining operation is simple. Two 
trucks for hauling the sand to the railroad 
loading ramp at Teague and a small sand 
pump driven by a gasoline engine to pro· 
duce washed sand are the extent of 
mechanization. All other work is done by 
hand labor. There is no beneficiation 
plant. The development consists of one 
pit 150 by 200 feet in area by 6 feet in 
depth, another 200 by 200 feet in area by 
7 feet in depth, and abandoned pits with 
an area of 3 acres into which waste and 
overburden are discarded. 

The dense growth of trees and under· 
brush is cut and carried away by hand 
to be burned. The thin overburden of 
soil, impure sand, tree stumps and roots, 
and other debris is removed by hand 
shovel for short distances in advance of the 
working face and is hauled in trucks to 
waste dumps in exhausted pits. The $and 
is dug by hand shovel and thrown on a 
portable screen propped in an inclined 
position. A laborer agitates the sand on 
the screen by means of a short stick and 
picks roots and other waste matter from the 
screen by hand. The screen is of either 
3- or 4-wire hardware cloth on a frame of 
2- by 4-inch wood members, and its func
tion is to remove plant debris and, rarely, 
flint artifacts and lumps of clay. The 
average height of the working face is 5 
feet, but below that depth the sand is 
removed from the floor in benches of only 
a few inches to take advantage of the 
surface layer of air-dried sand. After the 
dry sand around a working site is ex
hausted beyond convenient reach of the 
two shovelers, the screen is moved a few 

feet to another site to commence screening 
a new pile of sand. 

Washed sand is produced on a small 
scale with water in a sump in the larger 
pit by means of the pump and a finer 
screen. This operation is limited to the 
warm summer months. Coarse-grained 
sand for infrequent orders is obtained 
from accumulations in stream beds. A 
small tonnage of slightly clayey sand also 
has been produced. 

The average labor force is five men, 
consisting of two truck drivers and three 
men in the pit to dig, screen, and load the 
sand. An extra helper is needed occasion
ally to aid in clearing vegetation and to 
remove overburden. 

SAMPLING 

Two samples of sand were obtained in 
July 1944 from the Corley deposit. 
Sample IA, representative of sand from 
different parts of the pit now being 
worked, consisted of sand that had been 
screened through 3-wire hardware cloth 
to remove coarse vegetal debris. Sample 
lB consisted of washed sand from an ad
joining pit. 

The two samples of sand were tested at 
the Rolla Laboratory of the Bureau of 
Mines. The program of tests was de
signed to establish the value of the sand 
for foundry purposes, to evaluate the 
qualities of the sand for other industrial 
uses, and to devise appropriate methods 
by which the sand could be improved to 
meet requirements of specialized uses. 

EXAMINATION OF THE SAND 

The general characteristics of an in· 
dustrial sand are fineness of texture and 
chemical purity. Some of the industrial 
uses depend on only one of these qualities, 
but others depend on both. 

Fineness of texture implies a relatively 
small range of particle sizes of the in
dividual grains and at least moderate uni
formity in the frequency of distribution 
of the several grain sizes. Many methods 
are used to evaluate and describe the 
property of sand texture, some of which 
will be enlarged upon in the detailed dis· 
cussion of the several sand uses. The 
shape of grain is also a major considera
tion for some industrial-sand uses. 
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Chemical purity implies freedom from 
materials other than silica sand grains. It 
is determined by petrographic examina
tion and spectroscopic and chemical 
analyses. 

The preliminary examination of the 
sand from the Corley deposit was made to 
determine its texture and purity. 

PHYSICAL CHARACTER 

Microscopic examinations showed that 
the samples of sand from the Corley de
posit consisted predominantly of quartz 
sand grains, with an appreciable amount 
of kaolinite and small amounts of ilmenite, 
apatite, zircon, and tourmaline, with iron 
oxide as a staining material. The cloudi
ness of some of the sand grains suggested 
that kaolinite replaced the quartz. Very 
small amounts of carbonaceous materials 
and rock grains were present. 

Nearly all of the sand passed through a 
U. S. No. 20 sieve, and about 80 per cent 
remained on a No. 100 sieve. The open
ings in these sieves are of approximately 
the same size as those of screens described 
by the same mesh numbers. 

Washing and sieve-analysis tests were 
made by the standard methods of the 
American Foundrymen's Association (1) . 
In general, these methods were used wher
ever possible in examining the granul~r 
properties of the sand because of their 
acceptance as standards of sizing tech
niques on the part of the foundry and 
foundry sand trades. The fifth edition of 
the Association's manual of testing methods 
(2), however, eliminates grading of 
foundry sands by grain distribution num
ber and proposes that the grain distribu
tion be expressed by plotting grain 
percentages against sieve numbers as a 
curve. The work reported herein was 
started while the fourth edition of the 
Association's manual (1) was still authori
tative and the numerical method of ex
pressing grain distribution retains definite 
value, especially with respect to research 
on industrial-sand use. 

Material presented in this part of the 
present paper is adapted to foundry sand 
methods and nomenclature because of con
venience in correlation and has a definite 
relation also to other industrial sands in 
which physical characteristics are im
portant. 

G RAIN CHARACTERIZATION 

According to the 1938 (fourth) edition 
of the A.F.A. foundry sand manual ( 1), 
sands may be graded according to grain
fineness number, grain-fineness class, 
grain-distribution numbers, clay content, 
clay-content class, and grain shape. 

These descriptive terms are described 
here only in sufficient detail for the needs 
of the general reader : 

Grain-fineness number.-This designa
tion represents approximately the number 
of meshes per inch of that sieve which 
would just pass the sample if its grains 
were of uniform size. It is determined by 
removing the clay and screening the 
granular portion. For the calculation: 
(a) Multiply the percentages of sand on 
the various sieves by the appropriate 
factors listed in Table 1, (b) add the 
products, (c) divide the sum by the total 
percentage, and ( d) the dividend is the 
A.F.A. grain-fineness number. 

Table 1. Multipliers for determining A.F.A. 
grain-fineness number. 

Multiply the per cent of grain remaining on 
the No. 6 sieve by ........................ -·---·-·-·-----·-·-- 3 

Multiply the per cent of grain passing: 
No. 6 sieve and remaining on No. 12 sieve 

by ____ .. ____ .. ______ .. ____________ .................... _______ .. 5 

No. 12 sieve and remaining on No. 20 sieve 
by ________ ............ --·--·-----...... -·----............... ____ l 0 

No. 20 sieve and remaining on No. 30 sieve 
hy ................................................. ______________ .. 20 

No. 30 sieve and remaining on No. 40 sieve 
by _ .. _ .......................................... _ ... ____ .......... 30 

No. 40 sieve and remaining on No. 50 sieve 
by _ .. _____ ...................... -·--·--.................. ___ 40 

No. 50 sieve and remaining on No. 70 sieve 
by ................................ --------------.. _ .. ___ .,__ 50 

No. 70 sieve and remaining on No. 100 
sieve by ................ - ... --.. ------.... - .... ---.... - 70 

No. 100 sieve and remaining on No. 140 
sieve by .................................. _...................... 100 

No. 140 sieve and remaining on No. 200 
sieve by ........................................................ _ 140 

No. 200 sieve and remaining on No. 270 
sieve by ... _. ____ .. _ ................................ --.. 200 

No. 270 sieve and remaining in the pan by 300 

Grain-fineness class.-This designation 
represents the class or zone in which the 
sand is placed according to grain-fineness 
number, as shown by Table 2. 
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Table 2. A.F.A. grain-fineness classification. 

Grain class Sands with grain-
No. fineness Nos. 

1 --·----- ----------------··- 200 to and including 300 
2 - ······-·······-------- 140 to and including 199 
3 - -------·--·····--·····-- 100 to and including 139 
4 - ··············--·-·---···· 70 to and including 99 
5 ·····-----------·-·········· 50 to and including 69 
6 ·-·····--··-·--········-- 40 to and including 49 
7 ···----·--···-··········- 30 to and including 39 
8 - ·-······--··············- 20 to and including 29 
9 -····················------ 15 to and including 19 

10 ............................ 10 to and including 14 

Grain-distribution number.-The fre
quency of distribution of grain sizes in a 
sample of sand when designated by grain
distribution number is the spread or range 
of the grain sizes with respect to weight 
and according to the A.F.A. sieve series. 
The procedure of obtaining the numbers by 
calculation is explained and exemplified in 
the A.F.A. sand manual ( 1). The descrip
tion of the method is as follows : 

(a) 

(b) 

(c) 

(d) 

(e) 

Draw a line above and below the 
sieve number retaining accumula-
tively one-half or more of the total 
grain. This is the axis sieve. 
Multiply the percentage retained on 
the first sieve coarser than the axis 
sieve by 1; the percentage on the 
second sieve above the axis sieve 
by 3; the third by 5; and the fourth 
by 7, etc. 
From one-half the total grain, 
subtract the total percentage of 
grain above the axis sieve. This is 
the coarse portion of the percentage 
of the grain on the axis sieve. 
To one-half the total grain, add 
the total percentage of grain above 
the axis sieve. Multiply this sum 
by the coarse portion calculated in 
( c), and divide the result by the 
total percentage of grain on the 
axis sieve. 
Add the final result obtained under 
(d) to the sum of the products 
under (b). This sum, divided by 
the total percentage of grain on all 
sieves and in the pan, is the Coarse 
Grain-Distribution Number. 

(f) The Fine Grain-Distribution Num
ber is determined in a similar man
ner working downward rather than 
upward from the axis sieve. Mui-

tiply the percentages retained on 
the first, second, third, fourth, etc., 
sieves below the axis sieve by 1, 3, 
5, 7, etc., respectively. 

(g) The fine portion of grain on the 
axis sieve is obtained by subtract
ing the total percentage of grain 
below the axis sieve from one-half 
of the total grain percentage. 

(h) To one-half of the total grain, add 
the total percentage of grain below 
the axis sieve. Multiply this sum 
by the fine portion under (g), and 
divide the result by the total per
centage of grain on the axis sieve. 

(i) Add the final result under (h) to 
the sum of the products under (f). 
This sum, divided by the total per
centage of grain on all sieves and 
in the pan, is the Fine Grain-Dis
tribution Number. 

(j) The sum of the Coarse and Fine 
Grain-Distribution Numbers added 
to the smaller of the two is the A. 
F. A. Grain-Distribution Number. 
This number is expressed in a man
ner to indicate its composite nature 
as follows: l.29=3.37-1.04. 

Clay content.-The A.F.A. clay content 
of a sand sample represents clay, very fine 
silica, and other fine materials removed 
from the sand by washing according to 
the standard procedure of the Associa
tion (1). 

Clay-content class.-Sands are classified 
according to their clay content as shown 
in Table 3. 

Table 3. A.F.A. clay-content classification. 

Clay-content zone, 
Clay in per cent of 
class clay substance 

A -----------····--······ 0.0 to and including 0.4 
B --···--·········---······· 0.5 to and including 1.9 
C ····------------········ 2.0 to and including 4.9 
D ···-·····--··----------·-··· 5.0 to and including 9.9 
E ............................ 10.0 to and including 14.9 
F ............................ 15.0 to and including 19.9 
G ······-------·-········-···- 20.0 to and including 29.9 
H --··············---········· 30.0 to and including 45.0 

Grain shape.-The grain shape of sand 
is designated by the following self
explanatory terms : (a) angular, (b) sub· 
angular, (c) rounded, and (d) compound 
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(cemented in clusters). These shapes are 
illustrated in the manual of the foundry
men's association (2) and also by Weigel 
(16). 

The grain characterization of the two 
samples of sand from the Corley deposit 
are shown in Table 4 compared with 
similar properties of two commercial, in
dustrial sands. 

the finest 5 per cent and the coarsest 95 
per cent, the finest 10 per cent and the 
coarsest 90 per cent, etc. 

It was assumed that the clay would re
main with the finest fractions, although, 
obviously, the clay might be removed 
either before or after the sieving opera
tion and thus influence only the percentage 
yield and not the grain characteristics of 

Table 4. Grain characterization of sands. 

Corley sand Commercial sand 
IA lB Albany Ottawa 

Sieve analysis; per cent 
remaining on sieve .No. 6 

12 
20 
30 
40 
50 
70 

100 
140 
200 
270 
Pan 

A.F.A.Clay 
Clay-content classification __ _ 
A.F.A. Fineness No. --------
A.F.A. Fineness Class _______ _ 
A.F.A. Grain-Distribution No. 
Grain shape: ----- - --------------

0 
0 
0.4 
2.0 
8.4 

19.8 
26.0 
25.2 
9.4 
3.6 
0.8 
0.4 
4.0 
c 

61 
5 

l.15=3.43-1.14 
subangular 

It is apparent from Table 4 that the 
two samples of sand from the Corley 
deposit are practically identical, and they 
were used interchangeably in the further 
work. 

In the preliminary examination of an 
industrial sand, the sieve analysis may be 
used to calculate the yields and properties 
of sand fractions obtained by screening or 
by other means of mechanical separation. 

The sand may be seived on any one 
of the series of sieves to yield a fine 
( undersize) and a coarse (oversize) prod
uct. The size of the sieve opening and the 
weight-per cent sifted through would de
termine the characteristics of the two 
products. The properties of sand prod· 
ucts thus might be almost infinitely varied 
between the limits of the very coarsest 
and the very finest grains. 

As a matter of convenience in applying 
this method of study, 5 per cent steps 
were taken to result in the production of 

0 
0 
0.4 
2.2 

10.0 
21.2 
27.2 
22.6 

9.2 
3.0 
0.8 
0.4 
3.0 
c 

59 
5 

l.13=3.43-1.17 
subangular 

0 
0.1 
0.9 
5.5 

13.1 
27.3 
16.4 
11.9 
4.3 
5.0 
2.0 
0.4 
9.1 
D 

67 
5 

l.Q4.=3.06-l.98 
rounded 

0 
0 
0 
0 

22.0 
32.0 
22.0 
18.0 

4.0 
1.0 
0.5 
0.5 
0.0 
A 

51 
5 

0.85=2.95-1.25 
subangular 

the products, other than clay content and 
related value. 

This grain-analysis procedure applied 
to the Corley sand is shown in Table 5. 

The data contained in Table 5 show 
clearly the kind of products that might be 
prepared from the Corley sand, with their 
amount and granular properties. 

Appreciable quantities of sand products 
in fineness classes 4, 5, 6, and 7, and lesser 
quantities in classes 3 and 8, can be pro
duced by selective screening. Very little 
sand can be produced in classes 1 and 2 
and none at all in classes 9 and 10. 

In addition to foundry sands, the data 
presented in Table 5 also are a guide in 
judging the suitability of the Corley sand 
for other industrial uses dependent upon 
granular characteristics. 

CHEMICAL CHARACTER 

The chemical character of a sand may be 
indicated by microscopic examination to 
determine the kind and quantity of the 
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Table 5. Properties of Corley sand products. 

Per cent 
of total Fineness 

Product sand No. 

Fine-I --------- ---------------------- 5 240 
Fine-2 ------------------------------- 10 151 
Fine-3 -----------·-·----------------- 15 128 
Fine-4 ................................ 20 116 
Fine-5 ----------------------------- 25 105 
Fine-6 ---------------------------- 30 98 
Fine-7 ------------------· ------------ 35 93 
Fine-8 -------------------------------- 40 90 
F'ine-9 ................................ 45 87 
Fine-10 .............................. 50 83 
Fine-II ------------------------------ 55 80 
Fine-12 ---------------------------- 60 77 
Fine-13 --------------------------- 65 75 
Fine-14 .............................. 70 73 
Fine-15 .............................. 75 71 
Fine-16 ------------------------ 80 69 
Fine-17 --------------------------- 85 67 
Fine--18 ................. - .... --.... 90 65 
F'ine-19 .............................. 95 63 
Original ------------------------- 100 61 
Coarse-I --------------------------- 95 58 
Coarse-2 ............................ 90 55 
Coarse-3 --------------------------- 85 53 
Coarse-4 ............................ 80 50 
Coarse--5 ---------------- ------------ 75 49 
Coarse-{; -------------------------- 70 48 
Coarse-7 --------------------------- 65 46 
Coarse-8 ---------------------------- 60 44 
Coarse-9 ----------- --------------- 55 42 
Coarse-10 -------------------------- 50 41 
Coarse-II -------------------------- 45 40 
Coarse-12 -------------------- 40 39 
Coarse-13 -------- ------- ------ 35 39 
Coarse-14 ---- -------------------- 30 35 
Coarse-IS --------------··-·-------- 25 35 
Coarse- 16 -· ---------------------·-· 20 35 
Coarse- 17 ----·-···-------------- -- 15 31 
Coaroe--18 ------------------------- 10 28 
Coarse-19 .......................... 5 24 

contaminating minerals, and by spectro
scopic analysis. Special tests are some
times used, such as determination of the 
amount soluble in acid. Chemical analysis 
is required, however, for conclusive evalua
tion. 

Methods for the chemical analysis of 
sands are published in the test manual 
of the A.F.A. (2), as well as in books 
and other publications on the analysis of 
minerals and rocks. 

Grain- Clay, Fine- Clay 
distribution "" neas content 

No. cent claa1 cl us 

0=0.55--0.55 80.0 1 
0.55= I. 78-0.68 40.0 2 H 

0= 0.83-0.83 26.7 3 G 
0.52=1.81-0.77 20.0 3 G 
0.65=2.09-0.79 16.0 3 F 
0.57=1.88-0.74 13.3 4 E 

0=0.94.--0.94 11.4 4 E 
0=0.91-0.91 10.0 4 E 

0.44=1.75--0.87 8.9 4 D 
0.53= 1.93-0.87 8.0 4 D 
0.63=2.14.--0.88 7.3 4 D 
0.78=2.45--0.89 6.7 4 D 
0.66=2.23---0.91 6.2 4 D 
0.65=2.24.--0.94 5.7 4 D 
0.75=2.47-0.97 5.3 4 D 
0.81=2.62-1.00 5.0 5 D 
0.86=2. 76---1.04 4.7 5 c 
0.34=1.75-1.07 4.4 5 c 
l.00=3.11- 1.11 4.2 5 c 
1.15=3.43-1.14· 4.0 5 c 
l.14=3.30-1.08 0 5 A 
1.10=2.98-0.94 0 5 A 
l.08=2.80-0.86 0 5 A 
l.04=2.64--0.80 0 5 A 
l.01=2.59-0.79 0 6 A 
0.99=2.53--0.77 0 6 A 
0.96=2.38-0.71 0 6 A 
0.93=2.19-0.63 0 6 A 
0.89=2.07---0.59 0 6 A 
0.84=2.12-0.64 0 6 A 
0.80=2.12-0.66 0 6 A 
0.77=2.03-0.63 0 7 A 
0.74=1.82-0.54 0 7 A 
0.72:=0.72-0 0 7 A 
0.77=0.77---0 0 7 A 
0.72=1.82-0.55 0 7 A 
0.61=I.79-0.59 0 7 A 
0.57=0.57-0 0 8 A 
0.68=0.68-0 0 8 A 

Washing has a very appreciable effect on 
the removal of discrete particles of im
purities from the sand, especially when 
an alkali or other dispersing agent is 
used. The test procedure of the A.F.A., 
which uses caustic soda as the dispersant, 
was used in preparing the Corley sand, 
and chemical analyses on washed sand 
are included in Table 6, because of the 
general relation of purity to several sand 
uses. 

Table 6. Chemical analyses of Corley sand. 

Per cent Analysis (ignited basis, per cent) 
Kind of sand of total Si01 AhOa Fe203 Ti02 CaO and MgO Others 

Original (washed) 100.0 95.72 2.42 0.05 0.14 0.50 1.17 
Plus No. 70 grains .............. - - 56.6 97.78 0.51 0.05 0.05 0.10 1.51 
Minus No. 70 grains ........ - --- 43.4 93.04 4.91 0.00 0.25 1.01 0.79 
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The purity of the sand will be consid
ered later in the discussion of the uses 
in which purity is specified. However, 
it is apparent from the above analyses that 
the Corley sand is quite pure and that the 
impurities tend to concentrate in the finer 
grain sizes. 

Sands are always washed when pure 
sand is required; therefore the purity of 
the sand prior to washing is of no technical 
interest. 

FOUNDRY SANDS 

Foundry sands are of two kinds: (a) 
those substantially clay-free sands that are 
blended with selected binders and desig
nated as synthetic sands, and (b) natural 
foundry sands which contain a suitable 
natural clay binder. The present tendency 
is to prefer the synthetic sands because of 
readiness with which their compositions 
may be varied to produce various desirable 
properties. In fact, in foundry practice 
recovered sands need to be constant! y 
reprocessed by washing and addition of 
new binder to restore their original prop
erties. 

The Corley sand, with its low content of 
clay, may be classified as a base foundry 
sand suitable for admixture with selected 
binders to produce various kinds of syn
thetic mold and core sands. 

Various tests are used to determine the 
suitability of a new sand and to measure 
the quality of a sand in use. With respect 
to these tests, the molding sand is con
sidered as the sand grains, binders, and 
the moisture present in the tempered mix
ture. 

MOLDING-SAND TESTS 

l. Percentage moisture: Moisture content, ex
pressed in percentage of the original moist 
sample, is determined by drying 50 grams of the 
tempered sand for 1 hour between temperatures 
of 105° and ll0° c., cooling the dried sample in 
a desiccator, and reweighing. 

2. Permeability: Permeability is that property 
of sand which permits the passage of gases and 
is a measure of the venting qualities of sand 
molds and cores. The natural characteristics of 
the sand and its binders, the density with which 
these are packed, and the percentage moisture 
used for tempering are important factors in regu
lating the degree of permeability. The quality 
of permeability is measured with a special appa
ratus which determines the rate of air flow 
through a molded specimen (2). 

3. Green compression: The green compressive 
strength, expressed in pounds a square inch 
(p.s.i.), is the resistance which a molded sand, 
while tempered, offers to an applied stress before 
it breaks. The compression strength is measured 
with several types of apparatus (1). 

4. Deformation: Deformation is the change in 
shape which a moist sand undergoes when sub
jected to pressure and is a measure of the tough· 
ness of the sand. It is expressed in inches and 
measured by the use of a special attachment on 
the strength-testing machine (8). 

5. Resilience : Resilience is the capacity of a 
deformed body to recover its original shape after 
deformation stresses are removed. It is expressed 
as an empirical number and measured by a 
special attachment on the sand strength-testing 
machine (1) . 

6. Dry compression: The dry compression ex
pressed in pounds a square inch (p.s.i.), is' the 
resistance which a molded sand, dried at tempera
tures of 105° to ll0° c., offers to an applied 
stress before it breaks. The test specimens are 
dried in a special oven with a rotating shelf to 
insure even heating, and the compression strength 
is determined with the compression machine (8). 

7. Sintering temperature: The sintering tem
perature is that temperature at which the sand 
sinters or begins to fuse and adhere to the casting. 
The test is made with a special apparatus known 
as a sinter meter (8) . 

8. Expansion: The expansion and contraction 
of molding sand and refractory materials are 
measured with a dilatometer (8). Both effects 
are expressed in inches. 

9. Flowability : The flowability of a tempered 
sand is measured by a special attachment to the 
sand rammer (8) used to prepare the test speci· 
mens. It is expressed in per cent. 

10. Durability: Various methods have been de
vised to measure the durability or life of sands 
and clays. The test that most closely approxi
mates foundry conditions is to prepare and re· 
peatedly pour small test molds, the sand being 
retempered and tested between pourings with no 
additions except tempering water. The relative 
loss in strength in any given number of heats will 
establish the value of the molding materials 
being tested. 

The above list, although not complete, 
furnishes some idea of the numerous tests 
used in examination and. control of foundry 
molding sands. 

Green compression and permeability, 
considered in relation to the fineness num
ber and moisture content of the tempered 
sand, appear to be the most important 
tests for identification and control. 
Permeability is more a measure of the 
quality of the bonding material than of 
the sand grains, since the base perme
ability, that of the sand without binder, 
is greatly modified by the kind and amount 
of various binders. A good bonding ma-
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terial will cement the grains adequately 
while still preserving a relatively open 
structure for the egress of gases. 

A description of the commonly-meas
ured properties of typical foundry sands 
is supplied in Table 7. 

tion in the moisture content. The mixed 
sand was stored in sealed jars to temper 
for 24 hours prior to testing. The more 
recent standard method of the A.F.A. 
requires only 2 hours storage before test
ing (2). 

Table 7. Typical foundry sands (8). 

u •• 

Aluminum castings ---------------------
Brass and bronze castings ______________ _ 
Copper-nickel castings -----------------
Light-gray iron (stove plates) ____________ _ 
Light-gray iron (squeeze molds) _ _____ _ 
Medium-gray iron castings--------
Medium-gray iron (synthetic sand) ___ _ 
Heavy-gray iron castings.---------------
Light malleable iron castings _______ _ 
Heavy malleable iron castings __________ _ 
Light-steel castings (green sand) ____ ___ _ 
Heavy-steel castings (green sand) ____ ___ _ 
Steel castings (dry sand) _ __________ _ 

Fineneu 
No. 

225--160 
150--140 
130--120 
200--180 
120-87 
86--70 
75--55 
61-50 

120-92 
85--70 
56-45 
62-38 
60-45 

A comparison of the grain fineness of 
these representative foundry sands with 
the Corley sand data of Table 5, will show 
that only very small amounts of the 
Corley sand could be obtained for the 
light casting service requiring sands with 
fineness numbers ranging from 225 to 120. 
Large quantities of sand are available 
from the Corley deposits for use in mold
ing medium to heavy iron and steel cast
ings. 

FOUNDRY-SAND TESTS OF CORLEY SAND 

These tests were made according to the 
standards and tentative standards of the 
A.F.A. The base sand and a selected 
binder were mixed by hand on a rubber 
cloth, using several different quantities of 
mixing water with each sand combination 
in order to determine the effects of varia-

Clay Green 
substance, Moi1ture, compression, Perme-
per cent per cent p.1.i. ability 

12-18 6.S--8.5 6.5--7.5 7-13 
12-14 6.0--8.0 7.0-8.0 13--20 
12-14 6.0--7.5 6.5-8.0 37-50 
10-12 6.S--8.5 6.0--7.5 10-15 
12-14 6.0-7.5 6.2-7.5 18-25 
11-14 5.5--7.0 7.S--8.0 40-60 
4--10 4.0-6.0 7.S--8.5 50-80 
8-13 4.0-6.5 5.0--7.5 80-120 
8-13 6.0-8.0 6.5--7.5 20--30 
8-13 5.5--7.5 6.5--7.5 40-60 
4--10 2.0-4.0 6.5--7.5 125--200 
4--10 2.0-4.0 6.5--7.5 130--300 
6--12 4.0-6.0 6.5--7.5 100--200 

The test specimens were prepared by 
compacting the mixed sand with the sand 
rammer according to the standard pro
cedure. 

Permeability was determined with a 
Dietert permeability meter (2), using 
standard rather than shop-control pro
cedure. 

Green compressive strength was deter
mined with a Saeger-type compressive
strength machine. 

All tests reported are the average of 
values for at least 3 test specimens, with 
results on single tests varying from the 
mean by no more than 10 per cent. 

The results of representative tests with 
Corley sand (A.F.A. Fineness No. 61) and 
several commercial binders are shown in 
Table 8. 

Table 8. Properties of molded specimens of Corley sand. 

Green 
Total compre11ive 

binder, Moisture, Perme· strength, 
Percentage of dry ingredients per cent per cent ability p.s.i. 

Sand, 94; Volclay, 6------------------- --------- 9.8 3.6 132 3.0 
9.8 5.5 140 3.4 
9.8 8.4 90 4.0 

Sand, 88; Volclay, 6; Panther Creek, 6 _________ __ __ __ 15.5 6.0 135 6.9 
15.5 8.3 104 8.2 
15.5 13.1 31 8.2 

Sand, 91.5; Volclay, 6; corn flour, 2.5 ___ ______ __ ___ ____ 12.2 5.2 109 4.2 
12.2 6.6 110 5.1 
12.2 9.6 74 5.0 

Sand, 88.5; Volclay, 9; corn flour, 2.5 ___________ _________ 15.0 7.5 115 6.7 
15.0 9.8 68 8.3 
15.0 11.9 29 7.3 
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The effects of the moisture content on 
sand properties are similar to those noted 
by Moray and Taylor (11). Each sand 
mixture attains maximum strength and 
maximum permeability at some definite 
moisture content, but the maxima do not 
always coincide. Increased moisture 
lowers the permeability and usually but 
not always increases the strength. Addi
tion of Panther Creek (southern, non
swelling bentonite) to the mixture con
taining sand and Volclay (western, swell
ing-type bentonite) increased the strength 
while only moderately affecting the per
meability. 

A brochure of the American Colloid 
Company (13) cites various other com
parisons of the two types of bentonite 
when used as binders for foundry sands. 

The results shown here are typical and 
may be compared with the properties of 
other Texas molding sands as determined 
by other investigators ( 4) . 

Tests such as the above are intended to 
establish only in a general way the pos
sible value of sands for foundry use and 
to show any definite limitations they may 
have. 

Additional tests and actual use in the 
foundry are required to establish definitely 
the comparative value of each sand. 

FILTER SANDS 

The exact order of examination and 
discussion of sands for industrial uses is 
of no great moment. Filter sands are 
considered here, immediately following 
foundry sands, because of the importance 
of grain size and distribution frequency to 
each use. 

The specifications for filter sands re
strict size and uniformity of grain dis
tribution, as well as stipulate that no 
clay and organic matter are allowable, 
and that the amount of material soluble 
in hydrochloric acid shall not exceed 2 
per cent (12). The shape of the grains 
for filter sands may vary from angular 
to rounded, but fiat and elongated grains 
(rarely present in a pure silica sand) are 
undesirable (16). 

In grading filter sands, two terms are 
used to express the average size and uni
formity of grains--"effective size" and 
"uniformity coefficient." 

As described by Ries (12), "the effective 
size of the sand is that size than which 10 
per cent by weight of the sand is finer and 
90 per cent is coarser." It is expressed 
in millimeters and is determined from a 
sieve analysis with the percentages stated 
cumulatively. "The uniformity coefficient 
is the ratio to the effective size of that size 
than which 60 per cent of the sand is finer." 

These properties of sands are best
determined graphically, as are the other 
functions of grain-frequency distribution 
considered by sedimentary petrologists 
(15) . The cumulative frequency curve of 
the sand distribution, determined by siev
ing test, is plotted, preferably on semi-log 
graph paper, with the grain diameter in 
millimeters on the horizontal scale and 
the cumulative weight per cent, larger than 
the size indicated, on the vertical scale. 
Logarithmic scale gradations of grain size 
increase from right to left. The logarith
mic scale is used on the horizontal axis 
when it is necessary to condense the size 
of the chart. Intercepts of the frequency 
curve are drawn parallel to the horizontal 
axis at the 90-per cent level and at the 
40-per cent level. Representing these in
tercepts as P 90 and P 40, respectively, P 90 

=the effective size and P,0/ P90=the uni
formity coefficient. 

The intercept method of presentation 
was adopted because of its relationship to 
methods used in sta\istical analysis and by 
sedimentary petrologists to determine 
other functions of the frequency of grain 
distribution, such as "kurtosis" and 
"skewness." 

Sands with effective sizes of 0.20 to 
0. 70 mm. are said to be acceptable for 
filter use, but those most commonly speci
fied have effective sizes of 0.35 to 0.65 
mm. The uniformity coefficient varies 
from 1.25 to 1.80, with 1.55 to 1.60 the 
average value (12). 

Various correlation studies of grain
distribution functions are being made by 
the Bureau of Mines; as a result of these 
incompleted studies, it appears that sands 
with A.F.A. fineness numbers of 14 to 32 
will constitute filter sands in the com
monly specified effective size range and 
that sands with A.F.A. fineness numbers 
of 12 to 54 will constitute filter sands in 
the acceptable effective size range. 
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Reference to Table 5 will show that 
certainly 15 per cent and possibly 30 per 
cent of the Corley sand would constitute 
filter sand of the coarser, more popular 
grade and that about 85 per cent of the 
Corley sand would be acceptable filter 
sand. 

On the basis of purity, only 0.5 per 
cent of the washed Corley sand of filter
sand grade was soluble in hydrochloric 
acid, as compared with the permissible 
2.0 per cent. 

No flat or elongated grains were present 
in the samples of Corley sand. 

Production of filter sand from the 
coarser·grain fractions would also provide 
finer-grain products for use as foundry 
sands. A series of products was prepared 
by screening with properties as described 
in Table 9. 

be viewed with caution. Washing and 
classification nearly always would be 
economically feasible, and other methods 
of treatment might be justified by partic
ular circumstances. 

Dasher and Ralston (6) supply a valu
able review, "New Methods for Cleaning 
Glass Sands," with pertinent comments 
about procedures and costs. Some of the 
methods considered are attrition scrubbing, 
electrostatic separation, flotation, heavy
media separation, magnetic separation, and 
acid leaching. Screening, hydraulic classi
fication, and tabling also may remove im
purities along with sand grains too fine 
to be included in the glass sand. Dasher, 
Rough, and Bacon (7) describe in detail 
the beneficiation of a California beach 
sand, with emphasis on the application 
of flotation to remove feldspar. 

Table 9. Filter and foundry sands from Corley sand. 

Coarsest 20 per cent·-·······-·····-··--····-·-······----Coarsest 40 per cent _______________________________ _ 

Coarsest 50 per cenL---------------···-···----
Coarsest 60 per cenL·-···········-··········-----·-··············· 

Original sand ·······-··············-·········- ··-··-··-----

Finest 80 per cent... .... ·-··-······-···················-··--··-··-
Finest 60 per cent ......... ---····························-·-··-··· 
Finest 50 per cent .. --·····-········-····--············-····--·
Finest 40 per cenL·-········--··········-··········- ···-··-·-

The data in this table illustrate the 
possibilities of preparing filter sands and 
fine foundry sands by screening or scalp
ing the original sand. 

GLASS SANDS 

Sand of desirable chemical purity for 
use in manufacturing glass is a raw 
material of considerable value and interest. 
The average price of $1.87 a ton for glass 
sand in 1942 exceeded the price of any 
other industrial sand ( 5) . 

The methods of beneficiating or prepar
ing glass sand depend on the character of 
the sand and its impurities. Practically 
every glass sand is washed as a very 
minimum of treatment and, because of the 
relatively low value of sand in comparison 
with chemical raw materials in general, 
other proposed methods of treatment must 

Clay 
Fineness Effec tive Uniformity content, 

No. size, mm. coefficient per cent 

(Filter sands) 
35 0.34 1.38 0 
39 0.30 1.40 0 
41 0.22 1.68 0 
44 0.19 1.84 0 

(Foundry sands) 
61 0.11 2.36 4.0 

69 5.0 
77 6.7 
83 8.0 
90 10.0 

In general, impurities in silica sands are 
of three kinds--discrete mineral particles 
or specks, staining on the sand grains, and 
inclusions in the sand grains. 

Specks, if they differ markedly from the 
bulk of the sand in magnetic properties 
or conductivity, may be removed by mag
netic or electrostatic separation. In one 
instance, a sand from San Jacinto River 
in Texas contained specks of magnetite 
that were completely and efficiently re
.moved by magnetic separation. Also, if 
the specks differ appreciably in density 
from the sand grains, they may be removed 
by gravity methods of classification and 
tabling. Acid leaching will remove some 
of the speck material, and according to 
Dasher and Ralston (6) froth flotation is 
sometimes effective. 
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Staining may be removed by washing 
with water or, when tenacious, by attrition 
scrubbing or acid leaching. The attrition 
scrubber is a machine developed at the 
Eastern Experiment Station of the Bureau 
of Mines and described in detail by Dasher 
and Ralston (6) . Various methods of 
chemical treatment, including the use of 
sulfuric acid, ferrous sulfate-sulfuric 
acid, sodium acid oxalate-ferrous sulfate, 
and others have been discussed as being 
effective for the removal of certain kinds 
of staining. 

Inclusions may color the grains almost 
any color but commonly yellow, tan, or 
brown. The pronounced brown appear
ance of common structural sands is 
usually due to the presence of a pre
ponderance of chert. Sands of this type, 
because of their common occurrence, are 
tempting to the investigator but unfortu
nately very refractory to beneficiation by 
any means. The chert grains, although 
colored by impurities, usually approximate 
the pure quartz grains in density and most 
other physical properties. 

GLASS-SAND PURITY 

Specifications for glass sand are based 
on both particle size and chemical purity. 
The requirements for size and size-distri-

bution frequency are usually that the sand 
shall pass through a No. 20 sieve and 
remain on a No. 100 sieve. The limits 
in the percentage of oversize and particu
larly undersize may vary considerably. 
Usually the intrinsic chemical purity of 
the sand will indicate in a general way 
the percentage of minus 100-mesh fines 
that may be permitted to remain in the 
sand, as these generally contain a pre
ponderance of impurities. 

Relative freedom from chemical im
purities is essential for glass sands, and 
the amount of these impurities determines 
the grade of the glass sand and the kinds 
of glass that can be made from it. Ries 
( 12) supplies the grading system for glass 
sands shown in Table 10. 

It is apparent from Table 10 that iron 
oxide is the most undesirable impurity, 
particularly in the better grades of glass 
sands. Manganese dioxide or other decol
orizers may be used to neutralize the color 
produced by iron in window glass and 
some kinds of container glass, but iron is 
tolerated only in very small amounts in 
optical and flint glass. Rodkin and 
Cousen state that no sand is a first-quality 
glass sand if its silica content is less than 
99 per cent (10). 

Published chemical analyses of glass 
sands (11) are shown in Table 11. 

Table 10. Specifications for the chemical compositions of glass sands. 
(Analyses based on ignited samples.) 

First quality, optical glass .... -------------------------------------------------------
Second quality, flint-glass containers ....................................... . 
Third quality, flint glass .... -- ------------------------------------------------
Fourth quality, sheet glass, rolled and polished plate ........ . 
Fifth quality, sheet glass ...... -----------------------------------------------------
Sixth quality, green-glass containers and window glass ..... . 
Seventh quality, green-glass containers and window glass .. . 
Eighth quality, amber-glass containers ..... ------------·-------------------
Ninth quality, amber glass ....... ---------------------------------------------

Analysis, per cent 

Si02 Al:.:03 Fe20a CaO and MgO 
minimum maximum maximum maximum 

99.8 
98.5 
95.0 
98.5 
95.0 
98.0 
95.0 
98.0 
95.0 

0.1 
0.5 
4.0 
0.5 
4.0 
0.5 
4.0 
0.5 
4.0 

0.02 
0.035 
0.035 
0.06 
0.06 
0.3 
0.3 
1.0 
1.0 

0.1 
0.2 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 

Table 11. Chemical analyses of representative glass sands. 
(Analyses based on ignited samples.) 

Source 

Crystal City, Missouri: 
Crude -------------- -----------------------------------------·-------------·--· 
Washed -----------------·---------------------------------------------· 

M:~!~~k'.· J::tn\ii~~~i~ __ :::::::::::::::::::::::::::::::::::::::::::::::: 

~!~~\;;!~~~~;Ne-:.:;·:y~~k::=====:=~~::::::::=:=::::::::::::::::: 

99.57 
99.78 
99.82 
99.81 
99.69 
98.6 

Analysis , per cent 

A120a Fc20a 

0.21 O.G75 

0.12 0.017 
0.17 0.014 
0.16 0.021 
0.17 0.23 

CaO and 
MgO 

0.14 

tr. 
0.00 
0.08 
tr. 
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BENEFICIATION OF CORLEY SAND 

The chemical analyses of Corley sand, 
shown in Table 6, indicate that it may be 
prepared by washing and sieving on a 
No. 70 sieve to approximate flint-glass 
quality. The total silica ( 97. 78 per cent) 
is low and the iron oxide content (0.05 per 
cent) is slightly high for first- and second
quality glass sands, but it is sufficiently 
pure for most other glass-sand uses. 

Sieve analyses of the washed and 
screened sand indicated that the size
frequency distribution of grains approxi· 
mated that of other well-known glass 
sands, as is shown in Table 12. 

through the action of heavy moving parts 
of the machine. 

In the present tests, attrition scrubbing 
was conducted in two ways-by dry tumb· 
ling in a porcelain pebble mill without 
pebbles and by tumbling wet with small, 
1;4-inch-diameter steel slugs. In each 
treatment, water washing after scrubbing 
removed all loosened materials. Some of 
the smaller, more fragile sand grains are 
reduced to dust by the treatments and this 
constituted a loss of material in processing. 
The results of representative tests with the 
Corley sand (plus No. 70 sieve fraction) 
are shown in Table 13. 

Table 12. Cumulative screen analyses of glass sands. 

Weight, per cent 

Mesh 
retained 

Sand• 

ont 2 3 4 5 6 7 8 9 

14 0 0 0 0 0 0 0 0 0 
20 0.5 0.4 0.6 1.1 0 0 0 0 0 
28 3.4 1.5 2.9 6.3 10.1 0 0.7 0.1 3.4 
35 15.6 4.2 13.0 23.0 19.5 1.1 11.6 2.9 30.5 
48 40.2 12.3 36.8 52.9 60.0 33.6 42.1 23.1 65.0 
65 68.8 36.7 72.9 84.5 85.7 78.1 74.3 51.3 82.1 

100 93.0 81.4 95.7 98.6 98.0 94.6 94.6 77.1 92.9 
150 98.0 97.5 99.2 99.8 99.8 98.6 99.3 90.6 98.2 

•Source of. aand: 
1. Corley deposit, Freestone County, Texas (coarse fraction). 
2. Williamstown Junction, New Jersey. 
3. South Vineland, New Jersey. 
4. Locality unknown (washed and tabled sand). 
5. Ottawa, lllinoia. 
6. Berkeley Springs, Virginia , 
7. Weldron, lllinoi1. 
8. Crystal City, Missouri. 
9. Ottawa, Illinois. 

t'fh e axis sieve values are in italics. 

No beneficiation of the Corley sand was 
obtained by table concentration, magnetic 
and electrostatic separation, or froth flota
tion. The impurities appeared to be pres
ent as staining and in solid solution in the 
sand grains. Distinguishable speck im
purities were very few. Two methods that 
effected beneficiation, attrition scrubbing 
and acid treatment, are described in detail. 

ATTRITION SCRUBBING 

Attrition scrubbing, as applied to glass
sand purification, is a means for dislodging 
tough, adherent stains from the sand 
grains. The principal objection to the 
machine developed for attrition scrubbing 
(6) is the relatively high energy consump
tion in applying friction to the grains 

Table 13. Data on the attrition scrubbing of 
Corley sand. 

Attrition 
with slugs 

Sand to slug, weight ratio ... LO 
Sand to water, weight ratio 2.0 
Scrubhing time, hours ·---······ 1 
Sand recovery, per cent ........ 74 
Properties of products: 

Sieve analysis; cumula· 
tive weight per cent on 
seive No. 

20 ··-·-····--·------·-··-----······' 1.4 
30 ·---·-··-·-·····---····-···---- 7 .8 
40 ·····-··--··-·-····--·-····---·--- 34.6 
50 -·--·····-··-···-·-··········-··· 69.6 
70 -·······----··········----····---- 98.2 

100 -·-·---··-···---··---·-···-····--·100 
Chemical analysis; per cent 

(ignited basis) : 
SiO, ·-·- ········-·-····-·········-······· 99.61 
Al,0, - -······--·········---···-···----·· 0.15 
Fe.Os ·---····--···----·-·---····-····-··- 0.031 
TiO, ·--··-··--·--·-···-··-·-···-······ 0.08 
CaO and MgO.................... 0.13 

D<y 
tumbling 

4 
84 

1.2 
7.4 

30.2 
62.6 
94.6 

100 

99.50 
0.12 
0.039 
0.08 
0.26 
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The results of attrition-scrubbing treat
ments were good and indicated that glass 
sand of flint-glass quality could be pro
duced from the Corley sand, without re
sorting to the attrition scrubber described 
by Dasher and Ralston (6) to dislodge the 
stain. More tenacious staining of glass
sand grains, however, may require the 
more vigorous abrasive treatment. 

Dry tumbling for a greater length of 
time than attrition with slugs produced a 
sand of nearly the quality of the slug
treated sand and with less loss of sand by 
abrasion. 

CHEMICAL TREATMENT 

Chemical treatment is an alternative 
procedure for removing staining material 
from the sand grains and also may be 
effective in dissolving some speck material. 

Trials with various chemicals and com
binations of chemicals indicated that sul
furic acid compared favorably with any 
of the other reagents or combinations of 
reagents for removing stains from the 
Corley sand. 

Two representative tests are described 
as follows: Each test was made with one 
part by weight of plus No. 70 Corley sand 
and 5 parts by weight of 50 per cent sul
furic acid. In one test, an amount of 
ferrous sulfate equivalent to 0.2 of the 
weight of the sand was added to the acid 
reagent. The sands were agitated 
mechanically with the liquid reagents at a 
temperature of 80° C. for 2 hours. After 
the chemical treatment, the sand products 
were washed thoroughly by decantation 
and dried. Data on the tests are shown in 
Table 14. 

Table 14. Data on the chemical treatment of 
Corley sand. 

Leaching solution 
H2SO, 

and 
Method of treatment H2so. Feso~ 

Weight loss during treat
ment, per cent.................. 0.8 

Analysis of products, per 
cent (ignited basis) 

SiO, .................................. 99.864 
AJ,O, ................................ 0.020 
Fe.o, ·····························-· 0.036 
Tio. ·················· .. ······-······ 0.030 
CaO and MgO ............ ___ 0.050 

1.4 

99.760 
0.121 
0.039 
0.030 
0.050 

These treatments were effective in pro
ducing sand in the range of purity satis
factory for the best grades of flint glass. 
The purification appeared to be greater 
with sulfuric acid alone than with sulfuric 
acid combined with other reagent. How
ever, there was no advantage over the 
results obtained by attrition scrubbing, 
except that a much greater recovery of 
usable sand was obtained. 

The acid consumption is very low, as 
the reagent is consumed only in reaction 
with impurities. It appears quite possible 
that acid washing might be conducted 
economically provided that wooden or 
other inexpensive materials could be used 
for the treating vessel, draining platforms, 
and water washers. Dasher and Ralston 
( 6) state that the operation including the 
cost of the acid might be about 75 cents 
a ton of sand. 

OTHER POSSIBLE INDUSTRIAL USES FOR 
CORLEY SAND 

In addition to use as foundry sand, 
filter sand, and glass sand, other possible 
markets exist for the Corley sand. Inas
much as the chemical purity is high, grain
size characteristics would be the major 
limiting factor in the marketing of the 
sand. The various other possible uses 
are considered primarily on the basis of 
specifications and other data supplied by 
Weigel (16) and Ries (12). 

ENGINE SAND 

Engine or traction sand is the sand used, 
principally by railroads, for preventing 
the slipping of driving wheels of loco
motives and other self-propelled vehicles 
on slippery tracks. A considerable ton
nage is used for this purpose. 

Either round- or angular-grained sand 
is suitable, but round grains tend to roll 
off the rail before they are engaged by 
the driving wheels. The sand must flow 
freely and not clog the conduit; therefore 
only a small amount of clay is permissible 
because of its agglomerating tendency. 
Specifications for grain size vary, but com
monly all of the sand should pass through 
a No. 20 sieve and at least 90 per cent 
should be retained on a No. 80 sieve. 

Corley sand would be an acceptable 
engine sand and could be screened on a 
No. 80 sieve to produce fines suitable for 
other uses, such as in foundry sand or 
glass-polishing sand. 
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ABRASIVE SANDS 

The principal abrasive uses for silica 
sand are stone-sawing, glass-grinding, and 
sandblasting. 

Stone-sawing.-Sand for stone-sawing is 
usually ungraded but roughly sieved to 
remove rubble and washed to remove very 
fine sand and clay. Round and angular 
grains are acceptable but flat particles 
are objectionable. The sands for this pur
pose are usually a little coarser than the 
Corley sand, as, for example, about 16 per 
cent on 20-mesh and about 100 per cent 
on 100-mesh. No. 1 sandblast sand, dis
cussed under sandblast sand, is preferred 
by some plants. 

Glass grinding.-Crude-rolled plate glass 
requires rough grinding to remove in
equalities of the surface before the final 
grinding and polishing with garnet or 
artificial abrasives. Sand of the general 
grain characteristics of glass sand is used, 
but chemical purity is of no importance. 
Very fine sand and clay are objectionable 
and should be removed from the Corley 
sand by washing and classification to make 
it usable as glass-grinding sand. 

Banding sand.-Banding sand is a 
special sand once used for the second or 
semifinal grinding of plate glass and as an 
abrasive in beveling glass. It has been 
replaced for this use by other natural and 
synthetic abrasives but is still sold for 
other than abrasive purposes. The grain
size specifications call for sand passing 
through a No. 20 sieve and remaining on 
a No. 150 sieve. Washed and classified 
sand from the Corley deposit is suitable 
for use as banding sand. 

Stone and marble grinding.-Sand of 
the same grade as that used in stone saw
ing is satisfactory. Although sharp, 
angular grains are considered best, any 
cutting edges of the original sand are 
soon rounded off. Excessive amounts of 
fine grains and clay are objectionable. 
Corley washed and classified sand would 
be entirely suitable for stone and marble 
grinding. 

Sandblast sand.-Both sand and steel 
grits are used for sandblasting. The steel 
grits are readily recovered and reused, but 
large amounts of sand are used where 
equipment for recovering the abrasive 
particles is not available or when recovery 
is not desirable. Considerable amounts of 

sandblast sand are used in foundries 
to clean castings. Other uses are the 
cleaning of old brick and masonry walls 
of structures, preparing metal surfaces 
for the electrolytic bath or enameling, 
and for engraving and carving designs on 
stone and marble. 

The four grades of sandblast sand gen
erally used are described as follows: 

Grade 
No. Size description 
1 Through 20-mesh and retained on 43-mesh 
2 Through IO-mesh and retained on 28-mesh 
3 Through 6-mesh and retained on 14.-mesh 
4 Through 4.-mesh and retained on 8-mesh 

These classifications roughly conform to 
A.F.A. fineness numbers of 40, 30, 10, and 
5, respectively. Examination of the data 
supplied in Table 5 shows that about 45 
per cent of the Corley sand (coarsest 
portion) would be marketable as No. 1 
sandblast sand and about 15 per cent of 
the Corley sand (coarsest portion) as No. 
2 sandblast sand. No sand would be 
obtainable sufficiently coarse to be 
marketed as No. 3 or No. 4 sandblast sand. 

FIRE OR FURNACE SAND 

Silica sand is commonly used for the 
production of monolithic walls and 
bottoms in metallurgical furnaces, particu
larly in open-hearth steel furnaces and in 
furnaces for the smelting and refining of 
copper. The sands used are similar to 
foundry molding sands. 

The sand for furnace linings should be 
refractory, and therefore chemical impuri
ties must be limited in quantity. How
ever, if the impurity consists predom
inantly of kaolin clay or similar refractory 
material, it may be tolerated in consider
able amounts or even added to provide a 
bond for the sand. 

A representative sand used for this pur
pose contained 97.27 per cent silica, 0.80 
per cent alumina, 0.52 per cent iron oxide, 
and 0. 75 per cent of other oxides. 
Usually, a silica content of greater than 
95 per cent is specified ( 12) . 

The Corley sand without treatment other 
than the removal of trash and rubble 
should be satisfactory for use as fire or 
furnace sand. 

CHEMICAL OR METALLURGICAL SANDS 

This group of sands includes sands 
used for the manufacture of sodium 
silicate, artificial abrasives, and similar 
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uses usually requiring high chemical 
purity. 

Sodium silicate.-Both sand and dia
tomaceous earth are used for manufactur
ing sodium silicate, but sand is preferred 
because of its relative cheapness and avail
ability. The presence of iron salts is 
particularly objectionable. The sand 
should pass through a No. 20 sieve and 
remain on a No. 100 sieve, which are 
specifications approximately equal to 
those for glass sand. The general purity 
requirement is that the sand contain at 
least 99 per cent silica, not over 1 per cent 
alumina, not over 0.5 per cent lime and 
magnesia combined, and less than 0.1 per 
cent iron oxide. Corley sand heneficiated 
for glass·sand use would he entirely suit
able for the production of sodium silicate. 

Sand for pulverizing.- Pulverized silica 
is used in ceramics and for various other 
purposes such as fillers. Silica sands are 
much used in preference to vein quartz 
because of their comparative availability 
and ease of grinding. There are no 
particular specifications, and many of the 
producers of foundry or other industrial 
sands market "silica flour" as a by-product 
of the preparation of other sand products. 
Purity is of some importance, at least for 
certain uses, and sand of glass-sand quality 
is the most common raw material. Corley 
sand is suitable for pulverizing. 

Silicon carbide.-Silicon carbide or car· 
horundum is usually produced from coke 
and sand of glass-sand quality. Generally, 
it is specified that all the sand grains shall 
pass through a No. 20 sieve and he retained 
on a No. 140 sieve. The purity require· 
ments are 99.0 to 99.5 per cent silica, with 
no more than a trace of lime, phosphorus, 
and magnesia. Small amounts of alumina 
are not particularly harmful. This raw 
material is obtained from the Pennsyl
vania and Illinois glass-sand districts. 
Corley sand beneficiated for glass-sand 
use is entirely satisfactory for the manu
facture of silicon carbide. 

SPECIAL STRUCTURAL SANDS 

Sand is used for the production of 
various structural materials of a special 
character in addition to its common use 
(not considered here) as aggregate in 
concrete, cement, and plaster. 

Silica brick.-Silica or acid brick is a 
ceramic material consisting almost entirely 

of silica, although commonly about 2 per 
cent of alumina and about 2.5 per cent of 
lime (equivalent in aggregate to a small 
amount of kaolin) may he present as a 
hinder for the sand from which the bricks 
are molded. The chemical analysis of the 
standard silica brick of the A.S.T.M. is as 
follows: 

A.S.T.M. (3) 
standard sample 

No.102, 
per cent 

SiO, ------------------- -------- 93.94 
AI.Oa ---------------- 1.96 
Fe.Os ---····---------- 0.66 
TiO, ------------·---- 0.16 
ZrO, ----····-------------- - 0.021 
P,O, ----···------------- - -- 0.025 
MnO, -------------··-------- 0.005 
Cao ------------------- 2.29 
MgO ··---·-·········-···-------- 0.21 
Na,O ---··------------------------ 0.06 
K,O --------------------- 0.29 

Ignition loss - ------------------------ 0.38 

Corley sand with the admixture of a 
little kaolin should he entirely satisfactory 
for the production of silica refractories. 

Sand lime brick.-The use of sand-lime 
brick has been constantly growing, espe
cially in localities where brick-clay is 
scarce or of unsatisfactory quality. Emley 
(9) has furnished much informative data 
on the materials and the industry. 

Sand in sand-lime brick furnishes silica 
for reaction with the lime to produce the 
monocalcium silicate bond and supplies 
the basic aggregate. The sand should he 
well graded from coarse to fine and, as a 
practical rule, should contain about 15 per 
cent of grain finer than 100-mesh. Sands 
which have been used vary in texture from 
48 to 0.0 per cent retained on a 20-mesh 
sieve to 0.0 to 5 per cent passing a No. 200 
sieve. Sand with an A.F.A. fineness num
ber of about 50 to 60 is entirely suitable. 

Extreme chemical purity is not essential, 
hut the sand should he free from rubbish 
and other extraneous material. Clay tends 
to weaken the brick but is not otherwise 
particularly injurious, and the effect of its 
presence may be at least partly neutralized 
by providing excess lime. 

Corley sand, roughly screened to re
move trash, would be entirely suitable for 
use in the manufacture of sand-lime brick. 

Potter's sand.- Potter's or placing sand 
is used in the ceramic industry as a pack
ing in the saggers and between the shapes 
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in the manufacture of whiteware, wall and 
floor tile, heavy-clay products and re
fractories. Two general grades of size are 
used; the coarse being mostly between JO. 
and 40-mesh and the fine mostly between 
28- and 100-mesh. The Corley sand or any 
good grade of glass sand is suitable for 
this use. 

Roofing sand.-Roofing sand, as here 
defined, is the material used in coating 
prepared roofing, for which white sand 
only is suitable. Although a rounded
grain sand is desirable, sharp-grained sand 
is also used. Fine grains are objection
able but a product prepared by screening 
the fines from Corley sand with a No. 70 
sieve would be entirely suitable. 

Flooring sand.-Flooring sand is that 
used in asphalt mastic flooring, which is 
made up of asphalt cement, a sand aggre
gate, and a fine absorbent filler. The 
chemical composition of the sand is not 
specified, but the distribution of sizes of 
the grains is regulated. Federal specifi
cations (16) call for sand of which all 
shall pass through a No. 3 sieve, not over 
60 per cent through a No. 8 sieve, not over 
40 per cent through a No. 30 sieve, and 
not over 7.5 per cent through a No. 100 
sieve. Corley sand without admixture of 
coarser grains of sand is unsuited for this 
use. 

SUMMARY 

Sand strata in the Simsboro member of 
the Eocene Rockdale formation outcrop 
in numerous counties in the Coastal Plain 
of Texas. Foundry sand has been pro
duced from the Corley sand deposit in the 
Simsboro member near Teague, Freestone 
County, to supply the requirements of 
foundries in the eastern part of Texas since 
1939. An investigation of the foundry 
and other industrial uses for this sand 
shows that it has considerable value. It 
may be separated into fractions to satisfy 
a range of requirements for foundry 
molding-sand use. Beneficiation by wash
ing, screening, and attrition scrubbing or 
acid treatment will supply a product 
closely approximating the chemical puri
ties and other properties of the best grades 
of flint-glass sand. It may be separated 
into fractions suitable for use as filter 
sands, engine sands, abrasive sands, 
potter's sand, roofing sand, fire or furnace 
sand, and other uses. Sand-lime brick and 

silica brick may be manufactured from it. 
The beneficiated sand may be used in the 
manufacture of sodium silicate and 
silicon carbide. 

The general quality of the Corley sand 
is good, and in many ways it is comparable 
with established sources of industrial 
sands from geographically remote deposits, 
such as those in Illinois, Ohio, and New 
York. On the basis of sand quality, a 
considerable industrial-sand development 
might be established in this area and pro
vide a valuable addition to southern 
industry. 
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TEXAS WATER RESOURCES 

F. B. PLUMMER 

DEVELOPMENT OF WATER UTILIZATION 
IN TEXAS 

Next to the soil, water is the most valu
able and most needed natural resource in 
Texas. Its utilization began with the 
arrival of the first Indian, who laboriously 
sought a path through the wilderness, and 
has continued with ever-increasing de
mands until enough water has been pro
vided now to supply a population of nearly 
7,000,000 thirsty people and their count
less stock, vegetable gardens, farms, and 
ranches. 

When Vasquez de Coronado journeyed 
across Texas in 1540, he found irrigation 
had been developed by Indians along the 
Rio Grande Valley. The early Jesuit 
priests in establishing missions for the 
Indians at San Antonio, Menard, and else
where dug canals and ditches for a water 
supply and for the irrigation of crops. 
The Americans who arrived from the north 
and east 300 years later settled at first 
along streams and near springs. As they 
fought their way westward into the semi
arid region of west Texas, they found that 
the supply of water from the rivers was 
poor and inadequate, that springs were 
rare, and at first they avoided the western 
region. 

When the railroads were built across 
Texas in the 1880's, the Southern Pacific 
Company successfully drilled wells for a 
water supply for its engines. This discov
ery led to drilling of water wells for towns 
and ranches. Population followed the 
water, and the western lands were opened 
up. 

Extensive use of ground water for 
irrigation has come within recent years 
only, first in the rice lands of the Gulf 
coast region south of Houston, then in the 
High Plains region of northwest Texas, 
and finally in the Winter Garden area in 
southwest Texas. In 1920 there were only 
a very few irrigation wells in Texas. In 
1940 more than 500,000 acres of fertile 
soil were irrigated by water from wells. 
This development of well water has been 
greatly aided by the improving of pump
ing equipment, by the discovery of oil and 

gas, and by an increase in distribution of 
electricity. Now deep wells have elec
trically-driven or gas-powered turbines 
which raise water in large volumes to 
supply an army camp of 100,000 soldiers, 
or to irrigate a thousand acres of farm 
land, possibilities unthought of even 
twenty years ago. 

Can this rapid increase in the demand 
of water as the population continues to 
grow be met by the supply? ls there 
adequate water supply for an ever-expand
ing population, new industries, and 
enlarged requirements of a progressive 
expanding population? These are im
portant questions for the future of Texas. 

OCCURRENCE AND MOVEMENT OF 
GROUND WATER 

Most people believe that rains and 
floods bring an over-abundance of water, 
that the water seeps into the ground, and 
if one drills a hole deep enough at most 
any place and has luck he will strike an 
inexhaustible supply. Such an assump
tion is only partially true. Rock forma
tions beneath the surface over most of 
Texas are laid down in definite stratified 
layers. Some layers are porous and yield 
waters, others are dense, tight, and im
pervious, and although they may be 
saturated, water cannot flow through them. 
Ground water occurs in the rock pores, 
cracks, and crevices between the rock par
ticles. Rain water sinks into the soil, 
trickles slowly downward to fill the rock 
pores below, and continues to flow in until 
the ground is filled up to a certain surface 
known as the underground "water table." 
Such water is known as "free" ground 
water, and may be obtained simply by 
sinking a hole to the water table and pump
ing the water out, as shown by the shallow 
well in the diagram (figure 71). The 
water table is not flat as many people sup
pose, but generally curved to correspond 
approximately with the curvature of the 
land surface. In most places in Texas, 
the rock formations are tilted slightly and 
most of the layers are clays or dense lime· 
stones which may contain water but usually 
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Fig. 71. Section through the earth showing the way ground water may occur. 
The shallow well is obtaining water from gravel deposited on impervious rocks. Water occurs 

throughout the gravel, but not in the dense shale below. The deep well has been drilled through 
the dense shale and obtains the water from a porous, water-bearing limestone below the shale. The 
water is confined by the shale and when penetrated by the well is under sufficient head to rise to 
the surface and flow. 

do not yield it freely to the well. Avail
able water occurs mostly in the permeable, 
sandy layers, or in limestones which have 
sufficient open, connected pores. Water 
sinks into the permeable layers and trick
les downward until it reaches the im
pervious layer and then flows laterally 
down grade until th~ pores in the per
meable layer are filled, as shown by the 
deep well in the diagram, figure 71. In 
order to obtain water in such places, one 
has to sink a well through the impervious 
layers and drill until the porous water
bearing stratum is reached. Such water is 
called "confined water," and it can get 
into the ground only at the places where 
the permeable layer reaches the surface. 
If the water is pumped out of the ground 
faster than it is replenished from the sur
face, the water stored in the ground will 
be depleted, and the wells sooner or later 
will fail. In some places in Texas, where 
water is confined between impervious 
layers and exists under sufficient head, 
when the sand is penetrated by the drill the 
water will rise to the surface and flow, as 
shown in the deep well (fig. 71) and in the 
cross section (fig. 72). In such places 
if a large number of wells are drilled and 
the water is allowed to flow unrestricted 
the year around whether it is needed or 
not, much water is wasted.1 

Ground water is not inexhaustible. It 
is more valuable than oil or natural gas 

lWaste of water from arte1ian well i1 prohibited by law 
(Revi.led Civil Siatute.r of Te:&o1, 'f'Ol. 2, 19'l5). 

and should be conserved and used accord
ingly. In some places in Texas, under· 
ground water is being overlooked. Farm
ers rely too much upon rains or inadequate 
streams for water, and during droughts 
they suffer high losses. In such places a 
well-located reservoir or several good 
wells would furnish a stand-by supply 
for their critical needs. In selecting a 
ranch, farm, or site for a hotel, camp, or 
factory, an investor should first thoroughly 
investigate the water supply. It is much 
easier to locate a factory near good water 
than to move water to a factory, once the 
buildings are finished. The occurrence, 
amount, depth, and rate of production of 
water in Texas are now fairly well known. 
Good advice can be obtained easily from 
the Ground-Water Division of the United 
States Geological Survey, from the State 
Board of Water Engineers, or from The 
University of Texas. 

REGIONAL DISTRIBUTION OF WATER 

Water is not distributed uniformly 
throughout Texas. It occurs more plenti
fully in the southeastern part of the State 
than in the southwestern and more in the 
south-central than in the north-central. 
This is partly due to the rainfall and 
climatic conditions of the State and partly 
due to geologic and physiographic con· 
ditions which affect natural run-off of 
rainfall and natural underground storage 
of water in the water-bearing under
ground layers. 
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The rock formations in the eastern and 
southern parts of the State contain porous 
and permeable water-bearing sands which 
dip gently southeastward and contain 
good water. In the north, central, and 

western part of the State the formations 
are older, less permeable, and contain less 
good water. In the extreme western part 
of the State in the High Plains region, a 
good water supply occurs again at shallow 
depth over broad areas. The eastern part 
of the State has a maximum average an· 
nual rainfall of nearly 50 inches per year. 
The rainfall decreases progressively 
toward the west until at El Paso the 
average annual is less than 15 inches per 
year (see map, fig. 73) . 

Furthermore, the distribution of the 
rainfall is not uniform. In the central 
and western parts of the State particularly, 
more than 60 per cent of the rain may 
come in one or two months, and there may 
be, at certain times, two or three months 
or even more of drought with no rain at 
all. In the eastern part of the State 
streams of moderate size flow the year 
around and provide an adequate supply 
of water for farms and ranches. In the 
central and western parts of the State, 
except for a few rivers, most streams are 
intermittent and flow only for a short time 
after periods of rain. Heavy rains in 
spring and summer may cause floods 
which ruin crops in the rich alluvial 
valleys. Therefore, the problem of water 
supply and flood control means more to 
Texas than to most states. 

Reservoirs have been constructed on the 
main rivers to control floods, produce 
hydroelectric power, and furnish water 
supplies for irrigation. The subsurface 
water supplies are being developed to 
supplement the surface water, provide 
municipal supplies, and even in some 
places to furnish water for irrigating 
farms and gardens. The following para· 
graphs are intended to give a brief review 
of these developments, indicate the extent 
of the water resources, and point out plans 
and needs for future and more extensive 
utilization of both surface and under
ground water. 

LOCAL DISTRIBUTION OF UNDERGROUND 
WATER 

Hickory water sand.-The oldest geo· 
logically and one of the important ground 
water supplies of the State comes from 
the Hickory sandstone. This formation 
occurs in the central part of the State 
bordering the granite and schists of the 
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Fig. 73. Map showing rainfall and surface water supplies of Texas. 
The large reservoirs constructed along the principal rivers are shown in black; proposed sites of 

new reservoirs in red. Irrigated areas are outlined by red lines. The annual rainfall is indicated 
by the figures at the end of the black Jines. Note that the amount of rainfall decreases from 50 
inches per year on the Louisiana line to 10 inches at El Paso. Most of the reservoirs are located 
in the central part of the State. Data furnished by State Board of Water Engineers. 

Llano region. Deep wells reach it in the 
vicinity of Brady, Mason, Fredericksburg, 
north of Johnson City, and in certain 
places around Marble Falls and Burnet. 
The water sand is 15 to more than 100 
feet thick, is coarse grained, and somewhat 
consolidated, has a fairly high perme
ability and its water is of good quality. 
Total solids in the water in most places are 
less than 400 parts per million. Three 
artesian areas have been developed in 
Mason and McCulloch counties, and the 
full possibilities of this fine water reser
voir have not been determined. Brady 
and Mason are fortunate cities to be sit
uated above so fine a supply. A well 
recently completed at Brady is reported by 

W. N. White2 to have pumped 800 gallons 
per minute after being shot with a heavy 
charge of nitroglycerin. 

Furthermore, the sand offers opportuni
ties of being developed in new areas, 
perhaps, for example, in the city of San 
Saba, at Johnson City, and in the region 
south and southwest of Fredericksburg. 
Relatively deep wells, however, will be 
required. Recently water of good quality 
has been obtained in this sand at a depth 
of 3800 feet near the town of Eden. 

Ellenburger aquifer.-The Ellenburger 
water reservoir borders the Hickory reser-

'Sundstrom, R. W .• and White, W. N., If your town 
uses ground water you need to know all you can about ita 
source and limits: U. S. Geo}, Survey unpublished manu· 
script, 1944. 
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voir in central Texas and extends over the 
fine ranch country of central Texas where 
the Ellenburger limestone and dolomite 
rocks come to the surface. Within this 
belt there are more than 100 springs that 
have their sources in open joints of the 
white limestone ledges, and wells drilled 
200 to 600 feet in most places yield a 
plentiful supply. This country rock is 
generally 600 to 1800 feet thick and, al
though water may be found in it at any 
depth, there are certain zones, namely 
about 200 feet from the surface, where 
water occurs in greatest abundance. The 
average productivity of seventy· five wells 
in San Saba County measured by G. H. 
Shafer• was 5.37 gallons per minute. The 
largest was said to have yielded 450 gal· 
Ions per minute from a depth of only 15 
feet. 

The chemical composition of the water 
is not as good as that from the Hickory; 
it contains up to 600 parts per million of 
total solids and 15 to 18 parts per million 
of sulphates. Wells occur in the outcrop 
area, and at least two artesian wells have 
been developed along the Colorado River 
valley which might be used for irrigation. 
However, no use is made of the water for 
irrigation, except that from a few springs 
to irrigate pecan orchards and small 
gardens. Much more water is available 
from the Ellenburger reservoir in the out· 
crop area, and much more local utilization 
on a small scale for gardens, pecan groves, 
and fruit orchards is possible. Where the 
Ellenburger occurs in subsurface beneath 
overlying rocks, the water in it is in most 
places too highly mineralized for use. 

Travis Peak water sand.-The so-called 
"Trinity" sand of the Travis Peak for
mation at the base of the Lower Cretaceous 
is one of the best water-producing reser
voirs in the State. The "Trinity" water· 
producing area extends from the western 
border of the Cretaceous belt, known as 
the Western Cross Timbers in central 
Texas, eastward a distance of 50 to 100 
miles to Temple, Waco, and Fort Worth 
(Pl. XVII). Water from this sand is used 
in the cities of Belton, Gatesville, Waco, 
Cleburne and Fort Worth, and at North 
Camp Hood. It is the chief supply for the 

~fer. C. H., aod Georce, W. 0 .• Record• . o( wells and 
apriop. drillers' lop. and water ':naly1e1 10 San Saba 
CountJ : Texas Board of Water Engmeeu, 55 pp., August 
20, 1939. 

farms and ranches over a wide belt in 
central Texas. The wells produce from 50 
barrels per well per day to 200 gallons 
per minute and even in a few places up to 
600 gallons per minute. The yield of the 
wells depends to a large extent on the depth 
drilled into the sand and thickness of the 
sand. 

Commonly two separate producing lay· 
ers are present, each 50 to 100 feet thick, 
separated by 50 to 100 feet of dark-red 
clay. The lower sand is coarser, more 
porous, and generally yields the largest 
wells. Where completely penetrated in 
the large wells at Camp Hood, Gatesville, 
and Temple, the sand produces from 250 
to 600 gallons per minute. The upper 
sand, however, yields sufficient water for 
ordinary ranch use. The quality of the 
water is variable: chlorides range from 
about 30 to about 700 parts per million, 
bicarbonates from about 150 to about 500 
parts, and sulphates from about 30 to 500 
parts. Trinity water has made possible the 
establishment of many army camps and 
of small industries, and it will be utilized 
and valued still more as population in· 
creases through the future years. 

Edwards limestone.-Water from the 
Edwards limestone was one of the first 
natural water supplies discovered in 
Texas. Springs having their source in the 
limestone were used by the early Spanish 
settlers at San Antonio, by the early Ger· 
man settlers at San Marcos and New 
Braunfels, and by the English settlers at 
Del Rio and Brackettville. Without the 
springs and wells that draw from the lime· 
stone, these cities and some of the Nation's 
largest aviation and military camps, 
namely, Randolph Field, Brooks Field, 
Kelly Field and Fort Sam Houston, would 
not be in their present locations in Texas 
today. 

The Edwards limestone occurs over the 
Edwards Plateau in central and west 
Texas, north and west of the Balcones 
fault line. Good water is obtained in it 
beneath the surface in the Balcones fault 
zone and south of it along a belt 5 to 
20 miles wide extending from Austin to 
Uvalde. The Edwards is generally a very 
pure limestone consisting of more than 
91 per cent of calcium carbonate. Some 
layers are made up of minute spherical 
grains of limestone not unlike sand grains. 
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They are not firmly cemented and permit 
the seepage of water through them. The 
pure limestone dissolves in the bicarbon· 
ate water from the surface, pore spaces 
are enlarged, and cavities form, and soon 
many subsurface channels are developed 
so that water flows rapidly through the 
porous layers until the cavities are filled 
with water and a subsurface reservoir is 
developed. When the reservoir is filled, 
the water escapes again to the surface 
along fissures and cracks to produce large 
flowing springs exemplified by the beau
tiful springs at Austin, San Marcos, New 
Braunfels, San Antonio, and Del Rio. 

The springs are large and, according 
to the United States Geological Survey 
and Board of Water Engineers,4 the 
average total flow of those located along 
the fault line amounts to over 500,000,000 
gallons a day, enough to supply water 
for San Marcos, Guadalupe, and San 
Antonio rivers. This amount is said by 
W. N. White of the Federal Survey to 
represent approximately the available sup
ply of water along the fault zone of cen
tral Texas-enough to supply a large pop
ulation and numerous industries. One 
artesian well drilled in the Edwards lime
stone near San Antonio flowed at the rate 
of 25,000,000 gallons a day in 1942. Re
cently the United States Army has de
veloped large wells from the Edwards to 
supply army camps near San Marcos, San 
Antonio, Hondo, and Del Rio. 

The Edwards water, like all waters 
from limestone formations, is hard and 
needs to be softened by chemicals or by 
the zeolite process for public water sup· 
ply and some industrial uses. It is sati~
tory for irrigation. In fact, the water is 
now being used for irrigation around San 
Antonio and Uvalde and is proving to be 
one of the most important natural assets 
of central Texas. 

Woodbine water sand.-The Woodbine 
sand on the surface extends from Waco 
through Grandview and Arlington to Mc
Kinney and then swings eastward in a 
broad curve forming a broad belt which 
parallels Red River (Pl. XVII). The 
sand dips eastward and southward, so 
that the belt of territory 5 to 15 miles 
wide bordering the outcrop on the east 
and south is underlain by a porous and 

'Sundatrom and White, op. clL 

permeable water-bearing sand, which yields 
an excellent supply of water for the farms 
and towns in northeast Texas. 

The sand is 200 to 600 feet thick and 
in many places consists of two layers 
separated by clay and lignite. Because 
of the lignite, in some places, mineral
ized water may get into the wells unless 
the middle stratum is carefully cemented 
off. In general, the quality of the water 
is good at the outcrop but becomes min
eralized gradually as one progresses down 
dip away from the outcrop, and at a dis
tance of 5 to 15 miles to the southeast 
the water becomes salty and too highly 
mineralized to use. The great oil fields 
of Mexia, Powell, and East Texas are 
also located in this same sand, but in the 
oil fields the water is quite salty and 
unusable. 

Wilcox water sand.-The Wilcox W'ater 
sand extends in a broad belt across east, 
central, and south Texas, from Texarkana, 
through Malakoff, Teague, Rockdale, and 
Seguin to Luling. The formation consists 
of lenticular sands, sandy clays, and lig
nites. In fact, the Wilcox group of beds 
contains the great lignite reserves of the 
State. The waters are somewhat erratic 
in extent and quality. According to White, 
the best supply of w;ater occurs from 
Luling northward and usually is of fair 
quality. The water supply for Camp Swift 
near Bastrop comes from sands in the 
Wilcox where a yield of nearly 5,000,000 
gallons of water a day has been devel
oped. South of Luling the sand thins and 
some of the wells are highly mineralized 
and contain much hydrogen sulphide and 
sodium bicarbonate. In fact, in that part 
of the State the Wilcox formation is often 
referred to as the mineral water belt. In 
northeast Texas it is the most widespread 
water sand and will be more extensively 
developed in the future. 

Carrizo water sand.-The Carrizo sand 
area borders the Wilcox belt on the east 
and south and extends southward to the 
Rio Grande between Laredo and Eagle 
Pass (Pl. XVII). It ranges from a few 
feet to about 200 feet thick and consists 
of a coarse-grained, well-assorted, very 
permeable, and very porous uncemented 
water sand. Wells drilled east and south 
of its oucrop obtain excellent water, 
which is noted for its softness and low 
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mineral content. It is the main supply 
of numerous towns and small cities along 
its productive belt. Five wells supply the 
large paper mill at Lufkin with about 
5,000,000 gallons of excellent water daily. 
The wells usually yield from 200 gallons 
per minute to 1000 gallons per minute, 
and the water generally is soft and low 
in total dissolved solids. Altogether this 
is one of the finest and most extensive 
water sands in the State and is capable 
of much greater development. It is un· 
questionably a potential producer of many 
more excellent wells like those supply
ing Lufkin. 

The chief development in this sand up 
to the present time has been in the famous 
Winter Garden area of south Texas, cov
ering parts of five counties southwest of 
San Antonio (see map, Pl. XVII). In 
this region the sand is underlain by clays 
of upper Wilcox age and overlain by 
clays and marls of the Reklaw forma
tion, so that the water is confined, and, 
when penetrated, may yield an artesian 
flow (see section, fig. 72) . 

According to Paul S. Taylor• the first 
artesian well was brought in by S. D. 
Frazier of Carrizo Springs in 1884 and 
used to irrigate four acres. Irrigation did 
not begin on a permanent basis until 1900 
when twenty-five wells were reported to 
be flowing; gardeners began to move in 
rapidly, wells yielding 1400 gallons per 
minute were completed, and Carrizo 
Springs rejoiced in a bountiful supply of 
water. From 1900 on, the water was 
tapped for irrigation of spinach fields, 
Bermuda onions, tomato gardens, citrus 
groves, and other crops. The cost of irri
gation proved to be low, and more and 
more wells were put down, and finally in 
1929 about 30,000 acres of garden and 
orchard land was being irrigated with 
water coming largely from this sand, and 
extensive investments had been made in 
irrigation projects 

As a result of this development, the 
water levels in the wells declined, and 
as early as 1920 many of them ceased 
to flow. Pumping equipment had to be 
installed and costs of irrigation rose 
greatly. The water levels continued to 
decline and many of the farmers had to 

&Taylor, P. S .• Historical note on Dimmit County, TexH ; 
Southweetern Hist. Quart., Oct., 1950. 

abandon irrigation. As a result, exten
sive ground water studies were carried 
out by the United States Geological Sur
vey and the State Board of Water Engi
neers. The supply of underground water 
was estimated, and plans were laid out 
for more economic and more conservative 
utilization, more equal distribution, and 
less waste. Recommendations regarding 
well spacing were made, and the total 
amount of irrigation was reduced. At 
present the ratio of water withdrawn to 
the supply in the ground is more nearly 
balanced, there is less tendency for the 
water table to decline, much more eco
nomically stable conditions prevail, and 
farmers are able to irrigate between 30,-
000 and 40,000 acres without difficulty. 
In water supplies, as in business, it pays 
to make accurate estimates of reserves and 
plan development and usage to fit the 
supply. Underground water even in this 
finest of all water sands is not inexhaust
ible. 

Gulf Coast Tertiary water sands.-South 
and southeast of the Carrizo water belt 
at least four other good water-bearing 
formations occur : ( 1) the Queen City 
sand of east Texas, which extends over 
large areas in east Texas east of the Car
rizo sand outcrop; (2) the Sparta, which 
extends from Sabine River near Hemp
hill westward through Nacogdoches, 
Flynn, and Caldwell to San Antonio 
River south of Floresville; (3) the zones 
of the Lissie, Goliad, and Willis sands, 
which parallel the Gulf coast about 50 
miles from the Gulf of Mexico and fur
nish water for Houston and many smaller 
cities; and (4) finally, a good water sand 
in the base of the Beaumont clay. (See 
fig. 74.) 

Fortunately this highly populated region 
east of Houston has sufficient rainfall and 
surface waters so that the underground 
supply of water is not drawn upon to 
any extent for irrigation. However, the 
many industries of Houston use much 
water, and already indications of a low
ered water table in the immediate vicin
ity of the city point to an unbalance of 
supply and demand. As the city grows, 
another supply will need to be developed. 
The best solution will be a large reservoir 
on San Jacinto River and a canal to the 
coast country. Such a project, which has 
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already been planned and partly con
structed, will serve a twofold purpose: a 
storage of river water to help prevent 
floods and a dependable supply for the 
future industrial and irrigation use in the 
Gulf coast manufacturing region. 

West and southwest of Houston, in the 
Katy area in Harris, Waller, and Fort 
Bend counties, and in the Wharton area 
in Jackson and Matagorda counties, much 
rice is raised, and water from wells 
drilled into these coastal sands is used 
extensively for irrigation. In 1942, ac
cording to Texas Board of Water Engi
neers,° 30,000 acres were irrigated in the 
Katy area alone, and the acreage has in
creased materially since 1942. 

Tertiary and Recent High Plains water 
sands.-Nowhere is a good supply of 
water needed more than in the High 
Plains region of west Texas. Here is 
rich alluvial soil, numerous well-popu
lated towns, and extensive and rich oil 
developments, but inadequate rainfall in 
some years, with almost no streams or 
rivers to furnish a water supply for the 
parched earth and thirsty animals and 
people. Very fortunately shallow water 
can be obtained in sand and gravel of 
the Ogallala formation, which covers 
most of the High Plains region. It is 
estimated that the depth to water is less 
than 60 feet beneath about 1,100,000 acres 
in Bailey, Castro, Crosby, Deaf Smith, 
Floyd, Hale, Hockley, Lamb, Lubbock, 
and Swisher counties. Water occurs in 
sand and gravel and is used both to sup
ply the towns and for irrigation. 

The first irrigation wells were sunk in 
1911; by 1930 as many as 2500 acres 
were being irrigated from water wells. 
The drought of 1931 ruined crops that 
were not irrigated, and this experience 
led to a greatly increased use of under
ground water. In 1937 about 1150 wells 
irrigated about 160,000 acres. At present 
more than 3000 wells are irrigating over 
400,000 acres, as shown on the map 
(Pl. XVII). Cotton, potatoes, and feed 
are the chief crops. No doubt utilization 
of this fine supply of water will be ex
tended still more in the future. The im
portant steps in planning water usage are 
to measure the depth to the static water 

6Texas Board of Water Engineers, Progress Report. p. 40, 
Dec. 13, 1942. 
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level in the wells and to determine 
whether the water table is rising or de
clining. If it is persistent! y declining, it 
is important to organize the users of the 
water and set up regulations to conserve 
the supply. 

West Texas bolson water areas.-Many 
of the inter-mountain valleys in west 
Texas are filled with Pleistocene and Re
cent deposits of clay, silt, sand, and 
gravel to a depth of several hundred feet. 
According to Sayre and Lang,' the thick
ness of the bolson deposits north of El 
Paso reaches a maximum of nearly 4000 
feet. The gravel and sand are interbedded 
and exist as interfingering lenses. Rain
water flows off the mountain sides and 
ridge slopes and sinks into the gravel, 
filling up the porous material to within a 
few feet of the surface in some places. 
Thus, the area along the foot of the 
Franklin Mountains from Juarez to El 
Paso northward to the New Mexico line 
contains underground water of good 
quality and in large quantity. The water 
is free, and the yield of wells drilled into 
such deposits may be very large. 

Many wells have been drilled at El 
Paso to supply the city and the large 
army camp at Fort Bliss and, according 
to W. N. White, use a total of 20,000,000 
gallons per day. Some of the large-sized 
deep wells at Fort Bliss yield 800 to 1000 
gallons per minute and a few such wells 
supply the entire camp. A few years ago 
too heavy pumping in one of the city 
well fields caused some of the wells to 
become contaminated with salt water. 
This has led to a careful survey of the 
subsurface conditions by the United States 
Geological Survey and Texas Board of 
Water Engineers. Recommendations have 
been made leading to better distribution 
of the pumpage and to the establishment 
of a large treating plant to treat and use 
water from the Rio Grande to supplement 
the subsurface supply. 

The water in the bolson gravel deposits 
of the Toyah basin along the Pecos Val
ley near the City of Pecos and north of 
Pecos, on the other hand, is somewhat 
highly mineralized. Total solids reach a 
maximum of 2000 parts per million, and 
sulphates sixteen parts per million. The 

75ayre, A. N., Lang, J. W., and Dennis, P. E., The Peco! 
River joint investigation: National Resources Planning 
Board, 1942. 

water occurs at shallow depths and is suc
cessfully used for irrigation but is not sat
isfactory for public supply. Fortunately 
for the City of Pecos, a survey by the 
United States Geological Survey and State 
Board of Water Engineers located a good 
ground water supply in a Triassic sand
stone which outcrops on the east side of 
the Toyah basin and dips beneath the 
bolson deposits of the Pecos Valley. This 
sand yields a supply of excellent quality 
of water for Pecos. 

At Balmorhea, south of Pecos, there 
are large springs yielding up to 3,140,000 
gallons per minute of water per day from 
a porous Cretaceous limestone. These 
springs furnish an excellent supply of 
water for irrigating about 13,000 acres 
in the Balmorhea area where now three 
excellent crops of alfalfa, one of cotton, 
and carloads of honey-dew melons can be 
raised per year. This situation at Bal
morhea and Pecos compared with that at 
El Paso indicates clearly that all gravel
filled valleys in the west are not the same 
and that intelligent investigations and 
planning are needed in developing the 
water resources of west Texas, or, for that 
matter, those in any part of the State. 

THE QUESTION OF CHOOSING BETWEEN 
SURFACE WATER AND SUBSURFACE 

WATER SUPPLIES 

Many industries, towns, and camps, in
cluding military posts, prefer well water 
to water from streams. The supply is con
venient, generally cheaper, more constant, 
less subject to contamination, less likely to 
be affected by floods and droughts, and 
generally requires less filtering and treat
ment. However, large cities, large irriga
tion projects, and towns and communities 
located where ground water does not occur 
have to depend upon surface supplies. In 
most cases reservoirs are constructed on 
streams having adequate drainage area 
and suitable reservoir sites. Pipe lines are 
built to bring the water to the city. In 
this way Tulsa, Oklahoma; Dallas, Fort 
Worth, Wichita Falls, Austin, and many 
towns in north Texas derive a bountiful 
supply. Reservoir constructions serve five 
purposes: flood control, water for irriga
tion, power for hydroelectric plants, per
manent water supplies for towns and in
dustries, and recreational facilities. Reser-
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voirs deserve a high rating in laying out 
any plan for industrial and natural re· 
source development. 

RESERVOIRS ALREADY COMPLETED 

During the past decade fourteen major 
reservoirs have been constructed on Texas 
streams as well as many minor ones. 

The large ones are shown in figure 73 
and are listed in the table which follows. 

so that the capacity is insufficient. A series 
of dams well spaced and constructed at 
points where maximum storage capacity 
and minimum seepage will occur is needed 
to harness a river, control water ram· 
pages, and provide supplies for more 
irrigation. 

The State Board of Water Engineers, 
with this plan in mind, has selected a 
series of sites for dams along the principal 

IMPORTANT RESERVOIRS IN TEXAS 

Storage Uuge (Other 
Reservoir River County Capacity than Flood 

in Acre Feet Control) 

Red Bluff Pecos Loving 300,000 Irrigation and 
hydroelectric 

Nasworthy Concho Tom Green 200,000 Municipal water 
supply 

Medina Medina (Branch Medina 254,000 Irrigation 
of San Antonio) 

Brownwood Pecan Bayou Brown 141,800 Irrigation 
(Branch of 
Colorado) 

Buchanan Colorado Burnet and Llano 1,000,000 Hydroelectric 
Inks Colorado Llano 28,750 Hydroelectric 
Travis Colorado Travis 2,000,000 Hydroelectric 
Austin Colorado Travis l,500 Hydroelectric 
Morris Sheppard Brazos Young and Palo Pinto 757,000 Hydroelectric 

and irrigation 
Waco North Bosque McLennan 30,000 Water supply 
Kemp Wichita Baylor 444,000 Water supply 
Bridgeport Trinity Wise 290,000 Water supply 
Eagle Mountain Trinity Tarrant 210,000 Water supply 
Worth Trinity Tarrant 27,000 Water supply 
Dallas Trinity Denton 214,000 Water supply 
Denison Red River Cooke and Grayson 12,750,000 Hydroelectric 
Fort Phantom Elm Creek Jones 

Hill (Branch of 
Brazos) 

These fine reservoirs provide a total 
storage of more than 19,272,250 acre.feet 
of water, constitute a splendid first step 
in flood control, and in addition furnish 
water supplies for Texas cities, the power 
for seven hydroelectric plants, and irri
gation for thousands of acres of land. 

PROPOSED RESERVOIRS 

A single reservoir, no matter how large 
or how well located on a river, is not 
sufficient to prevent floods. Heavy rains 
may affect the lower reaches of a river 
and cause a flood below the dam. A heavy 
rain at the headwaters of a river may fall 
at a time when the reservoir is nearly full 

70,0QO Water supply 

water courses of the State. These loca· 
lions are shown on figure 73. They are 
located not only to furnish flood control 
but to be so distributed that they will be 
of maximum aid industrially, some for 
power production, others for irrigation, 
all for recreation. When these structures 
are finished, disastrous floods will be rare 
and many small industries will have 
sprung up in the vicinity of the man-made 
lakes where they can find electricity and 
ample water. The reservoirs are shown 
on the map (fig. 73) and discussed briefly 
below. 

Red River valley.-The Red River valley 
has been harnessed by the huge Denison 
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dam, impounding nearly 13,000,000 acre· 
feet of water, and by five other reservoirs, 
namely, Pauline, Kemp, Diversion, Wich· 
ita, and Paris, furnishing a total storage of 
771,000 acre-feet. Three other reservoirs 
are projected by the Board of Water 
Engineers, one in Foard County, one in 
Archer County, and one in Briscoe County. 
These together will provide an additional 
450,000 to 600,000 acre-feet of storage 
capacity. 

Trinity River valley.-The Trinity River 
valley has seven dams, Bridgeport, Eagle 
Mountain, Lake Worth, Lake Dallas, White 
Rock, Mountain Creek, and Elm Creek, 
having a total capacity of 803,000 acre· 
feet of water. Nine others have been 
projected. These will provide an addi
tional storage of 6,344,000 acre-feet aRd 
do much toward controlling one of the 
most important Texas streams where crop· 
devastating floods occur annually. 

Colorado River valley.-The Colorado 
River valley is fortunate in having six 
large reservoirs completed and eight 
others projected. The total capacity of 
the completed reservoirs is 3,253,200 acre
f eet and of the proposed reservoirs about 
2,000,000 acre-feet. Additional storage 
capacity is needed on the upper branches 
of the Colorado and in the main valley 
below Austin. 

Nueces and Rio Grande.-The south 
Texas rivers need reservoirs for reserve 
supplies of water for irrigation as much 
as for protection against floods. Reser
voirs in this region serve even to a greater 
extent than the other rivers this dual pur· 
pose, and, therefore, should be given 
special consideration in State-wide plan· 
ning. Six dams have been constructed on 
the Nueces which impound 395,645 acre· 
feet of water. Five others have been pro
posed on the Nueces and three on the Rio 
Grande that will furnish an additional 
12,462,290 acre-feet of water which will 
irrigate over 350,000 acres of crops in an 
area where water is most needed. The 
location of the reservoirs and proposed 
sites are shown on figure 73. Construc
tion of dams on the Rio Grande has been 
hindered in the past by the fact that it is 
an international stream and construction 
plans have to be shared between two coun· 
tries. At present, negotiations are under 

way with the Mexican Government toward 
a joint water-utilization agreement which 
will facilitate future development of in
ternational water. 

Brazos River valley.-The Brazos River 
valley is improved by Morris Sheppard 
dam impounding 757,000 acre-feet of 
water. In addition, there are other small 
reservoirs which hold a total of 200,000 
acre-feet. Altogether, this total is less than 
1,000,000 acre-feet, the several reservoirs 
afford limited flood control in the upper 
portion of the valley only, and do not 
control the disastrous floods which occur 
in the lower Brazos Valley. Accordingly, 
at least thirteen other dam sites have been 
surveyed and recommended, and at least 
one, the Whitney reservoir, located near 
Hillsboro, has been approved by the 
Federal Government for post-war con· 
struction. When all these proposed 
reservoirs are complete, the total addi
tional storage capacity will he about 
2,730,000 acre-feet, and the Brazos Valley 
will he one of the best controlled and most 
desirahl~ valleys in the State. 

IRRIGATION 

Large irrigation projects to make pro· 
ductive rich alluvial soils in regions west 
of the critical rainfall line have been ac· 
complished and planned. Most of these 
consist of a diversion of river water with
out building large storage reservoirs. 
One of the largest of these projects is on 
the lower Colorado where 85,000 acres of 
rice lands are irrigated. Another is in the 
Rio Grande Valley at Eagle Pass in 
Maverick . County where canals divert, 
when needed, 115,200 acre-feet of water 
to the farms and distribute the fluid over 
2400 acres of rich valley soil. About 
60,000 more irrigable acres are available 
and waiting for enterprising farmers. 
Another similar project has been com· 
pleted in the Lower Rio Grande Valley in 
Hidalgo and Cameron counties. Here 
423,000 acres are available for irrigation. 
Another large cotton acreage embracing 
27,000 acres in the Rio Grande Valley 
around El Paso is watered from the storage 
at Elephant Butte reservoir in New Mexico. 
The Red Bluff reservoir in Loving and 
Reeves counties, Texas, irrigates 100,000 
acres. 
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FUTURE DEVELOPMENT OF RESOURCES 

All these splendid irrigation projects 
are not now utilized to capacity because 
of lack of help in the fields, but as the 
war ceases and populations become re
adjusted these irrigated lands will make 
many bright spots in the Texas business 
map as more and more men and women 
turn back to the soil, the mother of all 
industry. Future needs of an increased 
population with more and more people 

in agriculture point definitely in the direc
tion of more and larger reservoirs, more 
irrigated acres, increased hydroelectric 
power, better living, superior recreation 
grounds, and happier people. Texas has 
much to be thankful for and much to be 
proud of. Her water resources and the 
way she has developed and is developing 
them is one of her greatest accomplish
ments and finest natural assets for a 
prosperous future. 



EARTH TEMPERATURES AND OIL FIELD WATERS OF NORTH. 
CENTRAL TEXAS1 

VIRGIL E. BARNES 

INTRODUCTION 

This paper presents the data obtained 
~hile the writer was making an investiga· 
lion of earth temperatures and oil field 
waters in north-central Texas during the 
year July 1, 1930, to June 30, 1931. Pre
liminary papers without the detailed data 
were published in April, 1932.2 Even 
though several years have elapsed since 
the work was completed, it seems advisable 
that the data should be recorded for the 
benefit of those who may carry on similar 
investigations in this area in the future 
and for the benefit of the petroleum 
engineers who, in attacking some of their 
many problems, may wish to know the 
temp~ratures that are to be expected at 
certam depths or the chemical composition 
of waters at various horizons. 
. T~e writer wishes to express his appre

ciation and thanks to the many oil com· 
panies who cooperated freely in furnishing 
wells for temperature measurements and 
in collecting water samples for analysis. 
Special acknowledgments are due Profes
sor F. B. Plummer, who directed the 
project; to Messrs. J. P. Bowen, Paul 
Applin, and Paul Weaver, members of the 
supervisory committee in Texas; and to 
Dr. E. H. Sellards, Director of the Bureau 
of Economic Geology, who provided lab
oratory and office space for the work. 

EARTH TEMPERATURES 

The area in which earth temperatures 
were measured is in north-central Texas 
over the Red River uplift and the northern 
end of the Bend arch. The Red River 
uplift extends east and west, south of Red 
River, in Wilbarger, Wichita, Clay, and 
Montague counties. The Permian surface 

1The American Petroleum Institute inaucurated some yean 
ago a research program, financed by donation• from John D. 
R~k.efell•.r and the Uninrsal Oil Products Company, in 
which various research problems connected with petroleum 
were undertaken. One project, the results of which are 
di1cu1ted in this paper, deaicnated American Petroleum 
Institute Project No . ~B. Part 3, wu limited to earth 
temperatures and oi.l field watera of Texu. 

IBamea, Virgil E., Earth temperaturea of north-central 
TexH: Bull. Amer. AMoc. Petr. Geol., vol. 16, pp. 413-
416, 1932. 

Barnee, Vir1il E., Oit · field watera of north-central Texae: 
Bull, Amer. ANoc. Petr. Ceol., Toi. 16, pp. 409-411, 1932. 

se?iment~ry rocks dip gently away from 
this uphft, and those of Pennsylvanian 
and pre-Pennsylvanian age below the sur
face dip more steeply with depth. Be
neath the Paleozoic rocks the pre-Cambrian 
complex composed of granite and various 
schistose and gneissic rocks has been pene
trated by several wells. The Bend arch 
is a low, broad, plunging anticline that 
extends from the Central Mineral region 
of Texas northward, terminating near the 
north Archer County line immediately 
south of the Red River uplift. 

The equipment used in measuring earth 
temperatures was the same as that pre
viously used by Hawtof3 and Sargent• 
with some modifications as suggested by 
McCutchin.5 The technique used in ob
taining correct temperature data was the 
same as that employed by Van Orstrand.6 

TEMPERATURE DATA 

Temperature measurements were made 
in 13 wells in Wichita County, 8 in Mon
tague County, and not more than 3 in any 
other county. The 33 wells in which 
temperatures were measured are listed in 
Table 1, and the temperature data ob
tained are given in Table 2. The data 
are graphically presented in figures 75 to 
79 inclusive. 

Wells in temperature equilibrium were 
scarce in this area, due either to escaping 
gas somewhere in the well or to recent 
production of fluids. Of the 33 wells 
tested, although care was taken in select· 
ing suitable wells, nearly 25 per cent were 
found to be out of temperature equi
librium. Wells 4, 5, 11, 13, 14, 15, 18, 
and 27 were out of equilibrium at the time 

lffawtof, E. M., Reeults of deep well temperature measure· 
~9~~~· in Tena: Amer. Petr. lnat., Prod. Bull. 205, p. 62, 

'Plummer, F. B., and Sargent, E. C., Underground waters 
and subsurface temperatures of the Woodbine aand in north· 
east Texas: Univ. Texas Bull . 3138, pp. 79-84, 1931. 

6McCutchin, J. A., Determination of geothermal gradients 
in oil 6elda located on ant ic linal structures in Oklahoma: 
Amer . . Petr. Inst., Prod. Bull. 205, p. 19, 1930. 

8Van Oretrand, C. E., Deacript ion of apparatus for the 
meaaur7ment of temperaturea in deep we1l1; also, some 
auggesttons in regards to the operation of the apparatus, and 
methoda of reduction and verification of the observations: 
Amer. Petr. Inst., Prod. Bull. 205, pp. 9-18, 1930. 
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of the temperature tests. The other wells 
were in temperature equilibrium, or nearly 
so, and are of value for earth temperature 
interpretations. 

A map showing the location of the wells 
in which temperatures were measured, 
some isothermal surfaces, and the pre· 
Mississippian surfaces as taken from 
Cheney' is shown in figure 80. In Cooke 
and Montague counties where the wells 
are shallow and the temperature gradient 
is low, the 75° F. isothermal surface is 
the deepest one that could be contoured. 
In Wichita County the temperature 
gradient is somewhat higher, and the wells 
are somewhat deeper, so that the 85° F. 
isothermal surface could be contoured. The 
area to the south of Wichita County was 
contoured on the 90° F. isothermal surface, 
and a portion of the area, mostly in 
Throckmorton, Shackelford, and Stephens 
counties, in which some deep wells were 
available was also contoured on the 160° 
F. isothermal surface, making an overlap· 
ping set of contours. The 90° F. iso
thermal surface in the area of super
imposed contours strikes from 45° to 90° 
to the strike of the pre-Mississippian 
surface, whereas the strike of the 160° F. 
isothermal surface is much more nearly 
parallel to the strike of the pre-Mississip
pian surface. 

Figure 81 is a cross section along the 
line A-A (fig. 80) showing some iso
thermal lines, the position of the pre
Mississippian surface, and the position of 
the Gunsight limestone of Upper Pennsyl
vanian age. The isothermal lines slope 
in the same direction as the dip of the 
sedimentary rocks and also in the same 
direction as the slope of the pre-Mississip· 
pian surface. 

In Cooke County 3 wells were tested by 
Hawtof,8 and 3 additional ones were tested 
by the writer. The 75° F. isothermal 
surface as determined from 5 of these 
wells dips steeply in a northeasterly 
direction and flanks a high of the pre· 
Mississippian surface. 

In the Nocona field of Montague County, 
temperatures were measured in 8 wells 
ranging from 800 to 1750 feet deep. A 
small amount of oil and salt water was 

'Cheney, M. C., Straticrapbic and •tructural 1tudie1 in 
north-central Tena: Uni•. Tena Boll. 2913, PJ. VII, 1929. 

•Hawtof, E. M., op. cir. 

being produced which disturbed somewhat 
the temperature equilibrium. A map of 
the area (fig. 82) shows contours on the 
"big lime," contours on the 75° F. iso
thermal surface, and the location of the 
wells in which temperatures were meas
ured. The isothermal surface dips pre
dominantly in the same direction as that 
of the surface of the "big lime," only 
steeper. In Wichita County, likewise, there 
is an area in which the 85° F. isothermal 
surface dips more steeply than do the near
surface rocks. 

EXPLANATION OF TEMPERATURE VARIATIONS 

The finding of isothermal surfaces that 
dip. more steeply than do the enclosing 
sedimentary rocks is significant in that it 
limits the possibilities advanced for the 
interpretation of the variation of geo
thermal gradients. For example, it has 
been suggested that during deformation 
of the sedimentary rocks the isothermal 
surfaces were also deformed and have not 
since come back to essentially a flat sur
face. If this were true, nowhere would 
the isothermal surfaces ever dip more 
steeply than the sediments with which 
they are associated. 

Hydrostatic head causes fluids to move 
along porous strata traversing synclines 
and anticlines, and, according to some 
authorities, heat enough is carried along 
to produce the irregularities found in 
isothermal surfaces. With this condition 
isothermal surfaces should dip less steep!; 
than the strata on the side of the anticline 
from which the fluids approach and could 
dip more steeply on the opposite side 
where the fluids are moving downward. 
As temperature measurements were ob
tained only on parts of the "structures" 
showing the steeply dipping surfaces, the 
entire condition cannot he depicted. How
ever, one of these steeply dipping iso
thermal surfaces is located on the north 
side and the other on the south side of a 
buried ridge. The migration of fluids in 
these two localities, if controlled by 
regional structure and topography, should 
he in almost the same direction, thus caus
ing the isothermal surfaces which dip more 
steeply than the strata to he on the same 
side of the buried ridges. This evidence, 
although not conclusive, supports the idea 
that migration of fluids is much too slow 
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Fig. 80. Map showing wells in which temperatures were measured, contours on the pre-Mississippian surface, and isothermal surfaces in 
north-central Texas. 
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LEGEND 
STRUCTURE CONTOURS ON 
THE '"BIG LIME:" CAFTER 
THE TEXAS COMPANY) 
CONTOURS ON 75° 
ISOTHERMAL SURFACE 
WELLS IN WHICH TEMP
ERATUR(S WERE MEASURED 
WELLS FROM WHICH 
WATERS WERE ANALYZED 

SC A LE 

L-j WMILE 

W-38 

Fig. 82. Map of Nocona field, Montague County, Texas, ·showing location of wells in which 
temperatures were measured, wells from which oil field waters were analyzed, the 75' F. isothermal 
surface, and contours on the "big lime." 

noticeably to alter temperature conditions 
over anticlinal structure. 

No field evidence is available to show, 
as has been suggested, that chemical re
actions cause variations in geothermal 
gradients. If the age of these sediments 
and the lack of marked deformation are 
considered, it seems that chemical equi
librium must have been reached long ago 
and heat thus created long since dissipated. 

Many varieties of rock differ in their 
capacity for the conduction of heat. lf 
two rock formations varying greatly in 
their ability to conduct heat were located 
side by side, undoubtedly isothermal sur
faces passing from one to the other would 
be warped. As pre-Cambrian rocks of this 
district are dense, they are probably better 

conductors of heat than the overlying 
porous sedimentary rocks. If this be true, 
areas in which the pre-Cambrian ap· 
proaches the surface, as in these buried 
ridges, afford a channel of better heat 
conduction; therefore, a higher gradient 
should be maintained in the overlying 
more poorly conducting sediments. 

The foregoing is a very brief statement 
of facts and supposition, but perhaps 
enough is given to justify the conclusion 
that temperature gradients, consequently 
isothermal surfaces, in north-central Texas 
are controlled by the proximity of the pre
Cambrian rocks to the surface. Uncon
formities probably also affect temperature 
gradients only inasmuch as they present 
angular relationships with better conduct-
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ing rocks beneath poorer conducting rocks, 
or under exceptional conditions the re
verse may he true. 

however, must be considered. Radioactive 
substances produce heat beneath the 
earth's surface and could, if unequally 
distributed, produce a condition in which 
the isothermal surfaces are warped, but 
it seems improbable that the distribution 
could be such that nearly all deformed 
isothermal surfaces would correspond 
with the structure of the rocks. Also, 
residual heat from geologically young 
igneous intrusions could produce iso
thermal surfaces that simulate the dip of 
the enclosing rocks. 

Summary.-The present study indicates 
that a feasible explanation for the varia
tion of geothermal gradients over anti
clinal structure is the difference in con
duction of heat by rocks. Migration of 
fluids, chemical reactions, and deformation 
of the isothermal surfaces at the time of 
folding with a lag in the recovery of 
temperature equilibrium seem to be of 
minor importance. Special conditions, 

WELL DATA 

Table I. List of wells in north-central Texas from which earth temperatures were obtained. 

No. 

1 
2 
3 
4 
5 

*6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

County Company Well 

Archer _________ Continental Oil Co ................... Wolf B-1 
Cooke ___________ Graytex Oil Co ......................... Riley 1 
Cooke _ ______ Griffin et al... .............................. Wheelock 1 
Cooke ___________ Lloyd Oil Corp ........ ---·--···· ······Wheelock 6 
Eastland _______ S. A. Hopkins et al... .............. Davis 1 
Harris ______ Gulf Production Co ............ - ... Taylor 23 
Haskell ----------- - Weart & Y ork ....... ---·····-·······---Colbert 1 
Montague ····-··-·__Arco Oil Co ................... ·-···-···--Salmon E-1 
Montague ___________ Continental Oil Co .................. Maddox B-4 
Montague ______ Continental Oil Co ................... Rowland B-3 
Montague __________ Continental Oil Co •.................. Rowland B-7 
Montague _________ Pure Oil Co ............................... Howard 2 
Montague _________ Pure Oil Co .................... - ........ Loy 2 
Montague -----··----···Pure Oil Co ............................ _.Maddox 6 

Taylor ___________ ___]. B. Jameison ........ _. ________ _____ Webb 1 

Oepth
temperature 

curves 

Throckmorton ________ Swenson Oil & Gas Co., Inc._ Swenson Land & Cattle Co. 1 Fig 77 

Montague ___________ Pure Oil Co ............................... Rowland B-4 } 

Wichita __________ Continental Oil Co ................... Cropper (East) 15 ········· · 
Wichita ___________ Fresno Oil Co ...... ______________ Ramming 3 
Wichita __________ Magnolia Petroleum Co. ______ .. Allen 78 
Wichita __________ Magnolia Petroleum Co •. _ .... Burnett Ranch Oil Co. 5 } 
Wichita - ---·- ------------·Magnolia Petroleum Co ........ - Honaker 37 
Wichita ________ Magnolia Petroleum Co ........... Maer & Staniforth 11 
Wichita _________ Magnolia Petroleum Co . ......... Phillips 1 . ....... Fig. 78 
Wichita __________ Magnolia Petroleum Co ..... _ .... Putnam 19¥.o 
Wichita ___ _______ Magnolia Petroleum Co .......... Putnam 42 
Wichita ________ Magnolia Petroleum Co . .......... Schmoker 39 
Wichita __________ Magnolia Petroleum Co ........... Waggoner B-2 } 
Wichita _ _____ --5heldon & Everts .... - ................ Volkart 2 
Wichita _ _____ Steadham & Thresher .............. Kemple 1 . 
Wilbarger ____ __Magnolia Petroleum Co ........... Sumner 39 -·- ... Fig. 79 
Young __________ .Stovall -------·--------···-·---Fee 13 
Tillman, Oklahoma .. _Burke Divide Oil Co. ____ ......... Guthrie lease 

014144 well 200 

•Thia well is not in north-central Texu but ia included in order to ha\·e the data on record. 
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Table 2. Earth temperature• data obtained from wells in north-central Texas. 

Well No.: 2 3 4 5 6 7 8 9 

Depth in 
feet Temperatures in degrees F. 

100 68.23 67.04 63.81 66.78 70.53 74.02 67.70 68.11 68.02 
250 69.60 68.17 65.97 66.98 73.52 77.04 71.o7 69.14 69.04 
500 72.20 71.32 68.72 69.99 77.54 81.67 74.97 70.52 71.70 
750 75.95 73.53 70.70 70.58 85.90 73.35 74.42 

1000 80.10 75.14 72.78 72.75 86.77 89.67 81.83 75.97 
1250 83.23 77.12 74.75 74.29 78.82 
1500 79.14 96.64 97.54 89.98 80.89 
1704 83.77 
2000 105.80 105.07 98.43 
2500 114.84 112.63 107.71 
3000 125.80 120.36 116.68 
3500 138.19 128.32 126.47 
4000 147.97 137.35 
4500 152.31 
5000 157.15 
5500 163.25 

'Notes on location and oondition o( wells follow the temperature data. 

Table 2, continued. 

Well No.: 10 11 12 13 14 15 16 17 

Depth in 
feet Temperatures in degrees F. 

100 65.87 67.08 66.03 66.12 66.57 66.21 68.99 66.26 
250 66.37 69.09 67.07 68.08 69.04 66.31 72.97 69.83 
500 69.04 69.60 69.83 71.60 69.05 77.17 73.30 
550 71.25 
750 71.60 73.12 71.32 77.27 
900 73.21 
912 76.10 

1000 74.11 75.43 75.30 85.19 80.34 
1250 84.12 
1400 78.90 
1500 91.37 87.80 
2000 98.98 95.77 
2500 108.49 103.62 
3000 115.60 111.24 
3500 124.57 121.30 
4000 133.17 127.48 
4480 133.85 
4500 143.12 
4980 143.60 
5000 153.01 
5480 149.98 
5500 156.70 
5955 160.21 
6000 165.90 
6250 172.53 
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Table 2, continued. 

Well No.: 18 19 20 21 22 23 24 25 

Depth in 
feet Temperatures in degrees F. 

74 68.70 
100 65.04 67.95 68.66 68.11 67.85 65.91 
250 66.51 68.08 69.15 70.09 69.29 69.09 67.16 
500 71.40 70.97 73.08 73.65 73.18 72.13 71.33 
750 75.12 77.31 77.04 75.36 74.95 

1000 78.11 81.24 79.16 80.97 78.15 77.83 
1250 82.17 85.10 84.17 80.94 
1350 81.98 
1500 85.23 89.11 84.43 87.35 83.37 
1700 87.55 87.22 
1730 90.68 
1750 86.04 91.84 

Table 2, continued. 

Well No.: 26 27 28 29 30 31 32 33 

Depth in 
feet Temperatures in degrees F. 

100 67.31 65.98 67.15 66.40 68.18 67.81 68.73 63.51 
175 66.31 
250 69.09 68.01 68.68 69.14 68.94 69.12 71.60 65.18 
340 69.03 
500 73.11 72.48 73.28 71.80 72.91 74.59 69.81 
750 77.24 76.03 76.46 76.44 
843 74.94 
972 76.95 

1000 80.67 80.49 80.23 84.20 
1250 83.88 81.88 83.93 83.26 
1489 88.10 
1500 85.10 87.43 86.72 93.04 
1695 87.86 
1750 90.20 89.24 
1850 87.76 
1900 93.08 
2000 
2500 
3000 
3500 

NOTES ON WELLS 

I. Continental Oil Company No. B-1 Wolf, 
Southern Pacific Railroad Company survey A-415, 
Archer County. A producing well that had been 
shut down for several days in order to clean it 
out. Thirty sticks of dynamite were exploded 
at the bottom of the hole immediately before 
the temperature test was started. No gas was 
detected and there was no fluid in the hole. The 
casing extends to near the bottom of the hole. 

2. Graytex Oil Company No. 1 Riley, E. Lin· 
sey survey, Cooke County. This well, drilled by 
rotary method, was completed three weeks be· 
fore temperatures were measured. After comple· 
tion the well was swabbed for a period of sev· 
era! hours every other day. The fluid level was 
1300 feet below the surface at the time of the 
test; total depth of hole is 1573 feet. The 6%· 
inch casing is set at 1510 feet and elevation of 
well is 622 feet. 

102.58 
110.85 
119.15 
130.27 

3. Griffin et al. No. l Wheelock, Wm. Teal 
survey, Cooke County. At the time the tempera· 
ture measurements were taken this well had been 
idle for many months. Casing was reported to 
extend to near the bottom of the well. No gas 
was detected and the fluid level stood 751 feet 
below the surface. Total depth about 1300 feet. 

4. Lloyd Oil Corporation No. 6 Wheelock, J. 
C. Underwood survey, Cooke County. This well 
had been idle several months before the temper
ature measurements were made. Gas was not de· 
tected and the fluid level stood about 1074 feet 
below the surface. Casing was reported to ex· 
tend nearly to the bottom of the hole, which is 
about 1330 feet in depth. 

5. S. A. Hopkins et al. No. 1 Davis, H. & T. 
C. RR. Company survey, block 4, section 54, 
Eastland County. This well was being drilled 
by standard method and had been idle about 15 
days at the time the temperature test was made. 
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A small amount of gas was escaping from between 
the casings, throwing the well out of tempera
ture equilibrium. The bottom hole temperature 
was taken in pre-Cambrian rocks and is prob
ably correct. The fluid level stood 155 feet be
low the surface. Total depth of the well at this 
time was 5643 feet; elevation 14-09 feet. 

6. Gulf Production Company No. 23 Taylor, 
Harris County. At the time of the temperature 
test this well had been idle for 3 months. Gas 
was not detected and the fluid level stood 220 
feet below the surface. The 6-inch casing ex
tends nearly to the bottom of the hole. 

7. Weart & York No. 1 Colbert, Seymour Bots
ford survey, Haskell County. This well was be
ing drilled by standard method and had been 
idle for several weeks at the time of the temper
ature test. Gas was not detected and the fluid 
level stood 330 feet below the surface. The 6-
inch casing was set at depth of 3190 feet. Total 
depth of the hole at the time of the temperature 
test was 4031 feet. 

8- Arco Oil Company No. E-1 M. H. Salmon, 
Robertson survey, Montague County. This well 
was producing approximately 100 barrels of fluid 
per day three days before the temperature test 
was made, but at the time of the test an effort 
was being made to plug back with lead wool to 
shut off water. A very slight show of gas was 
detected, and the fluid level stood 197 feet below 
the surface. Casing extends to near the bottom 
of the hole. 

9. Continental Oil Company No. B-4 Mad
dox. Thompson survey, Montague County. This 
well was tested the same day the sucker rods 
were removed to repair the cups. No gas was 
detected, and the fluid level in the tubing stood 
150 feet below the surface. 

10. Continental Oil Company No. B-3 Row
land, Votaw survey, Montague County. The rods 
were removed the night before the temperature 
test was made. This well normally produced 
several barrels of fluid per day. Gas was not 
detected, and the fluid level stood below the low
est level at which a temperature was taken. 

II. Continental Oil Company No. B-7 Row
land, Chambliss survey, Montague County. The 
production from this well had fallen to such a 
point that it was necessary to clean it out, and 
the temperature test was made during that time. 
No gas was detected, but the readings were very 
erratic. The fluid level was near the bottom of 
the hole. 

12. Pure Oil Company No. 2 Howard. Cham
bliss survey, Montague County. This well . a pro
ducer, had the rods removed the day before the 
temperature test was made. Gas was not de
tected. and the fluid level stood in the tubin g 
at a deoth of 85 feet below the surface. 

13. Pure Oil Company No. 2 Loy, Donoho 
survey, Monta "ne County. The rod~ were re
moved from this well immediately before the 
temperature test was started. Some R:as was 
escaping from between the casing and tubing, 
and the readings obtained were practic~llv value
less. The fluid level stood in the tubin g at a 
depth of 90 feet below the surface. 

14. Pure Oil Company No. 6 Maddox. Arnold 
snrvev. Montague County. The temperature test 
":"' r.ade immediately after the rods had been 

removed from the hole. No gas was detected, 
but the readings obtained do not agree closely. 
The fluid level stood in the tubing within 85 feet 
of the surface. 

15. Pure Oil Company No. B-4 Rowland, Votaw 
survey, Montague County. The temperature test 
was started immediately after the rods were re
moved from the hole. Gas was not detected, and 
the fluid level stood in the tubing within 115 
feet of the surface. These readings are irregular 
and are of little value. 

16. J . B. Jameison No. I Webb, Lunatic Asy
lum Lands, section 4-0, Taylor County. This well 
was being drilled by standard method in a 3-inch 
casing, and immediately before the temperature 
test the bailer was run seven times, which bailed 
the hole dry. Temperature readings below 2500 
feet were obtained by running the thermometers 
at the bottom of the bailer. The bottom temper
ature obtained is in pre-Cambrian schist. Gas 
was not detected. Total depth on March 2, 1931, 
was 6294 feet. The 3-inch casing was set at 6235 
feet; elevation is 1905 feet. 

17. Swenson Oil & Gas Company, Inc., No. 1 
Swenson Land & Cattle Company, B. B. B. & C. 
RR. Comoany survey, section 173, Throckmorton 
County. This well was completed by standard 
method 12 days previous to the temperature test. 
At the start of the test the fluid level stood at 
1600 feet, and the well filled at the rate of 10 
feet per hour. Gas was not detected. The 5 
3/16-inch casing was set at 5920 feet, total depth 
is 5981 feet, and elevation is 1504 feet. 

18. Continental Oil Company No. 15 M. P. 
Cropper <East), C. Winters survey. Wichita 
County. Cleaning out of this well had been in 
progress for two weeks at the time of the tem
perature test. Gas was not detected . 

19. Fresno Oil Company No. 3 Ramming, T. 
Halles survey A-691, Wichita County. This well. 
which normally is a producer, was being cleaned 
out at the time of the temperature test. This 
field is on a slight vacuum, and some air en· 
tered the hole during the test. 

20. Magnolia Petroleum Companv No. 78 
Allen, Waggoner Colony subdivision, block 225. 
Wichita County. The rods had been removed 
from this hole only about an hour before the 
temperature test was started. Gas was not de
tected, and the fluid in the tubing stood 215 
feet below the surface. The 6%-inch casing was 
set at 1784 feet . 

21. Mae:nolia Petroleum Comnanv No. 5 Bur
nett Ranch Oil Company, G. R. Meade survey. 
Wichita County. The rods had been removed 
from this producing well immediately before the 
temperature test was started. Gas was not de
t~cted. and the fluid level in the tubine: stood 
205 feet below the surface. The 5 3/16-inch 
casing was set at 1807 feet. 

22. Maimolia Petroleum Company No. 37 
Honaker. Southern Par.ific Railroad Company 
survey A-665, Wichita County. The rods in this 
well were removed immediately before the tem
nerature test was started. Gas w~s not detected 
in this well, and the fluid level stood in the 
1nbin" 200 feet below the surfac"' of the ground. 
The 65k.inch ca•ing was set at 1510 feet. 

23. Magnolia PetrolP.""n Compa'lv No. 11 Maer 
& Staniforth, H. B. Balch survey, Wichita County. 
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The rods were removed from this well imme
diately before the temperature test was started. 
Gas was not detected, and the fluid stood in 
the tubing at a depth of 200 feet below the sur
face. The 6%-inch casing was set at 1741 feet, 
and the total depth of the well is 1765 feet. 

24. Magnolia Petroleum Company No. 1 Phil
lips, Wichita County (edge of Burkburnett}_ 
The pumping equipment had been dismantled 
in this well several weeks before the tempera
ture test was made. This field is under 27 inches 
of vacuum, and during lowering and raising of 
thermometers, air entered the hole, which affected 
the readings slightly. 

25. Magnolia Petroleum Company No. 1916 
Putnam, H. & G. N. RR. Company survey, Wich
ita County. This well had not been producing 
for a long period of time. The purpose of this 
shallow temperature test was to see if oil re
tains an excess of heat over that which would 
normally be found at this depth. Gas was not 
detected; total depth of hole is 85 feet. 

26. Magnolia Petroleum Company No. 42 Put
nam, H. & G. N. RR. Company survey, Wichita 
County. This well was abandoned several years 
previous to the temperature test. A small amount 
of gas was escaping from the well, and the fluid 
level stood at 1465 feet below the surface. The 
6%-inch casing was set at 1470 feet; total depth 
is 1490 feet. 

27. Magnolia Petroleum Company No. 39 
Schmoker, Red River Valley Lands subdivision, 
block 23, Wichita County. This well was aban
doned and pumped full of mud. It was hoped 
that from one-half to two-thirds of the well 
could be tested, but only a depth of 3-W feet 
was obtainable. 

28. Magnolia Petroleum Company No. B-2 
Waggoner, H. T. & B. RR. Company survey, 
Wichita County. The rods were removed from 
the hole immediately before the temperature test 
was started. Gas was not detected, and the fluid 
level in the casing stood 255 feet below the 
surface. The 6%-inch casing was set at a depth 
of 1685 feet. 

29. Sheldon & Everts No. 2 Volkart, Waggoner 
Colony subdivision, section 309, Wichita County. 
This well which normally produced about 100 
barrels of fluid had not produced since the 
prev.ious day. Some gas was being taken from 
between the tubing and casing, and the fluid 
level stood in the tubing 230 feet below the 
surface. A dirty spot in the tubing at a depth 
of 500 feet caused the thermometers to be jarred, 
producing irregular readings below that depth. 

30. Steadham & Thresher No. 1 Kemple, Wag
goner Colony subdivision, section 242, Wichita 
County. This well had been drilled by standard 
method and temporarily abandoned with mud in 
the hole and no casing. Gas was not detected. 

31. Magnolia Petroleum Company No. 39 Sum
ner, H. & T. C. RR. Company survey, block 13, 
Wilbarger County. This well normally produced 
6 barrels of fluid per day, and the rods were 
removed immediately before the temperature test 
was started. A small amount of gas was escap
ing from between the tubing and the casing, 
and the fluid level stood in the tubing 195 feet 
below the surface. The 6%-inch casing was set 
at 1857 feet; total depth 1872 feet. 

32. Stovall No. 13 Fee, Young County (South 
Bend pool). This well, drilled by standard 
method, was discontinued just before entering 
the oil sand and allowed to stand. The well had 
been idle 17 days at the time of the tempera
ture test. A small amount of gas was detected 
escaping from the well, and the fluid level stood 
at a depth of 2060 feet below the surface. The 
total depth of the well at the time of the tem
perature test was 3863 feet, and the 8-inch cas
ing extended to near the bottom of the hole. 

33. Burke Divide Oil Company No. 200 
Guthrie lease 014144, Tillman County, Oklahoma. 
This well, originally used as an injection well 
for repressuring, had been idle and capped for 
several months. Some gas escaped from the well 
during the temperature test. The tubing which 
was still in the well was d.irty, and a depth of 
only 972 feet could be reached with the ther
mometers. 

OIL FIELD WATERS 

The area from which waters were col
lected is in north-central Texas, over the 
Red River uplift and the northern end 
of the Bend arch. The Gose oil-producing 
horizon, situated directly beneath the Gun
sight limestone and occupying nearly 80 
feet of the Graham formation of the Cisco 
group of Upper Pennsylvanian age, is the 
most important water-bearing formation 
investigated. This horizon was chosen 
because of its regional extent and because 
it is penetrated by many wells. It crops 
out in the area examined as a sinuous band 
extending from the vicinity of South Bend, 
Young County, northeastward into Jack 
County. Beneath the surface it dips in a 
northwesterly direction, extending through 
the north half of Young County, all of 
Archer County, much of Wichita County, 
and into the adjoining counties on the 
east and west. This general dip is inter
rupted by an anticline over the Red River 
uplift which extends east and west through 
Wichita and Wilbarger counties. Several 
water samples were collected above the 
Gose horizon and from adjoining areas so 
that comparisons could be made. 

The system of analysis followed is in 
general that outlined by Reistle and Lane.9 

The radicals estimated are calcium, mag
nesium, hydroxide, carbonate, bicarbonate, 
sulphate, and chloride. Sodium was not 
determined directly but was calculated, as 
is usually done in the analysis of oil field 
waters. 

9Reistle, C. E., Jr., and Lane, E. C., A system of analysis 
for oil fi eld waters: U. S. Bur. Mines Tech. Paper 432, H 
pp .• 1928. 
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ANALYSES 

Altogether 203 analyses are recorded, 
of which 125 are complete. Twenty-eight 
analyses lack the magnesium determina
tion, and 50 were made of chloride only. 
A resume of the analytical work by coun
ties and by geological horizons is given in 
Table 3. The complete and nearly com
plete analyses are contained in Tables 4 
and 6 to 9 inclusive. The analyses of 
waters in which chlorides only were de
termined are contained in Table 5. Table 
10 is an index of wells for which waters 
were analysed, and Table 11 is an index 
of analyses by counties. The analyses are 
stated in milligrams per liter (Mg/ L), as 
reacting values (R.V.), and reacting value 
percentages (R.V. % ) . Reacting values, 
first used by Palmer'" for the clear pres· 
entation of water analyses data, have be
come a standard method of stating water 
analyses. 

Figure 83 is a map showing isochloride 
contours for the water found in the Gose 
horizon (Table 4), contours on the Gun· 
sight limestone in Archer and Young 
counties, the outcrop of the Gunsight lime
stone in Young County, and contours on 
the pre-Mississippian surface in Wichita 
and Wilbarger counties. The water in the 
Gose horizon in a belt extending from the 
outcrop down dip and 10 to 20 miles in 
width ranges from fresh to slightly saline, 
is low in total solids, and much of the 
water is potable. Near the center of 
Young County the salinity rises rapidly 
to 60,000 milligrams per liter in chlorides 
alone, and from here to just south of 
Electra the increase is more gradual until 
over 130,000 milligrams per liter of 
chloride is present. Northward in Wichita 
County the chloride content decreases. 
Calcium, magnesium, sodium, or total 
solids could he used for contouring, and 
practically the same shape and spacing 
of contour~ would he obtained. Chloride 
is used because it constitutes practically 
all of the negative radical in the samples. 

The most highly saline waters analysed 
are located south of Electra and are more 
than 6 times as concentrated as present· 
day ocean water. Several analyses of 
water from above the Gose horizon are 
somewhat less concentrated than the 

lCIPal mer, Chase, The geochemical interpretation of water 
anal yses : U. S. Geol. Survey Bull . 479, 31 pp .• 1911. 

waters in the Gose horizon immediately 
beneath them. 

In two areas, the South Turbeville pool 
and the Harmel and associated pools, all 
available waters were analysed for chlo
rides, and isochloride contours were placed 
on maps of the fields (figs. 84 and 85), 
which also show contours on the Gunsight 
limestone. The waters mos ti y vary slightly 
in chloride content, and there is very little 
if any correlation with structure. The 
chief value of these analyses is from the 
engineering standpoint. In both fields, 
areas are present in which the chloride 
content is much lower than in the normal 
Gose waters. Within these areas the wells 
are producing more water than is normal 
from the Gose in the rest of the field. 
Faulty casings are allowing water from an 
upper sand to penetrate and flood the pro
ducing sand. The analytical results in· 
dicate that The Texas Company No. 7 
Turbeville is responsible for the flooding 
in the South Turbeville pool and that Fain
McGaha No. B-3 Harmel is responsible 
for the flooding in the Harmel pool. Flood· 
ing in these fields is detrimental in that the 
amount of oil recovered is lowered, a 
large amount of fluid must be raised to 
obtain a small amount of oil, and the 
excess salt water creates a problem of its 
disposal. Knowing the normal chloride 
content for the Gose area should help 
petroleum engineers to locate wells that 
are leaking by simply determining chlo· 
rides from the various wells and compar· 
ing with the normal. The well having the 
lowest chloride content should be sus
pected. 

Twenty-eight waters were collected from 
the main Wilbarger County producing 
areas, and the Phillips Petroleum Com· 
pany furnished seven additional analyses 
(Table 5) . Numbers 115, 116, and 117 
are from depths of 940, 1350, and 1410 
feet respectively and are somewhat less 
heavily charged by minerals than those 
from the next lower sand, the "Dyson" 
which is represented by analyses No. 103, 
104, 124, and 127. Analyses No. 114, 118, 
and 119 are from unnamed sands between 
the Dyson and the Noble limestone and are 
less heavily charged by minerals than the 
Dyson waters. Analysis No. 107 sup· 
posedly from waters of the Noble lime· 
stone and the Milham sand is so similar 
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to Dyson water that it is thought a leak
ing casing is allowing Dyson waters to 
enter the well. Analyses No. 101, 108, 
and 121 are of waters from the Milham 
sand; Nos. 100 and 102 are of waters from 
both the Milham and the Sloan; and Nos. 
98, 123, and 125 are of waters from the 
Sloan. These waters vary in composition 
over a slight range and do not vary uni
formly. Analyses No. 99, 113, 123, 128, 
129, 130, and 131 are supposedly from the 
Landreth limestone and are rather uni
form in total mineral content but are 
divisible into two groups based on the 
amount of magnesium present. Analyses 
No. 128, 130, and 131 are high in mag
nesium and probably represent true Lan
dreth waters, whereas the rest correspond 
closely to Milham waters. 

Nine samples from the South Vernon 
field were analysed (Table 6). Analysis 
No. 105 is of a shallow water. Analyses 
No. 96, 106, 109, and 111 are of waters 
from the Dyson, all of which seem to be 
contaminated; analyses No. 94, 95, and 
97 are of waters from about 250 feet he· 
low the Dyson; and analysis No. 112 is 
of a Milham water. 

The analyses of waters from the Nocona 
field, Montague County (Table 7), indi
cate that an intermingling of waters has 
taken place and that analytical work in 
this field is largely wasted effort. 

Nine analyses were made of oil field 
waters from widely separated areas and 
from rocks varying widely in age (Table 
8). These analyses are not pertinent 
to the main problem and are included 
merely as a matter of record. Two of 
these analyses are of waters from ser
pentine, one from Caldwell County and one 
from Travis County. Both waters are low 
in total solids, about half that of present· 
day ocean water, and are extremely low 
in magnesium. Four waters were analyzed 
from Pennsylvanian rocks ranging in age 
from Cisco to Marble Falls. These waters 
range from nearly 3 to nearly 5 times as 
concentrated as ocean water and vary 
widely in their calcium content. Two 
Ordovician Ellenburger waters analysed 
range from 2 to 3 times as concentrated 
as ocean water, and one Cambrian water 
analysed is slightly more concentrated 
than the most saline Ellenburger water. 

The analyses from Palo Pinto County 
(Table 9), except for analysis No. 65, 
are not of oil field waters and were made 
at the request of F. B. Plummer, director 
of the project. Several of these analyses 
are incorporated in a paper by Plummer 
and Hornberger.U 

MANNER OF CONCENTRATION 

It is not the purpose of this paper to 
go into a lengthy discussion of the theories 
suggested to explain highly concentrated 
oil field waters. Russel112 has adequately 
shown that some of the widely accepted 
methods of concentration are inadequate 
and that others only under very special
ized conditions could possibly be opera
tive. Many of the suggested concentrat
ing forces appear to be based on an in
sufficient understanding of the method he· 
ing discussed. None of them are appli
cable in explaining the high concentra· 
tion of the north-central Texas brines. 

Diagrams have been prepared compar
ing some of the brines with ocean water. 
Figure 86-A is a comparison of the chem· 
ical composition of sample No. 105 with 
that of ocean water. The chemical com· 
position of the ocean water is repre
sented by rectangles, the heights of which 
represent, in reacting value percentages, 
the constituents present. For comparison 
the constituents in sample No. 105 are 
represented by areas using the same 
height of rectangle as used to represei;t 
the constituents in ocean water. In this 
manner rectangles of varying length are 
obtained. Shaded rectangles which extend 
to the right of the vertical line a-a' rep· 
resent constituents which are contained in 
greater proportion than in ocean water, 
and shaded areas to the left of the verti
cal line a-a' represent constituents which 
are contained in less proportion than in 
ocean water. 

llPJummer, F. B., and Hornberger, Joseph, Jr., Geology 
of Palo Pinto County, Texas: Univ. Texas Bull. 3534, 1935. 

Analyses No. 55, 57, 66, 67 of Table 4 of this present 
paper are given on p. 165; Nos. 51, 53, 69 are given on p. 
178; Nos. 52, 58, 59, 61 , 62, 64 on p. 180; and Nos. 55, 
57 60 66, 61, and 71 on p. 182. Through some error the 
an~lys~s on p. 165 are given with a determination for iron 
cited which was not determined by Barnes. These analyses, 
however, are repeated correctly on p. 182. Other errors 
introduced are: p. 165, Anal . 55, Na given as 117 should be 
177; p. 182, Anal. 71, Ca given as 224 should be 244 and 
Na given as 434 ehould be 433. 

12Russell , W. L. , Subsurface concentration of chloride 
brines: Bull . Amer. Assoc. Petr. Geol., vol. 17, pp. 1213-
1228, 1933. 
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Fig. 86. Comparison of the composition of ocean 
water with the composition of the most concentrated 
oil field water analyzed (analysis No. 105) and with 
the water from the Keona well (U.S. Geo!. Survey 
Water-Supply Paper 317, p. 54) . The ocean' water 
constituents are represented by rectangular areas 
bounded by solid lines. Shaded rectan~les to the 
right of the ocean area, vertical line a-a , represent 
excess constituents as compared to ocean water, and 
shaded rectangles to the left of the vertical line a-a' 
represent deficient constituents as compared to ocean 
water. 

Calcium in sample No. 105 is propor
tionately about 3.8 times as abundant as 
in ocean water, and chloride is slightly 
more abundant than in ocean water. 
Magnesium is proportionately less than 
half as abundant, sodium plus potassium 
slightly less abundant, bicarbonate absent, 
and sulphates practically absent. 

In most water analyses, all of the posi· 
tive radicals except calcium and mag· 
nesium are calculated as sodium, which 
conceals any potassium which may be 
present. Determination of potassium, at 
least on representative samples, is desir
able as an aid to interpreting the his· 
tory of the waters. One analysis of water 
from the Keona well in Wichita County 
giving a value for potassium is contained 
in U.S. Geological Survey Water-Supply 

Paper 317, page 54. This water contains 
only 48,726 milligrams per liter of total 
solids, and the location of the well in the 
county is not given. Since this is the 
only water analysis containing an estimate 
for potassium available in the area, it is 
compared with ocean water, figure 86-B. 
Calcium is proportionately 1% times as 
abundant as in ocean water, and sodium 
and chloride are somewhat more abund
ant. Magnesium and sulphate are only 
1/ 5 as abundant, and potassium is only 
1/ 10 as abundant as in ocean water. 

If any of the suggested methods of con· 
centration of oil field waters from ocean 
waters--such as evaporation by gas, evap· 
oration beneath former surfaces, concen
tration by hydration, and possibly con· 
centration by osmosis-were responsible 
for the concentrated oil field waters of 
the area, then the diagram representing 
oil field waters should coincide with 
that for ocean water except for constit· 
uents that are precipitated as the waters 
become more concentrated. Any other 
lack of coincidence would have to be ex· 
plained by transfer of selected constitu
ents. Some constituents would have to be 
transferred from the watet to the min· 
erals composing the sediments, and others 
would have to be transferred from the 
minerals of the sediments to the water. 
Significant transfers of this type are un
likely to occur in a balanced system such 
as should be present where the minerals 
and the ocean water have been long in 
contact. Additional concentration of the 
water, within limits, does not change the 
proportion of the constituents of the 
water and consequently should. not change 
the balance of the system. With an un
balanced system certain transfers are pos
sible, as pointed out later. 

If the concentrated brines of this area 
are ocean waters changed in situ, then a 
relative loss of magnesium must he ac
counted for. Dolomitization of limestone 
might be postulated to explain it, espe· 
cially since there is an excess of calcium 
in the waters. Some of the areas, how· 
ever, in which the most concentrated 
brines are found are relatively free of 
limestones and dolomites. The great defi
ciency of potassium indicated by the 
analysis of the water from the Keona well 
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is hardly compatible with an altered 
ocean water. Potassium and sodium are 
chemically similar, with potassium salts 
in general being somewhat more soluble. 
The proportion of sodium and potassium 
should remain about the same. 

If these waters were originally strong 
solutions of sodium chloride which have 
traveled many miles through and hun· 
dreds of feet across beds, their present 
composition might more easily be ex
plained. The potassium content would be 
low from the start and would remain low 
for lack of a source of potassium. The 
calcium and magnesium gained can be 
explained by base exchange. The mass 
action exerted by sodium in replacing 
calcium and magnesium is well known. 
In a common type of water-softening 
apparatus, rejuvenation of the base ex
cnange mineral is accomplished by treat· 
ment with a strong sodium chloride solu· 
tion. Clay minerals having replaceable 
calcium and magnesium in their structure 
might easily furnish the amounts of these 
radicals found in the waters analysed. 

AB previously pointed out,13 many of 
the strata containing these extremely con· 
centrated waters are high! y fossiliierous, 
and many of the fossils preserved in 
them are bottom living forms, which 
could not have lived in water much dif· 
ferent in concentration than that of 
present-day ocean water. Therefore, the 
water in these beds now is different than 
the original water incorporated with the 
beds. 

The most concentrated water analysed 
is sample No. 105 from the Sout~ Ve~
non field, Wilbarger County, which is 
roughly 6.6 times as concentrated as 
ocean water. It contained 232,052 milli
grams per liter of solids. The most con
centrated water of the Electra district, 
Wichita County, contains 216,204 milli
grams per liter of solids, and the most 
concentrated water from the Nocona 
field, Montague County, contains 197,656 
milligrams per liter of solids. The con
centration falls from west to east along 

11Bame1. V. E.. OH-field waten of north·central TuH : 
Bull. Amer. Auoc. Pett. Geol •• Yol. 16. pp. 41G-411, 1932. 

the Electra arch, suggesting that strongly 
saline waters have migrated from the salt 
deposits of the Permian basin which is 
located to the west. If concentrated 
sodium chloride brines, formed by the 
solution of salt, migrated, displacing 
waters from beds containing normal or 
slightly altered ocean waters, then the 
character of the present-day oil field 
waters could be more easily explained 
than if the waters are concentrated in situ 
from ocean water. 

The waters analysed are from beds 
stratigraphically lower than the Permian 
salt deposits of west Texas. The travel 
of water downward across the interven
ing strata, many of which appear to be 
practically impervious, might he ques· 
tioned, hut travel of water along beds 
many of which are now practically im
pervious is well documented. Many ex· 
amples of stylolite development are cited 
by Stockwell14 and others in which vast 
amounts of material have been removed 
by solution. Many of these rocks are now 
practically impervious and in view of 
their fine-grained texture must never have 
been very pervious, yet great amounts 
of material have been removed by solu
tion, entailing the movement of great 
quantities of liquids through them. In 
view of such transmission of solutions, it 
seems possible that water may travel 
across beds much more readily than is 
generally accepted. The work by Craw
tord15 on the oil field waters of !Vlontana 
indicates that the waters in that area 
have been changed in composition not 
only by ingress of fresh water along beds 
but also by water crossing beds. The beds 
which would have to he crossed by the 
waters of north-central Texas have not 
always been as lithified as they now are. 
It is also possible that the lithification 
of these beds has been in part caused by 
changes induced by cross-cutting waters. 

Many millions of years have elapsed 
since the deposition of the Pennsylvanian 
and Permian rocks, giving ample time 

UStockwell. P. B., S tylolitet: pr:ma ry or secondary ? : ]our, 
Sed. Petrology, vol. 13, pp. 3-12, 1943. 

15Crawford, J. C., Oil -field waters of Montana plain1: Bull. 
Amer. Assoc. Petr. Ceol., vol. 26, pp. 1343, 1368, 1942. 



Table 3. Resume of oil field water analyses by counties and geological horizons in north-central Texas. 

Complete analyses Analyses lacking magc esium 

Analyses Above Othe r than Above 
Oll Gose Goee Gose Gose Gose Chlorid e 

County pages horizon horizon or above horizon horizon Other only Total Horizons represented 

Archer ___ ----·---------· 335, 338, 344 30 3 50 83 Gose to 220 feet above 
Caldwell• ----------- 350 1 1 Serpentine 
Eastland -------- 350-351 3 3 Lake sand, Ellenburger, and near base of 

Cambrian 
Montague --------- 349 12 12 Several producing horizons 
Motley ---·----------- 350 1 l Cisco 
Palo Pinto ___ 350, 352--353 24 24 One Marble Falls; rest medicinal waters 
Throckmorton _ 351 1 1 Ellenburger 
Travis* ----------- 350 1 1 Serpentine 
Wichita ----- 338-340 5 3 4 5 17 Gose to 800 feet above 
Wilbarger ---- - - 340, 345-348 2 35t 1 38 Gose and many others 
Young -----·------- 341-343, 350 16 1 3 1 1 22 One Lower Pennsylvanian; rest Gose or 

above. 

Total --------- 53 7 65 7 7 14 50 203 

*These samples are from central Texaa and are included only as a matter of record. 
fTheae aamplee can be apportione1l between the first three columns in the table but this has not been done because these anal yses are not diacuHed in reference to the 

Gose horizon. 
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"" "" Table 4. Analyses of oi.l field waters from Gose horizon and above Gose horizon in wells in Archer, Wichita, and Young counties Cl 

and in the Electra district of Wilbarger County-Continued. 

Sample No. Ca Mg Na HCO. so, Cl Total Name and location of well Elev. T.D. 

6 Mg/L 2,987 936 18,720 7 0 36,900 60,550 Continental Oil Co. No. 4 Abercrom· 1130.3 1366 
R.V. 149 77 815 0 0 1,041 2,082 hie & Taylor; S. P. RR. surv., blk. (casing 
R.V.% 715 3.69 39.16 .00 .00 50.00 100.00 A-12.81. leaking) ...., 

;:.-

7 Mg/L 9,208 2,018 48,200 17 25 96,400 155,868 Continental Oil Co. No. 6 Hamilton; 1045 1805 "' 
R.V. 460 166 2,095 0 1 2,720 5,442 Denton County School Lands ; blk. <::::'! 
R.V.% 8.48 3.06 38.46 .00 .02 49.98 100.00 22. i:. 

<:! 

"' 8 Mg/L 3,268 1,078 19,250 12 49 38,700 62,357 Continental Oil Co. No. 11 Oldham; 1136.2 1327 ;;: ... 
R.V. 163 89 838 0 1 1,092 2,186 L. Hubble surv. (casing ~ 
R.V.% 7.45 4.07 38.34 .00 .04 49.96 100.00 leaking) 

~ 
9 Mg/L 17 5 527 611 61 456 1,677 Fresno & Gifford No. 4 Prideaux; ----·- ------- ...., 

R.V. .85 .41 22.90 10.02 1.27 12.87 48.32 A. Rohus surv. 
~ R.V.% 1.76 .84 47.40 20.60 2.63 26.77 100.00 

11 Mg/L 7,137 1,992 39,200 84 10 79,000 127,423 Gulf Prod. Co. Hutchinson (Power 979.5 1400 't1 r:: 
R.V. 356 164 1,707 1 0 2,226 4,454 Banking) No. 3; A.T.N.C. surv., Qo -R.V.% 7.98 3.79 38.23 .02 .00 49.98 100.00 blk. 123. a· 

12 Mg/L 7,145 2,067 39,100 11 20 78,900 127,243 Gulf Prod. Co. McCrory (Trustee) C 1397 ~--- 0 
R.V. 356 169 1,699 0 0 2,223 4,448 No. 3 ; A.T.N.C. surv., blk. 75. ;:s 

R.V.% 8.00 3.80 38.20 .00 .00 50.00 100.00 < 
? 

14 Mg/L 7,-010 2,025 39,700 53 0 79,500 128,288 Magnolia Petroleum Co. No. 1 Cof- - - -- ~ R.V. 350 166 1,727 1 0 2,242 4,486 field; Richardson surv. 
R.V.% 7.81 3.71 38.48 .02 .00 49.98 100.00 ::: 

15 Mg/L 5,660 1,443 26,650 2 45 55,300 89,100 Marland Oil Co. No. A-6 Ward; 
R.V. 282 119 1,159 0 1 1,559 3,120 T.E.&L. surv., blk. 1379. 
R.V.% 9.04 3.81 37.15 .00 .03 49.97 100.00 

16 Mg/L 6,730 1,920 35,650 43 34 72,500 116,877 Pandem No. 7 Hudson ; Harris sub-
R.V. 336 158 1,551 1 1 2,043 4,090 div., Club ranch. 
R.V.% 8.21 3.86 37.93 .02 .02 49.96 100.00 



17 Mg/ L 7,320 2,006 41,200 55 0 82,400 132,981 Panhandle No. A·l W.R. Farmer; W. 
R.V. 366 165 1,792 1 0 2,322 4,646 Anderson ranch subdiv. 
R.V.% 7.88 3.55 38.57 .02 .00 49.98 100.00 

18 Nlg/L 7,205 2,044 40,300 24 15 80,900 130,488 Petroleum Producers No. 5-C Turbe· 1026 1440 
R.V. 360 168 1,752 0 0 2,280 4,560 ville; Robert Carson surv., blk. 172. 
R.V.% 7.89 3.71 38.40 .00 .02 49.98 100.00 

19 Mg/L 7,010 2,132 40,900 53 0 81,700 131,795 Pilkerton (MacGregor) No. 4 Llewel-
R.V. 350 175 1,780 l 0 2,304 4,610 lyn; Llewellyn surv. 
R.V.% 7.59 3.79 38.62 .02 .00 49.98 100.00 

20 Mg/ L 7,462 1,969 39,800 66 27 80,200 129,524 Prairie Oil & Gas Co. No. l Krager; 1286 1423 
R.V. 372 162 1,730 1 1 2,262 4,528 T.E.&L. surv., blk. 2434 ~ 

R.V.% 8.18 3.59 38.23 .02 .02 49.96 100.00 i 
21 Mg/L 1,667 525 13,740 114 691 25,100 41,837 Roxana Petroleum Co. No. 4-A Aber- 1116 1330 a::: R.V. 83.l 43.2 598.0 1.9 14.4 708.0 1,448.6 crombie; S.P. RR. surv., blk. 2. ~-R.V.% 5.72 2.95 41.33 .13 .99 48.88 100.00 ... 
22 Mg/ L 4,480 1,207 22,170 12 35 45,600 73,504 E. L. Smith Oil Co. No. 8 Cowen; ~ 

-------- --------
R.V. 224 99 965 0 l 1,287 2,576 Jefferson County School Land, blk. ~ R.V.% 8.71 3.85 37.44 .00 .03 49.97 100.00 50. .., 

() 
;:: 

23 Mg/ L 3,957 1,169 22,180 4 21 44,600 71,831 The Texas Co. No. l Carter; T.E.&L. 1227.5 1230 ... 
R.V. 197 96 965 0 0 1,258 2,516 surv., blk. 1594. (casing ~ 
R.V.% 7.80 3.80 38.40 .00 .00 50.00 100.00 leaking?) 

25 Mg/ L 5,610 2,070 41,500 8 12 80,000 129,200 The Texas Co. No. 6 Chance; A.T. 1056 1583 
R.V. 280 169 1,807 0 0 2,256 4,512 N.C. subdiv. 
R.V.% 6.21 3.74 40.05 .00 .00 50.00 100.00 

26 Mg/L 7,356 2,006 40,500 22 5 81,400 131,289 The Texas Co. No. 3 Hayter; T.E.&L. 1331 1420 
R.V. 367 165 1,762 0 0 2,294 4,588 surv., blk. 2409. 
R.V.% 8.01 3.60 38.39 .00 .00 50.00 100.00 

27 Mg/L 10,336 2,144 47,600 24 36 97,900 158,040 The Texas Co. No. 5 Kemp & Kemper ; 1031.4 1715 
R.V. 516 176 2,069 0 1 2,760 5,522 S. P. RR. surv., blk. 2. 
R.V.% 9.34 3.23 37.43 .00 .02 49.98 100.00 

c:.> 
c:.> 
-..) 
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Table 4. Analyses of oil field waters from Gose horizon and above Gose horizon in wells in Archer, Wichita, and Young counties 
co 

and in the Electra district of Wilbarger County--Continued. 

Sample No. Ca Mg Na HCO, so, CI Total Name and location o{ well Elev. T.D. 

28 Mg/ L 7,570 2,114 39,100 24 22 79,900 128,730 The Texas Co. No. 3 Parish ; S. P. 1021 1575 
R.V. 378 174 1,700 0 0 2,252 4,506 RR. surv., blk. 2. 
R.V.% 8.37 3.86 37.77 .00 .00 50.00 100.00 

29 Mg/L 1,727 36,000 The Texas Co. No. 1 Pollei ; McCoy 
'"'l 

7,228 34 23 73,300 118,312 1220 1118 .,,... 
R.V. 361 142 1,564 1 0 2,066 4,134 surv., hlk. 7. "' 
R.V.% 8.74 3.44 37.S2 .02 .00 49.98 100.00 <:::::: 

30 Mg/ L 7,058 2,044 38,600 13 10 78,000 125,725 The Texas Co. No. 23 Richardson ; 1251.1 1296 
~ · 
"' R.V. 353 168 1,678 0 0 2,199 4,398 S. Anderson ranch subdiv. 
.., 
"' 

R.V.% 7.96 3.80 38.24 .oo .00 50.00 100.00 ~-

31 Mg/ L 6,515 1,773 29,450 4 0 62,100 99,842 The Texas Co. No. 6 M. E. Rogers; 1331 1420 
Q -R.V. 325 146 1,281 0 0 1,752 3,504 T.E.&L. surv., blk. 1600. (casing '"'l 

R.V.% 9.26 4.17 36.57 .00 .00 50.00 100.00 leaking ) "' 
32 Mg/ L 7,393 2,020 39,450 41 13 79,900 128,817 The Texas Co. No. 9 Turbeville ; blk. 1089.8 1490 

~ 
R.V. 369 166 1,718 1 0 2,252 4,506 142. ~ 

;: 
R.V.% 8.18 3.65 38.17 .02 .00 49.98 100.00 g: 

33 Mg/L 7,056 2,128 35,700 51 26 73,800 118,763 The Texas Co. No. 16 Wilson; A.T. 1033.6 1625 ~· 
R.V. 352 175 1,555 1 1 2,080 4,164 N.C. surv., blk. 29. ~· 
R.V.% 8.45 4.24 37.31 .02 .00 49.98 100.00 

WICHITA COUNTY ~ 
Above Gose horizon. ~ 

About 800 ft. above Gose horizon. MgandNa c .... 
79 Mg/L 11,900 20 495 107,900 Magnolia Petroleum Co. No. 34 Allen ; 1189 1076 

R.V. 594 457 0 10 3,041 6,102 Waggoner Colony subdiv., sec. 250. 
Jl.V.% 9.73 40.27 .00 .16 49.84 100.00 

About 720 ft. above Gose horizon. 
82 Mg/L 12,500 40 340 109,200 Magnolia Petroleum Co. No. 41 1178.3 1055 

R.V. 624 2,464 1 7 3,080 6,176 Honaker; S. P. RR. surv. 
R.V.% 10.10 39.90 .02 .11 49.87 100.00 



570 ft. above Gose horizon. 
89 Mg/L 8,120 2,092 41,600 39 20 84,600 136,471 Simms Oil Co. No. 4 Chilson; Den- 1035 1167 

R.V. 405 172 1,809 1 0 2,385 4,772 ton County School Land, sec. 3. 
R.V.% 8.49 3.69 37.82 .02 .00 49.98 100.00 

250 ft. above Gose horizon. MgandNa 
Bl Mg/ L 14,600 28 388 128,300 Magnolia Petroleum Co. No. 4 Hey- 1125.10 1592 

R.V. 729 2,899 0 8 3,620 7,256 drick Waggoner; H. & T. C. RR. 
R.V.% 10.04 39.96 . 00 .10 49.90 100.00 surv., blk. 5, secs. 28, 33 . 

250 ft. above Gose horizon. 
87 Mg/ L 14,900 -- 23 290 123,900 Magnolia Petroleum Co. No. 11 W. T. 1210 1747 

R.V. 744 2,754 0 6 3,492 6,996 Waggoner ; H. T. & B. RR. surv., est. 
R.Vo/o 10.63 39.37 . 00 .09 49.91 100.00 sec. 13 . 

110 ft. above Gose horizon. 

w 86 Mg/L 13,500 29 309 117,000 Magnolia Petroleum Co. and Section 1096.4 1590 
R.V. 674 2,632 0 6 3,300 6,612 2 Oil Co. No. 4 Burnett; T. & N. 
R.V.o/o 10.19 39.81 .00 .09 49.91 100.00 0. RR. surv., sec. 2. a:: 

90 ft. above Gose horizon. ;;· 
~ 

88 Mg/ L 14,710 2,577 60,500 19 264 126,800 204,870 Sheldon & Everts No. 2 Volkart; 1118 1923 ... 
R.V. 735 212 2,633 0 5 3,575 7,160 Waggoner Colony subdiv., sec. 309. ~ 
R.V.o/o 10.24 2.96 36.80 .00 m 49.93 100.00 :::.., 

~ ... 
Above Gose horizon. () 

i.:: 
78 Mg/L 14,050 2,702 59,400 60 569 123,900 200,681 Humble Oil & Refg. Co. No. 14 Doug- ----- -- ... 

"' R.V. 702 222 2,583 1 12 3,494 7,014 las ; H. T. & B. RR. surv., blk. 11. ~ ... 
R.V.o/o 10.00 3.17 36.83 .01 .17 49.82 100.00 

Gose horizon. 
77 Mg/L 13,680 2,446 64,300 16 175 130,300 210,917 Continental Oil Co. No. E-15 Wag-

R.V. 682 201 2,799 0 4 3,678 7,364 goner ; H. & T. C. RR. surv., blk. 
R.V.% 9.26 2.72 38.02 

Mg and Na 
.00 .05 49.95 100.00 5, sec. 34. 

80 M11:/ L 12,200 31 267 118,000 Magnolia Petroleum Co. No. 8 Burnett 1080 1790 
R.V. 609 2,725 1 6 3,327 6,668 Ranch; Meade surv., sec. 6. est. 
R.V.o/o 9.13 40.87 .02 .09 49.89 100.00 

83 Mg/ L 11,300 36 134 104,900 Magnolia Petroleum Co. No. 12 Maer 1006.4 1762 
R.V. 564 2,399 1 3 2,959 5,926 & Staniforth; Balch surv. 
R.V.% 9.52 40.48 .02 .05 49.93 100.00 

Col) 
Col) 
IO 



Table 4. Analyses of oil field waters from Gose horizon and above Gose horizon in wells in Archer, fl7 ichita, and Young counties 
and in the Electra district of Wilbarger County-Continued. 

~ 

Sample No. Ca Mg Na HCOa so, Cl Total Name and location of well Elev. T.D. 

84 Mg/L 8,000 ----------- 83 1,025 94,300 Magnolia Petroleum Co. No. 45 Put· 1188.2 1937 
R.V 399 2,282 1 21 2,659 5,362 nam; H. & G. N. RR. surv. 
R.V.% 7.43 42.57 .02 .39 49.59 100.00 

85 Mg/L 15,100 16 288 132,200 Magnolia Petroleum Co. No. 13 Rio 1169.8 1935 ...., 
R.V. 753 2,983 0 6 3,730 7,472 Bravo; H. & T. C. RR. surv., blk. .... 
R.V.% 10.D7 39.93 .00 .08 49.92 100.00 5, sec. 31. "' 

~ 

90 Mg/ L 15,020 1,688 59,600 37 279 123,200 199,824 The Texas Company No. 39 Bickley; -------- - --- ~-
R.V. 750 139 2,594 1 6 3,476 6,966 C. & M. RR. surv., sec. 2, blk. "' R.V.% 10.79 1.99 37.22 .01 .09 49.90 100.00 A-594. ;;: 

~· 
91 Mg/ L 13,200 2,373 54,600 26 268 114,300 184,767 The Texas Co. No. 17 Waggoner; -- -- ~ R.V. 659 195 2,375 0 6 3,224 6,458 B. C. & S. F. RR. surv., sec. 18. 

R.V.% 10.21 3.02 36.77 .00 .09 49.91 100.00 ...., 
"' 

92 Mg/ L 14,750 2,405 64,500 35 305 132,200 214,195 The Texas Co. No. 224 Waggoner; ·-- -·- e 
R.V. 736 198 2,803 1 6 3,730 7,474 H. & T. C. RR. surv. 

~ R.V.% 9.86 2.65 37.49 .01 .08 49.91 100.00 !:: 
<:l"' 

93 Mg/ L 13,170 2,325 62,500 37 188 126,200 204,420 The Texas Co. No. 232 Waggoner; --- -- [ R.V. 657 191 2,717 1 4 3,560 7,130 Seale & Morris surv., blk. 398. 
R.V.% 9.21 2.68 38.11 .01 .06 49.93 100.00 o· 

WILBARGER COUNTY 
;:i 

Above Gose horizon. :<: 
About 900 ft. above Gose horizon. Mg and Na ~ 

110 Mg/ L 10,600 45 824 100,400 Magnolia Petroleum Co. No. 5 H. & 1212.9 1010 
~ R.V. 529 2,323 1 17 2,834 5,704 T. C.; H. & T. C. RR. surv., blk. 13, 

R.V.% 9.28 40.72 .02 .30 49.68 100.00 sec. 15. .... 
Gose horizon. 

120 Mg/L 14,280 2,273 63,100 50 304 128,900 208,907 Phillips Petroleum Co. No. BBB-1 
R.V. 712 187 2,743 1 6 3,635 7,284 Waggoner; H. & T. C. RR. surv., 
R.V.% 9.76 2.57 37.67 .01 .08 49.91 100.00 blk. 5, sec. 5. 

126 Mg/L 14,080 2,068 59,500 23 362 122,500 198,533 The Texas Co. No. 174 Waggoner; 
R.V. 703 170 2,589 0 7 3,455 6,924 H. & T. C. RR. surv., blk. 13, sec. 14. 
R.V.% 10.14 2.42 37.44 .00 .10 49.90 100.00 



YOUNG COUNTY 
Above Gose horizon. 

136 Mg/ L 117 31 89 442 141 73 893 Hoggard farm water well; T .E.&L. 
R.V. 4.84 2.55 3.85 7.25 2.93 2.06 24.48 surv., blk. 470. 
R.V.% 23.87 10.42 15.71 29.61 11.96 8.43 100.00 

Mg and Na 
148 Mg/ L 90 290 60 70 The Texas Co. and Wooten & Reed 1217.9 650 

R.V. 4.49 3.40 4.75 1.25 1.97 15.94 No. 1 Jordan ; T.E.&L. surv., sec. 
R.V.% 28.16 21.84 29.79 7.85 12.36 100.00 1903. 

Gose horizon. 
132 Mg/ L 10 ------------ 408 73 164 Alberts farm well; Johnson surv. 

R.V. .50 12.33 6.68 1.52 4.63 25.66 ....,, 
R.V.% 1.95 48.05 26.17 5.92 17.91 100.00 " ~ 

133 Mg/ L 294 111 5,410 276 7 9,030 15,128 Cable Oil Co. No. 8 Snyder; Wilson ~ - - --------
R.V. 14.70 9.13 235.25 4.53 .15 254.40 518.16 surv. E::: 
R.V.% 2.83 1.75 45.42 .87 .03 49.10 100.00 ;;· 

" 134 Mg/ L 309 170 391 350 6 6,880 8,106 Continental Oil Co. No. 11 Campbell; 1195 877 ~ 
R.V. 15.42 13.98 170.36 5.74 .12 193.90 399.5'2 T.E.&L. surv., blk. 1483. ::i::i 
R.V.% 3.88 3.54 42.58 1.44 .03 48.53 100.00 " "' c 

135 Mg/ L 5,601 1,550 31,400 25 41 62,800 101,417 Darby Petroleum No. 8 Julian Larri- -------- ----- ~ ... 
R.V. 280 127 1,361 0 1 1,770 3,542 more; T.E.&L. surv., blk. 2246. <> 

" R.V.% 7.90 3.58 38.52 .00 .03 49.97 100.00 "' 
137 M~/L 20 6 222 526 34 64 872 Kleiner H-Y No. A-15 Langston; T.E. 1143 556 

R.V. 1.00 .49 9.65 8.63 . 71 1.80 22.28 &L. surv., blk. 1490 . 
R.V.% 4.49 2.21 43.30 38.71 3.18 8.11 100.00 

(Abnormal water.) 
138 Mg/ L 8,315 1,215 35,500 o• 49 72,870 118,001 Lee & Brasher No. 3-A Jeffrey; T.E. 

R.V. 415 100 1,543 0 1 2,055 4,116 &L. surv. 
R.V.% 10.08 2.43 37.49 0 .02 49.94 100.00 

•OH - Mg/ L = 9, R.V. = l. R.V.% = .02. CO, - Mg/ L = 43, R.V. = ! , R.V.% = .02. 

~ ..... 



<:;.;> 

~ 
Table 4. Analyses of oil field waters from Gose horizon and above Gose horizon in wells in Archer, Wichita, and Young counties 

and in the Electra district of Wilbarger County-Continued. 

Sample No, Ca M, Na HCOa so, Cl Total Name and loca tion of well Elev. T.D. 

139 Mg/L 754 236 8,300 180 55 14,205 24,205 Panhandle No. 6 Matthews; A. Rohus 
R.V. 37.62 19.40 360.77 2.95 l.14 413.70 835.58 surv. 
R.V.o/o 4.50 2.32 43.18 .36 .14 49.50 100.00 ....., 

;:.-

"' 140 Mg/ L 7,963 l,944 37,900 54 23 78,200 126,084 Perkins et al. No. II Dunegan; T.E. ------ --- ~ R.V. 398 160 1,648 l 0 2,205 4,354 &L. surv., blk. 157. ;:s 
R.V.o/o 9.17 3.67 37.16 .02 .00 49.98 100.00 ~· 

"' .., 
141 Mg/L 7,530 1,788 36,400 69 61 74,600 120,448 Roberts Oil Co. No. 12 Rogers; T.E. 1209 862 .. 

R.V. 376 147 1,581 l l 2,102 4,208 &L. surv., blk. 166. ~· 
R.V.o/o 8.93 3.49 37.58 .02 .02 49.96 100.00 ~ 

142 Mg/ L 8,157 2,056 40,300 71 16 82,700 133,300 Rosier No. l Cathey; T.E.&L. surv., 1235 1050 ....., 
R.V. 408 169 1,757 l 0 2,333 4,668 blk. 68. ~ 
R.V.o/o 8.76 3.62 37.62 .02 .00 49.98 100.00 ~ 

143 Mg/L 6,745 1,620 32,700 72 16 67,000 108,153 Simms Oil Co. No. B-3 Carpenter; 1251 1012 "\:! 
i;: 

R.V. 337 133 1,421 l 0 1,890 3,782 T.E.&L. surv., blk. 237. g: 
R.V.o/o 8.88 3.52 37.62 .03 .00 49.97 100.00 i' MgandNa 

144 Mg/L 24 360 50 us Smith farm water well; T.E.&L. surv., ---- --- 5· 
R.V. 1.25 8.93 5.90 1.04 3.24 20.36 blk. 3407. ;:s 

R.V.o/o 6.14 43.86 28.97 5.11 15.9'l 100.00 <: 
::> 

146 Mg/ L 7,640 1,870 36,400 78 13 75,200 121,201 The Texas Co. No. 18 Gambrell; -------- ------ ""' R.V. 381 154 1,586 I 0 2,120 4,242 B. B. B. & C. RR. surv., blk. I. "' c 
R.V.o/o 8.95 3.62 37.43 .02 .00 49.98 100.00 .... 

147 Mg/ L 635 2ll 8,040 50 9 14,100 23,045 The Texas Co. No. 2 Stewart; Daw- 1170.2 772 
R.V. 31.72 17.35 349.74 .82 .19 397.80 797.62 son surv. 
R.V.o/o 3.98 2.16 43.86 .10 .02 49.88 100.00 

MgandNa 
149 Mg/ L 61 389 8 3,400 The Texas Co. and Wooten & Reed 1217.9 650 

R.V. 3.04 99.41 6.38 .17 95.90 204.90 No. l Jordan; T.E.&.L. surv., sec. 
R.V.o/o I.48 48.52 3.11 .08 46.81 100.00 1903. 



150 Mg/L l,360 418 12,100 36 0 22,230 36,144 Tidal No. 5 Benson; T.E.&L. surv., 
R.V. 68 34 526 l 0 627 l,256 blk. 1451. 
R.V.% 5.42 2.71 41.87 .06 .00 49.92 100.00 

""'! 
"' 151 Mg/L 7,882 2,012 39,200 26 40 80,200 129,360 Wolf No. 1 Hill; T.E.&.L. surv., blk. 1235 980(?) ~ 

R.V. 394 165 l,706 0 1 2,264 4,530 195. e 
R.V.% 8.70 3.64 37.66 .00 .02 49.98 100.00 a:: 

152 Mg/ L 7,900 2,012 39,700 53 47 81,000 130,712 Wolfe No. 6 Dunegan; T.E.&L. surv., 
s· 

--· - "' .... 
R.V. 394 165 1,726 1 1 2,283 4,570 blk. 170. ~ 
R.V.% 8.62 3.60 37.78 .02 .02 49.96 100.00 

::i::i 
153 Mg/L 21 8 926 103 24 1,409 2,491 Wooten & Reed No: 2 Horton; T.E. "' - -- -- "' c 

R.V. 1.05 .66 40.23 1.69 .50 39.75 83.88 &L. surv., blk. 1906. I;: 

R.V.% 1.25 .78 47.97 2.02 .50 47.38 100.00 .... 
" "' "' 

~ 
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Table 5. Analyses of chlorides in oil field waters from South Turbeville and H armel pools, 
Archer County, Texas. 

Sample No. Chloride Well name Company Survey Section 

South Turbeville Pool 
154 79,400 Turbeville 9 The Texas Co. R. Carson 172 
155 79,600 Turbeville 14 The Texas Co. R. Carson 172 
156 73,200 Turbeville 11 The Texas Co. R. Carson 172 
157 64.400 Turbeville 7 The Texas Co. R. Carson 172 
158 77,900 Turbeville 4 The Texas Co. R. Carson 172 
159 77,700 Turbeville 2 The Texas Co. R. Carson 172 
160 80,500 Turbeville 6 The Texas Co. R. Carson 172 
161 78,900 Turbeville 13 The Texas Co. R. Carson 172 
162 79,300 Turbeville 15 The Texas Co. R. Carson 172 
163 80,300 Turbeville 8 The Texas Co. R. Carson 172 
164 78,000 Turbeville 2 Continental Oil Co. R. Carson 172 
165 81,100 Turbeville 6 Continental Oil Co. R. Carson 172 
166 80,300 Turbeville 18 Continental Oil Co. R. Carson 172 
167 79,300 Turbeville 3 Continental Oil Co. R. Carson 172 
168 80,400 Turbeville A-19 Simms Oil Co. R. Carson 172 
169 80,000 Turbeville 9 Simms Oil Co. R. Carson 172 
170 80,600 Turbeville 8 Simms Oil Co. R. Carson 172 
171 79.500 Turbeville 10 Simms Oil Co. R. Carson 172 
172 80,700 Turbeville 7 Simms Oil Co. R. Carson 172 
173 80,600 Turbeville 6 Simms Oil Co. R. Carson 172 
174 60,800 Turbeville 13 Simms Oil Co. R. Carson 172 
175 80,400 Turbeville 7 Petroleum Producers Oil R. Carson 171 

Co. 
176 80,100 Turbeville 6 Petroleum Producers Oil R. Carson 171 

Co. 
177 79,300 Turbeville 5 Petroleum Producers Oil R. Carson 171 

Co. 
178 79,800 Turbeville 2 Petroleum Producers Oil R. Carson 171 

Co. 
179 80,500 Turbeville 1 Petroleum Producers Oil R. Carson 171 

Co. 
180 79,800 Turbeville 1 Shappell Oil Co. R. Carson 171 
181 79,000 Turbeville 3 Shappell Oil Co. R. Carson 171 
182 79,000 Turbeville 4 Shappell Oil Co. R. Carson 171 

Harmel Pool 
183 80,000 Hater A-lse Rathke T. E. & L. 1598 
184 80,600 Portwood 11 Magnolia Petroleum Co. T. E. &L. 1581 
185 80,100 Portwood 1 Magnolia Petroleum Co. T. E. & L. 1581 
186 80,400 Brom 6 E. L. Smith Oil Co. T. E. &L. 1582 
187 81,000 Brom 4 E. L. Smith Oil Co. T. E. & L. 1582 
188 81,400 Brom 2 E. L. Smith Oil Co. T. E.&L. 1582 
189 81,400 Brom 3 E. L. Smith Oil Co. T. E. & L. 1582 
190 81,400 Brom 10 E. L. Smith Oil Co. T. E. & L. 1582 
191 81,100 Brom 13 E. L. Smith Oil Co. T.E.&L. 1582 
192 81,200 Brom 1 E. L. Smith Oil Co. T.E. &L. 1582 
193 80,100 Hill 20 The Texas Co. T. E.&L. 2408 
194 80,700 Hill 16 The Texas Co. T. E. & L. 2408 
195 81,700 Hill 21 The Texas Co. T. E. & L. 2408 
196 80,000 J. F. Rogers 1 Magnolia Petroleum Co. T. E. & L. 2406 
197 61,800 Wallet 5 Magnolia Petroleum Co. T. E. & L. 1600 
198 81,000 Kate Rogers 15 Magnolia Petroleum Co. T. E .. & L. 2407 
199 79,400 Griffin 3 Gulf Production Co. T. E. & L. 1600 
200 58,800 Harmel A·8 Fain-McGaha T. E. & L. 2401 
201 49,400 Harm el B-3 Fain-McGaha T.E.&L. 2401 
202 78,900 Harm el 15 Fain-McGaha T.E. &L. 2401 
203 72,300 Harmel A-9 Fain-McGaha T. E. & L. 2401 



Table 6. Analyses of oil field waters from Wilbarger County, Texas, exclusive of the Electra district. 

Sample Sample 
No. Ca Mg Na HCOa so. Cl Total Name and location of well Elev. depth 

Lime 
ll5* Mg/L 12,000 2,920 57,800 0 402 ll8,800 191,922 Phillips Petroleum Co. No. A-9 Wag- -- 930-45 

R.V. 599 240 2,519 0 8 3,350 6,716 goner; H. & T. C. RR. surv., blk. 4, 
R.V.% 8.92 3.57 37.51 .00 .12 49.88 100.00 sec. 44 

260 ft. below Coleman Junction 
105 Mg/L 16,140 3,496 68,300 0 416 143,700 232,052 Humble Oil & Rfg. Co. No. 6 Castle- 1221 1287-1312 

R.V. 806 287 2,968 0 9 4,052 8,122 berry; H. & T. C. RR. surv., blk. 14, 
R.V.% 9.93 3.54 36.53 .00 .ll 49.89 100.00 sec. 83 

""-3 
Vernon oil sand ~ 

ll6* Mg/L 12,600 2,420 61,000 6 342 123,500 199,868 Phillips Petroleum Co. No. A-9 Wag- ------- 1335-55 &l 
R.V. 629 199 2,659 0 7 3,480 6,974 goner; H. & T. C. RR. surv., blk. 4, 

El:: R.V.% 9.02 2.86 38.12 .00 .10 49.90 100.00 sec. 44 s· 
Water sand "' ... 

ll7* Mg/L 12,420 2,370 61,200 6 338 123,500 199,834 Phillips Petroleum Co. No. A-9 Wag- --- 1407-12 !:... 
R.V. 621 195 2,669 0 7 3,478 6,970 goner; H. & T. C. RR. surv., blk. 4, 

~ R.V.% 8.91 2.80 38.29 .00 .10 49.90 100.00 sec. 44 "' .... 
Dyson 

c 
~ 

96 Mg/L 14,860 2,626 61 ,300 0 450 128,600 204,836 Empire No. 24 Stephens; H. & T. C. 1235 
... 

-------- ~ R.V. 741 216 2,676 0 9 3,624 7,266 RR. surv., blk. 14, sec. 83 .... 
R.V.% 10.19 2.97 36.84 .00 .13 49.87 100.00 

103 Mg/L 16,360 2,757 66,800 0 326 139,800 226,043 Hemisphere Oil Corp. No. 6 Wag- 1145 1884-90 
R.V. 816 226 2,907 0 7 3,942 7,898 goner; H. & T. C. RR. surv., blk. 4, 
R.V.% 10.33 2.86 36.81 .00 .09 49.91 100.00 sec. 42 

104 Mg/L 16,330 2,720 66,300 0 330 138,900 224,580 Hemisphere Oil Corp. No. 15 Wag- ------- 1924-42 
R.V. 815 224 2,885 0 7 3,917 7,848 goner; H. & T. C. RR. surv., blk. 4, 
R.V.% 10.38 2.86 36.76 .00 .09 49.91 100.00 sec. 42 

106 Mg/L 14,360 2,506 58,300 0 521 122,200 197,887 Humble Oil & Rfg. Co. No. 20 Castle- 1228 2079-81 
R.V. 716 206 2,535 0 ll 3,446 6,914 berry; H. & T. C. RR. surv., blk. 14, 
R.V.% 10.35 2.98 36.69 .00 .16 49.84 100.00 sec. 83 

•Analyan furnbhed by Phill ipa Petroleum Company. e;., 

~ 



<:» 
Table 6. Analyses of oil field waters from Wilbarger County, Texas, exclusive of the Electra district.--Continued. ~ 

Sample Sample 
No. Ca Mg Na HCO, so. Cl Total Name and location of well Elev. depth 

109 Mg/L 16,480 2,728 65,600 0 333 138,100 223,241 C. F. Kolp No. B-4 Waggoner ; H. & 1264 2009- 21 
R.V. 823 224 2,854 0 7 3,894 7,802 T. C. RR. surv., blk. 14, sec. 99 
R.V.% 10.53 2.87 36.60 .00 .09 49.91 100.00 

111 Mg/L 16,700 2,858 64,100 0 311 136,600 220,629 Massie No. 8 Bond; H. & T. C. RR. -------
R.V. 836 235 2,788 0 6 3,853 7,718 surv., blk. 14, sec. 100 

...., 
;:,-.. 

R.V.% 10.82 3.04 36.14 .00 .08 49.92 100.00 "' 
124 Mg/ L 14,940 2,444 65,000 0 329 133,700 216,413 Southwest Royalty Co. No. 2 Wag· 1946-54 ~ 

-------- .. 
R.V. 746 201 2,830 0 7 3,770 7,554 goner ; H. & T. C. RR. surv., blk. 4, ;:;· 
R.V.% 9.88 2.66 37.46 .00 .09 49.91 100.00 sec. 8 "' ;;: 

127 Mg/ L 16,390 2,724 66,100 0 296 138,800 224,310 Waggoner Estate Fee No. A-3 Wag· -------- 1905-33 ~· 
R.V. 818 224 2,878 0 6 3,914 7,840 goner; H. & T. C. RR. surv., blk. 4, C. 
R.V.% 10.43 2.86 36.71 .00 .08 49.92 100.00 sec. 47 -...., 

Water sand between Dyson and Noble limestone "' ~ 114• Mg/L 14,400 2,160 55,900 52 178 118,000 190,690 Phillips Petroleum Co. No. A·l Wag- -------- 2215-23 I:> .. 
R.V. 720 178 2,432 1 4 3,325 6,660 goner; H. & T. C. RR. surv., blk. 4, 

"ti R.V.% 10.81 2.67 36.52 .02 .06 49.92 100.00 sec. 43 ~ 
<:!"" 

ll8* Mg/ L 12,750 2,030 52,250 6 224 108,750 176,010 Phillips Petroleum Co. No. A-15 Wag- ----- 2052-90 [ R.V. 637 167 2,269 0 5 3,068 6,146 goner; H. & T. C. RR. surv., blk. 4, 
R.V.% 10.38 2.72 36.90 .00 .08 49.92 100.00 sec. 44 c· ::s 

"U" oil sand <: 119* Mg/L 14,370 2,174 56,040 0 284 117,700 190,568 Phillips Petroleum Co. No. A-15 Wag- ----- 2187-91 ~ 
R.V. 718 179 2,433 0 6 3,324 6,660 goner; H. & T. C. RR. surv., blk. 4, 
R.V.% 10.78 2.69 36.53 .00 .09 49.91 100.00 sec. 44 ~ 

<::::> 
Below Gunsight, 250 ft. below Dyson ..... 

94 Mg/L 14,860 2,712 59,100 0 492 125,000 202,164 Continental Oil Co. No. 4 Zipperle; 1230 2311-21 
R.V. 741 223 2,571 0 10 3,525 7,070 H. & T. C. RR. surv., blk. 14, sec. 80 
R.V.% 10.48 3.15 36.37 .00 .14 49.86 100.00 

Below Gunsight 
95 Mg/L 14,460 2,620 55,900 32 599 119,000 192,611 Empire No. 7 Stephens; H. & T. C. 1243 324{}-44 

R.V. 722 215 2,432 1 12 3,356 6,738 RR. surv., blk. 14, sec. 83 
R.V.% 10.72 3.19 36.09 .01 .18 49.81 100.00 

*Analyses furnished by Phill ipe Petrol eum Company. 



97 Mg/L 14,280 2,632 55,500 36 627 118,000 191,075 Empire No. 27 Stephens; H. & T. C. 1225 2275-2330 
R.V. 713 215 2,414 1 13 3,328 6,684 RR. surv., blk. 14, sec. 83 
R.V.o/o 10.67 3.22 36.11 .01 .19 49.80 100.00 

Noble lime and Milham sand (probably leaked from Dyson) 
Humble Oil & Rfg. Co. No. N-2 Wag- 2306-48 107 Mg/L 16,480 2,605 65,300 0 326 137,200 221,911 1183 

R.V. 823 214 2,839 0 7 3,869 7,752 goner; H. & T. C. RR. surv., blk. 4, 
R.V.o/o 10.61 2.76 36.63 .00 .09 49.91 100.00 sec. 46 

Milham 
101 Mg/L 13,170 2,439 55,700 0 726 115,800 187,835 Hemisphere Oil Corp. No. H-1 Wag- 1166 2404-05 

R.V. 657 201 2,422 0 15 3,265 6,560 goner; H. & T. C. RR. surv., blk. 4, or 
R.V.o/o 10.01 3.06 36.93 .00 .23 49.77 100.00 sec. 42 1153 

~ 
108 Mg/L 13,210 2,417 57,900 21 595 119,300 193,443 Humble Oil & Rfg. Co. No. G-5 Wag- ll64 2398-2409 ~ 

R.V. 659 198 2,520 0 12 3,365 6,754 goner; H. & T. C. RR. surv., blk. 4, a 
R.V.o/o 9.76 2.93 37.31 .00 .18 49.82 100.00 sec. 46 

~ 
ll2 Mg/L 12,420 2,424 56,300 0 799 ll5,200 187,143 Petroleum Producers No. A-4 Dill; ------- -------- s;· 

R.V. 620 199 2,447 0 17 3,249 6,532 H. & T. C. RR. surv., blk. 14, sec. 84 "' ..., 
R.V.o/o 9.50 3.05 37.45 .00 .26 49.74 100.00 ::.. 

121 Mg/L 13,380 2,439 59,500 0 715 122,000 198,034 Phillips Petroleum Co. No. MM-1 1122 2303-05 ::ti 
"' R.V. 668 201 2,586 0 15 3,440 6,910 Waggoner; H. & T. C. RR. surv., "' c 

R.V.o/o 9.66 2.91 37.43 .00 .22 49.78 100.00 blk. 4, sec. 30. !:: ..., 
<> 

Milham sand and Sloan "' "' 100 Mg/L 13,760 2,716 58,300 0 494 121,800 197,070 Fain-McGaha No. S-12 Waggoner; H. 1154 2288-2306; 
R.V. 687 223 2,535 0 10 3,435 6,890 & T. C. RR. surv., blk. 4, sec. 24 2416-2424 
R.V.o/o 9.97 3.24 36.79 .00 .15 49.85 100.00 

102 Mg/ L 13,720 2,391 59,100 0 503 121,900 197,614 Hemisphere Oil Corp. No. H-8 Wag- ll51 2288-2306 
R.V. 685 197 2,566 0 10 3,438 6,896 goner; H. & T. C. RR. surv., blk. 4, 
R.V.o/o 9.93 2.86 37.21 .00 .15 49.85 100.00 sec. 24 

Sloan 
98 Mg/L 14,060 2,520 59,300 0 450 123,300 199,630 Empire No. B-8 Waggoner; H. & T. C. -- 24.36-40 

R.V. 702 207 2,577 0 9 3,477 6,972 RR. surv., blk. 4, sec. 32 
R.V.o/o 10.07 2.97 36.96 .00 .13 49.87 100.00 

c... 
~ 
-.J 



"" 
Table 6. Analyses of oil field waters from Wilbarger County, Texas, exclusive of the Electra district.-Continued. ~ 

Sample Sample 
No. Ca Mg Na HCOa so, CI Total Name and location of well Elev. depth 

123 Mg/L 13,900 3,160 66,400 0 438 136,000 219,898 Phillips Petroleum Co. No. T·l9 Wag- 1140 Ca. 
R.V. 695 260 2,889 0 9 3,835 7,688 goner; H. & T. C. RR. surv., blk. 2, 
R.V.% 9.05 3.38 37.57 .00 .12 49.88 100.00 sec. 47 

125 Mg/L 16,300 2,762 65,000 0 320 137,000 221,382 Southwest Royalty Co. No. 3 Wag- "'-3 -------- -------- .... 
R.V. 814 227 2,829 0 7 3,863 7,740 goner; H. & T. C. RR. surv., blk. 4, "' R.V.% 10.52 2.93 36.55 .00 .09 49.91 100.00 sec. 8 ~ 

Landreth lime ~· 
99 Mg/L 13,360 2,444 55,900 15 700 116,600 189,019 Fain-McGaha No. L-1 Waggoner ; H. 1112 2540-54 "' .... 

R.V. 667 201 2,435 0 15 3,288 6,606 & T. C. RR. surv., blk. 4, sec. 31 
.. 

R.V.% 10.09 3.04 36.87 .00 .22 49.78 100.00 ~· 

113• Mg/L 11,430 2,026 52,100 11 627 105,960 172,154 Phillips Petroleum Co. No. A-1 Wag- 2580-2600 .:?.. --------
R.V. 572 167 2,265 0 13 2,991 6,008 goner; H. & T. C. RR. surv., sec. 43 "'-3 
R.V.% 9.53 2.78 37.69 .00 .22 49.78 100.00 ~ 

122 Mg/L 10,200 2,292 61,000 0 737 118,300 192,529 Phillips Petroleum Co. No. SS-2 Wag-
e 

-------- 2552-56 "t1 R.V. 509 188 2,654 0 15 3,336 6,702 goner; H. & T. C. RR. surv., blk. 4, I:: 
R.V.% 7.60 2.81 39.59 .00 .23 49.77 100.00 sec. 43 g: 

128 Mg/ L 13,530 2,412 56,900 0 678 118,300 191,820 Waggoner Estate Fee No. P-2 W. T. 2656-63 
i:;· 

------- ~ 
R.V. 675 198 2,477 0 14 3,336 6,700 Waggoner; H. & T. C. RR. surv., ;:;· 
R.V.% 10.07 2.96 36.97 .00 .21 49.79 100.00 blk. 2, sec. 35 ::i 

129 Mg/L 13,760 2,418 57,100 0 697 119,000 192,975 Waggoner Estate Fee No. P-5 W. T. 1204 2644-71 '.<: 
Q 

R.V. 686 199 2,485 0 14 3,356 6,740 Waggoner; H. & T. C. RR. surv., 
R.V.% 10.18 2.95 36.87 .00 .22 49.78 100.00 blk. 2, sec. 35 e 

Waggoner Estate Fee No. P-9 W. T. 
c 

130 Mg/L 13,520 2,323 56,800 0 693 117,700 191,036 2645-70 ...... --------
R.V. 675 191 2,467 0 14 3,319 6,666 Waggoner; H. & T. C. RR. surv., 
R.V.% 10.12 2.86 37.02 .00 .21 49.79 100.00 blk. 2, sec. 35 

131 Mg/L 13,550 2,250 56,600 0 719 117,300 190,419 Waggoner Estate Fee No. P-11 W. T. -------- 2660-68 
R.V. 676 185 2,462 0 15 3,308 6,646 Waggoner; H. & T. C. RR. surv., 
R.V.% 10.18 2.85 36.97 .00 .23 49.77 100.00 blk. 2, sec. 35 

•Analysis furnished by Phi1lips Petroleum CC1mpany. 



Table 7. Analyses of oil field waters from the Nocona field, Montague County, Texas. 

Sample No. Ca Mgand Na HCOa so. Cl Total Name and location of well Elev. T.D. 

38 Mg/L 13,720 ---------- 7 0 104,200 ---------- Bridwell, Hydrick, and Continental Oil Co. 797.2 1130( ?) 
R.V. 685 2,255 0 0 2,940 5,880 No. 1 Cunningham; Edmonson surv. 
R.V.% 11.65 38.35 .00 .00 50.00 100.00 

39 Mg/L 19,400 35 0 115,900 Bridwell & Hydrick No. 3 McGaughey; 792.2 1140 
R.V. 969 2,300 1 0 3,268 6,538 Nichols surv. 
R.V.% 14.82 35.18 .02 .00 49.98 100.00 

40 Mg/L 15,930 ---------- 24 0 115,600 Continental Oil Co. Nos. C-1 and 2 How- 840 est. 1270 
R.V. 796 2,464 0 0 3,260 6,510 ard; Chambliss surv. 
R.V.% 12.18 37.82 .00 .00 50.00 100.00 

41 Mg/L 16,350 ---------- 38 0 112,100 Continental Oil Co. No. 4 Howard; Cham· 872 1600 
R.V. 816 2,347 1 0 3,162 6,326 bliss surv. ...., 

"' R.V.% 12.90 37.10 .02 .00 49.98 100.00 ~ 

42 Mg/L 16,710 ·------- 66 180 121,200 ---- Continental Oil Co. No. 13 Howard; Cham- 851.5 980 ~ 
R.V. 835 2,588 1 4 3,418 6,846 bliss surv. a:: 
R.V.% 12.20 37.80 .02 .06 49.72 100.00 ;;· 

43 Mg/L 12,530 19 0 89,500 Continental Oil Co. No. 5-B Maddox; 848.7 861 "' .., 
R.V. 626 1,897 0 0 2,523 5,046 Thompson surv. ~ 
R.V.% 12.41 37.59 .00 .oo 50.00 100.00 :::.., 

44 Mg/L 13,370 49 0 96,200 Continental Oil Co. No. 5-B Rowland; 798.1 1150 "' "' R.V. 667 2,046 1 0 2,712 5,426 Votaw surv. <:> 
!': 

R.V.% 12.29 37.71 .02 .00 49.98 100.00 .., 
"' 45 Mg/L 15,700 37 0 116,900 Continental Oil Co. No. 8 Rowland; 795 est. "' ------ ---- -------- "' R.V. 784 2,512 1 0 3,295 6,592 Chambliss surv. 

R.V.% 11.90 38.10 .02 .00 49.98 100.00 

46 Mg/L 13,550 6 0 101,200 Humble Oil & Rfg. Co. No. 4 Jones; 835.7 850 
R.V. 676 2,179 0 0 2,855 5,710 Donoho surv. 
R.V.% 11.83 38.17 .00 .00 50.00 100.00 

47 Mg/L 16,060 65 200 120,400 Pure Oil Co. No. 6 Loy; Donoho surv. 780 
R.V. 802 2,601 l 4 3,398 6,806 
R.V.% 11.78 38.22 .02 .06 49.92 100.00 

48 Mg/L 13,120 35 0 99,200 Pure Oil Co. No. 5 Maddox; Arnold surv. 858 937 
R.V. 655 2,144 l 0 2,798 5,598 
R.V.% 11.70 38.30 .02 .00 49.98 100.00 

49 Mg/L 13,920 11 110 104,700 The Texas Co. No. 2 Hinton; Coats surv. 759.4 780 
R.V. 695 2,257 0 2 2,950 5,904 
R.V.% 11.76 38.24 .00 .03 49.97 100.00 

t 
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Table 8. Analyses of miscellaneous oil field waters, central and north·central Texas. 

Sample No. Ca Mg Na HCO, so. Cl Total Name and location of well 

CRETACEOUS SERPENTINE \VATERS 
Caldwell County 

"'-3 
34 Mg/L 924 45 5,940 87 527 10,470 17,993 Humble Oil & Rfg. Co. lease in ;:,-

R.V. 46.l 3.7 258.1 1.4 11.0 295.5 615.8 Lytton Springs field "' 
R.V.% 7.49 .60 41.91 .23 1.78 47.99 100.00 ~ ;:; 

Travis County <;· 
"' 76 Mg/L 828 24 5,400 88 698 9,290 16,328 Alton et al. No. 2 Smith 
... 
"' R.V. 41.3 2.0 234.6 1.4 14.5 262.0 555.8 ~· 

R.V.% 7.43 .36 42.21 .25 2.61 47.14 100.00 0 -PENNSYLVANIAN \V ATERS "'-3 
Motley County (Cisco group) MgandNa ~ 

50 Mg/L 6,600 104 800 58,400 The Texas Co. No. 6 Matador "' "' R.V. 329 1,337 2 17 1,647 3,332 "l:1 
R.V.% 9.89 40.11 .06 .51 49.43 100.00 !:: 

g: 
Eastland County {Lake sand) 1>' 

37 ~fL 14,040 2,184 47,100 12 134 103,800 167,270 Lone Star Gas Co. No. 1 Tomlin a 
702 180 2,048 0 3 2,927 5,860 15· 

;:; 
R.V.% 11.97 3.07 34.96 .00 .05 49.95 100.00 

'.<! 
Young County (lower part of Pennsylvanian) Mg and Na ~ 

145 Mg/L 3,680 202 1,050 58,000 Stovall Fee No. 12 >!>. c., 
R.V. 184 1,447 3 22 1,636 3,322 <::::> 
R.V.% 5.53 44.47 .09 .61 49.30 100.00 ...... 

Palo Pinto County (top of Marble Falls) 
65 Mg/L 6,800 1,268 31,400 70 37 64,200 103,775 Lone Star Gas Co. No. 1 Allen; 

R.V. 339 104 1,369 l 1 1,810 3,624 Brooks surv. 
R.V.% 9.32 2.86 37.82 .03 .03 49.94 100.00 



EtLENBURGER '\VATERS 
Throckmorton County 

75 Mg/L 5,100 1,066 34,800 86 906 65,100 107,058 Swenson Oil & Gas Co. No. 1 
R.V. 255 88 1,513 1 19 1,836 3,712 Swenson Land & Cattle Co.; r R.V.% 6.88 2.37 40.75 .03 .51 49.46 100.00 B. B. B. & C. RR. surv., sec. 173 

Eastland County 
35• Mg/L 1,851 422 24,500 .24 379 42,000 69,176 S. A. Hopkins et al. No. 1 Davis; a:: 

R.V. 92 35 1,068 0 8 1,187 2,390 H. & T. C. RR. surv., blk. 4, ;; · 
R.V.% 3.85 1.46 44.69 .00 .33 49.67 100.00 sec. 54 " ... 

"' CAMBRIAN '\V ATER 
.... 
~ 

Eastland County " "" 36* Mg/L 6,508 526 37,200 44 772 69,750 114,800 S. A. Hopkins et al. No. 1 Davis; c 
!:: 

R.V. 325 43 1,617 1 16 1,968 3,970 H. & T. C. RR. surv., blk. 4, ... 
" R.V.% 8.19 1.08 40.73 .03 .40 49.57 100.00 sec. 54 " "" 

•Analyae1 furnished by S. A. Hopkins. 

~ ..... 



.:.> 
Table 9. Analyses of medicinal and near surface waters of Palo Pinto County, Texas. 

(Jl 
NI 

Sample No. Ca Mg Na HCO, so. Cl Total Remarks 

51* Mg/L 246 233 1,016 516 2,981 182 5,174 Mild water, Baker Hotel well. 
R.V. 12.30 19.17 44.13 8.47 62.00 5.13 151.20 
R.V.% 8.14 12.68 29.18 5.61 41.00 3.39 100.00 

52• Mg/ L 103 62 2,041 423 3,075 997 6,701 Medium water, Baker Hotel, 2 
R.V. 5.15 5.10 88.72 6.95 63.90 28.12 197.94 wells, NW 2nd Ave., between ""l 
R.V.% 2.61 2.58 44.81 3.51 32.29 14.20 100.00 12th and 13th. ;:>< 

Cb 

53• Mg/L 66 39 1,663 454 3,087 255 5,564 Baker Hotel well, east of Lake c:::: 
R.V. 3.30 3.21 72.43 7.45 64.30 7.19 157.88 Pinto. ;:i 

R.V.% 2.09 2.03 45.88 4.72 40.74 4.54 100.00 :;· 
Cb 

54 Mg/L 24 13 720 426 42 912 2,137 Boy Scout No. 1 water well. 
., 
"' R.V. 1.20 1.07 31.30 6.99 .87 25.71 67.14 ~· 

R.V.% 1.79 1.59 46.61 10.42 1.29 38.29 100.00 
<:> 

55* Mg/L 20 18 177 309 88 116 728 Reliance brick plant. -
R.V. 1.00 1.48 7.69 5.07 1.83 3.27 20.34 ""l 
R.V.% 4.93 7.14 37.95 24.95 8.95 16.10 100.00 ~ 

56 Mg/ L 134 41 36 269 206 104 790 Caviness water well. 
£l 

R.V. 6.70 3.37 1.55 4.41 4.28 2.93 23.24 "t:I 
R.V.% 28.84 14.49 6.67 18.92 18.47 12.61 100.00 

!= 
g: 

57• Mg/L 25 13 139 332 63 58 630 Mineral Well Country Club well. 1'' 
R.V. 1.25 1.07 6.08 5.45 1.31 1.64 16.80 ~ 

R.V.% 7.44 6.37 36.19 32.45 7.80 9.75 100.00 s· ., 
58* Mg/L 386 394 1,453 639 4,461 410 7,743 New well at Crazy Crystal plant. :.;;;: 

R.V. 19.28 32.40 63.17 10.48 92.80 11.57 229.70 ~ 
R.V.% 8.40 14.12 27.48 4.54 40.43 5.03 100.00 

~ 59• Mg/L 270 256 843 490 2,720 271 4,850 Old well at Crazy Crystal plant. <::> 
R.V. 13.50 21.07 36.71 8.04 55.60 7.64 142.56 ...... 
R.V.% 9.45 14.83 25.72 5.64 39.00 5.36 100.00 

60* Mg/ L 43 16 152 297 48 150 706 Deep well of Crazy Water Co. 
R.V. 2.15 1.33 6.62 4.87 1.00 4.23 20.20 
R.V.% 10.65 6.58 32.77 24.13 4.96 20.91 100.00 

61 Mg/ L 182 172 1,074 344 2,917 128 4,817 "Crazy Water," Crazy Water Co. 
R.V. 9.09 14.15 46.66 5.64 60.65 3.61 139.80 
R.V.% 6.50 10.12 33.38 4.04 43.39 2.57 100.00 

•Analyses publi shed. See Plummer, F. B., and Hornberger, Joaeph, The Geology of Palo Pinto County: Univ. Texas Bull . 3534, 1935. 



62" Mg/L 108 77 l,836 44.5 3,465 434 6,365 "Crazy Water," Crazy Water Co. 
R.V. 5.39 6.34 79.84 7.30 72.03 12.24 183.14 
R.V.% 2.93 3.46 43.61 3.88 39.44 6.68 100.00 

63 Mg/L 184 47 54 402 177 181 1,045 B. M. Hodges water well. 
R.V. 9.19 3.86 2.34 6.60 3.68 5.11 30.78 
R.V.% 29.86 12.55 7.59 21.45 11.96 16.59 100.00 

64 Mg/L 202 89 2,338 357 4,306 840 8,132 Loveless water well. 
R.V. 10.09 7.32 101.78 5.86 89.65 23.68 238.38 
R.V.% 4.24 3.06 42.70 2.46 37.60 9.94 100.00 

66* Mg/L 96 18 49 188 67 125 534 Metz Bros. No. 2 Camp. 
R.V. 4.80 1.48 1.72 3.08 1.40 3.52 16.00 
R.V.% 30.00 9.25 10.75 19.25 8.75 22.00 100.00 

67* Mg/ L 119 30 43 232 119 142 685 Metz Bros. No. 1 Camp. 
R.V. 5.94 2.47 1.88 3.81 2.47 4.01 20.58 ""3 
R.V.% 28.86 12.00 9.14 18.50 12.00 19.50 100.00 ~ 

68 Mg/L 8,130 2,410 2,740 11 33,848 679 47,818 Geo. Simms water well. ~ 
R.V. 406.0 198.l 119.2 .2 704.0 19.1 1446.6 ~ 
R.V.% 28.05 13.70 8.25 .14 48.54 1.32 100.00 ;;· 

69" Mg/L 1,630 8,419 Dr. J. W. Taylor water well. "' 287 193 2,266 301 3,742 ... 
R.V. 14°.34 15.88 98.47 4.94 77.80 45.95 257.38 ~ 
R.V.% 5.58 6.17 38.25 1.91 30.22 17.87 100.00 ::i:i 

Watson water well. "' 70 Mg/L 17 15 288 488 57 192 1,057 "' c 
R.V. .85 1.23 12.52 8.00 1.19 5.41 29.20 ;:: 
R.V.% 2.91 4.21 42.88 27.39 4.08 18.53 100.00 

... 
(') 

"' 71 • Mg/L 244 26 433 305 261 808 2,077 Webster water well. "' 
R.V. 12.20 2.14 18.87 5.00 5.43 22.78 66.42 
R.V.% 18.36 3.22 28.42 7.53 8.18 34.29 100.00 

72 Mg/ L 199 66 83 363 248 278 1,237 White water well. 
R.V. 9.93 5.43 3.59 5.95 5.16 7.84 37.90 
R.V.% 26.18 14.33 9.49 15.69 13.62 20.69 100.00 

73 Mg/L 106 69 716 600 1,093 338 2,922 Yell well; without pumping~ 
R.V. 5.29 5.68 31.13 9.85 22.72 9.53 84.20 Oran, Texas. 
R.V.% 6.29 6.76 36.95 11.69 26.97 11.34 100.00 

74 Mg/L 111 69 714 589 1,107 338 2,928 Yell well; with pumping before 
R.V. 5.54 5.68 31.02 9.66 23.05 9.53 84.48 sampling. 
R.V.% 6.57 6.74 36.69 11.44 27.28 11.28 100.00 

•Analyses published. See Plummer, F. B., and Hornberger, Joseph, The Geology of Palo Pinto County: Univ. Texas Bull. 3534, 1935, ~ 
CJl 
~ 
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Table JO. List of wells from which water samples were analyzed arranged by company and well name. 

Company and well name County 

Alberts farm well-············-··-----··-··-················-······- Young ..................... . 
Alton et al. No. 2 Smith ................................................ ______ Travis ..................... . 
Apple & Brandeberry, 5 wells on Meade farm .............. -.Archer ................... . 
Baker Hotel mineral water well, Mineral W ells .............. Palo Pinto ........... . 
Barnsdall No. 12 L. F. Wilson ......................................... -Archer ..................... . 

No. A-16 T. B. Wilson ...................................... _ ........... -Archer ................... . 
Several wells on Wolf farm ···············-··················--·····-Archer ··············-···· 

Boy Scout No. 1 water well, Mineral Wells.·-····-····--- Palo Pinto ........ ..... . 
Bridwell & Hydrick No. 3 McGaughey ...................... ---Montague ............... . 
Bridwell, Hydrick & Continental Oil Co. No. 1 Cun-

ningham -------···---·--················· ·········----Montague ............... . 
Cable Oil Co. No. 8 Snyder ..... ·--·····················--·----Young ..................... . 
C. W. Carey Nos. 1 and 2 L. H. Farmer ........... --------Archer ................... . 
Caviness water well, Mineral Wells ................ ----------·-···· Palo Pinto ............. . 
Continental Oil Co. No. 4 Abercrombie & Taylor .......... Areher ..................... . 

No. 11 Campbell __________ __________ _______________________________ Young .................... . 
No. 6 Hamilton ---·-·························------·-·······--·----Archer ................... . 
Nos. C-1 and 2 Howard ... ---············--·-··············-······---Montague ............... . 
No. 4 Howard ----·-·························-········---··········-····--Montague ............... . 
No. 13 Howard---····-··-··- ···----------------Montague ............... . 
No. 5-B Maddox---·······-----------·············----Montague ............... . 
No. 11 Oldham ----····------------·········--·········· ·- Archer ······-···--·-··· 

~~: :·::~9:~i:ci·-~~;i=::=::::::::=:::::::::::::=::=:::::===~fc~:;~~--::=:::::::::::: 
No. 3 Turbeville (Cl only).._ ................................. - ---Archer ·········--······ 
No. 6 Turbeville (Cl only). ______ ........................ ---Archer ····--·-······· 
No. 18 Turbeville (Cl only >----------------------Archer ---------···· 
No. E-15 Waggoner·-·······----······---------------------Wicbita -·-·······-···· 
No. 4 Zipperle --------------- ----------Wilbarger ------------

Crazy Crystal mineral water well, Mineral Wells ..... -Palo Pinto _ ______ _ 
Darby Petroleum Co. No. 8 Julian Larrimore .... - .. -----Young - -------------
Empire No. 7 Stephens ............... ----········-------------------Wilbarger -······-----

No. 24 Stephens ----·----------------------Wilbarger --------
No. 27 Stephens ----···················-·····-············------Wilbarger------ ······· 
No. B-8 Waggoner--·········--····-······-··········-------Wilbarger ········-····· 

Fain-McGaha No. A-8 Harmel (0 only). ........... ------Archer _ ................ . 
No. A-9 Harmel (Cl only).._ ......... ---···············--·····----Archer ···· ····· ·····-···· 
No. B-3 Harmel (Cl only> ---····-···-··········------Archer ············-······ 
No. C-15 Harmel (Cl only). ... ----······-····-····----Archer ····-·············· 
No. L-1 Waggoner --········-----·················· Wilbarger -·············· 
No. S-12 Waggoner -············-······-···············-···----Wilbarger ............... . 

Fresno & Gifford No. 4 Prideaux ·························------Archer ········-··--····· 
Gates, Bacon & Lea No. 11 Thomas .... -------------------Archer ................... . 
Gulf Production Co. No. 3 Griffin (Cl only). _______ Archer ········------

No. 3 Hutchinson (Power BankingL--------····---Archer ··············-··· 
C No. 3 McCrory (Trusteel --- -------------------Archer - --------·--···· 
No. 7 Nichols ----···········-----······-··------Archer ····-----------

Hemisphere Oil Corp. No. 6 Waggoner .. ·-······-----Wilbarger ---------
No. 15 Waggoner -·······-··············-···-··-············---Wilbarger······-····
No. H-1 Waggoner --·-·····--·-·--·-·······--·-······------Wilbarger-------
No. H-8 Waggoner ---------------- -Wilbarger ----------

B. N. Hodges water well, Mineral Wells·-·-····----Palo Pinto -------· 
Hoggard water well. ___________________________________________________ y oung ····-············-·· 
S. A. Hopkins et al. No. 1 Davis .. ---······------------Eastland -------··-···· 
Humble Oil & Refining Co. No. 6 Castleberry ..... - --Wilbarger ·····-····-·· 

No. 20 Castleberry --·············-································---Wilbarger ······-········ 
No. 14 Douglas ---···········································-----Wichita ----------
No. 4 Jones ------------------------------Montague····-········ 
No. G-5 Waggoner - --····-----------·-·············---------Wilbarger-----------
No. N-2 Waggoner -·················-·················-··-----Wilbarger········-······ 
Lease in Lytton Springs field ······-······-······- ·····----Caldwell -------------

Kleiner H-Y No. A-15 Langston ...... ·-······-··------Young ---- ······-····-
C. F. Kolp No. B-4 Waggoner... ...... ---···-····---------Wilbarger -----------
Lee & Brasher No. 3-A Jeffrey ___________________ ___ Young --·····------

Sample 
No. 
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1 

51-53 
2 
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4 

54 
39 

38 
133 
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56 
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99 
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9 
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13 
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46 
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Table 10. list of wells from which water samples were analyzed arranged by company and well name. 
-Continued. 

Company and well name County 

Lone Star Gas Co. No. 1 Ailen _____ ________________________________ Palo Pinto 

No. 1 Tomlin --------------------------------------------------------------Eastland ------------------
Loveless water well, Mineral W ells __ ____________ _________________ Palo Pinto ___________ _ 
Magnolia Petroleum Co. No. 34 Allen _______________________________ Wichita --·-------------- ---

No. 8 Burnett Ranch ___ _________________ _____ _____________________ Wichita ------------------

No. 1 Coffield ------------------------------------------------- __ Archer --------------------
No. 1 Fortwood (Cl only) ________________________________________ Archer -------------------
No. 11 Fortwood (Cl only) ________________________ _________________ Archer --------------------
No. 5 H. & T. C, ___________ ____ ___________________________________________ Wilbarger ----------------

No. 41 Honaker -----------------·-------------------------------------------Wichita ------------------
No. 12 Maer & Staniforth _______ _____ ____ ___ ___________________________ Wichita --------------------
No. 45 Putnam ----------------------------- --------------------------------Wichita ------------------
No. 13 Rio Bravo ________ ________________ __________________ __ ____ _____________ Wichita ------------------
No. 1 J. F. Rogers (Cl only) ------------------------------------ ___ __ __ Archer _______ -----------
No. 15 Kate Rogers (Cl only) ____________ __________________ _________ Archer --------------------
No. 4 H. Waggoner ______ _________________________________ ________________ Wichita -------------------
No. 11 W. T. Waggoner__ ___ -------------------------------------------_Wichita ---- -- ---------- -- ·-
No. 5 Wallet (Cl only) ---------------------------------------------------- Archer ____________ _______ _ 

Magnolia Petroleum Co. & Section 2 Oil Co. 
No. 4 Burnett ----------------------------------------------------------------Wichita -------------------

Marland Oil Co. No. A-6 Ward _________ ____ _______________________ Archer --------···-··------
Massie No. 8 Bond ·-·-----------------------------------------------· Wilbarger --------------
Metz Bros. Nos. 1 and 2 Camp water well, Mineral 

Wells -----------------------------------------------------Palo Pinto _______ ____ _ 
Mineral Wells Country Club well___ __________________________________ ___ Palo Pinto ------·-----
Pandem No. 7 Hudson ------------·-·------------------·----------------Archer ---------------·----
Panhandle No. A-1 W. R. Farmer ____ ________________________________ Archer ---- -·--·-----------

No. 6 Matthew$ ---- --- --------------------------------------------------- ___ ____ Young --------- -----------
Perkins et al. No. 11 Dunegan ________ ____________________________________ Young --------------------
Petroleum Producers No. A-4 Dill___ ______________________________ Wilbarger -- --------------

No. 1 Turbeville (Cl only) ----------------------- ______________ _____ Archer --------------------
No. 2 Turbeville (Cl only) ----------------·------ ------- --·----------Archer 
No. 5 Turbeville (Cl only)_ _______ ________________________________ Archer --------- -----------
No. 6 Turbeville (Cl only) -----------------------------------------Archer ------- -------------
No. 7 Turbeville (Cl only)_ ___ ____________________________________ Archer -------------- -- ----
No. C-5 Turbeville ·--------------------------------------- ______ ___ .Archer --------------------

Phillips Petroleum Co. No. A-1 Waggoner ___ _____________________ Wilbarger ----------------
No. A-9 Waggoner -------------------- ---------------------------------------Wilbarger --------------- 
No. A-15 Waggoner -----·------------------------------ --------------Wilbarger -- --------------
No. BBB-1 Waggoner ---- -------------------------------------· -··- ______ Wilbarger ----------------
No. MM-1 Waggoner ------- ----------------------------------- ___ ________ Wilbarger ----------------
No. SS-2 Waggoner -------------------------------------------- __________ Wilbarger ----------------
No. T-19 Waggoner --------------------------------------- - -----Wilbarger ----------------

Pilkerton (MacGregor) No. 4 Llewellyn _________________________ Archer --------------------
Prairie Oil & Gas Co. No. 1 Krager _________________________ __ ________ Archer ----------- ----- ---
Pure Oil Co. No. 6 LOY------------------ ---------- ----------------------- Montague ----------------

No. 5 Maddox ------------------------------------------------------ _______ Montague ----------------
Rathke A-lease Hater (Cl only)--------------------------------·· ____ Archer ------ --------------
Reliance Brick plant well, Mineral Wells ______ _____________ _____ __ Palo Pinto ------------

~~~i:18 N~'.1 ?ca~h~y~~-~~=~~~:::::::::: :::=::::::=:::=:=::=:::::::-~::~~~~: :::::::::::::::::::::: 
Roxana Petroleum Co. No. 4-A Abercrombie ____________ _____ Archer --------------------
Shappell Oil Co. No. 1 Turbeville (Cl only) ________ ______ ___ Archer --------------------

No. 3 Turbeville (Cl only) ________________________________ Archer --------------------
No. 4 Turbeville (Cl only)_ ______________________________ Archer --------------------

Sheldon & Everts No. 2 Volkart___ ___ __ _________ ________ __ ________ _______ Wichita ----- ------ -------
Simms Oil Co. No. B-3 Carpenter__ __________________________________ __ Young ---------- ------------

No. 4 Chilson ----------- -------- -------------------------------------------Wichita --------------------
Ne. 6 Turbeville (Cl only) ________________________________ _____________ Archer ------------ --------
No. 7 Turbeville (Cl only >---------------------------------------------Archer --------------------
No. 8 Turbeville (Cl only) ---------- _____ __ ________ ----------- ______ Archer - ------------------
No. 9 Turbeville (Cl only) ---------------------------------------------Archer ___ ----------------
No. 10 Turbeville (Cl only) ---- ---- ---------------------------·---- ---Archer --------------------
No. 13 Turbeville (Cl only) _______________________ _______ ______ ______ Archer --------------------

Sample 
No. 

65 
37 
64 
79 
80 
14 

185 
184 
llO 
82 
83 
84 
85 

196 
198 
81 
87 

197 

86 
15 

Ill 

66--67 
57 
16 
17 

139 
140 
ll2 
179 
178 
177 
176 
175 

18 
113-114 
115-ll7 
118-ll9 

120 
121 
122 
123 
19 
20 
47 
48 

183 
55 

141 
142 

21 
180 
181 
182 
88 

143 
89 

173 
172 
170 
169 
171 
174 

Table Page 

8 350 
8 350 
9 353 
4 338 
4 339 
4 336 
5 344 
5 344 
4 340 
4 338 
4 339 
4 340 
4 340 
5 344 
5 344 
4 339 
4 339 
5 344 

4 339 
4 336 
6 346 

9 353 
9 352 
4 336 
4 337 
4, 342 
4 342 
6 347 
5 344 
.'i 344 
5 344 
5 344 
5 344 
4 337 
6 346, 348 
6 345 
6 346 
4 340 
6 347 
6 348 
6 348 
4 337 
4 337 
7 349 
7 349 
5 344 
9 352 
4 342 
4 342 
4 337 
5 344 
5 344 
5 344 
4 339 
4 342 
4 339 
5 344 
5 344 
5 344 
5 344 
5 344 
5 344 
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Table 10. List of wells from which water samples were analyzed arranged by company and well name. 
-Continued. 

Sample 
Company and well name County No. Table Page 

No. 19 Turbeville (Cl only) ···-··-··-·······-···-····-···--·---··---Archer .................. .. 168 5 344 
Geo. Simms water well, Mineral W ells .. ________________ Palo Pinto --·------ 68 9 353 

144 4 342 
192 5 344 

Smith water well -------- ·- ------------·------------------------Young ------------------
E. L. Smith Oil Co. No. 1 Brom (Cl only ) ...................... Archer ------------------

No. 2 Brom (Cl only) _______ ___ ............... _____ ...Archer ---··------------ 188 5 344 
No. 3 Brom (Cl only) _ ______ _ _ _ _____ _________ ...Archer ................... . 189 5 344 
No. 4 Brom (Cl onlyL. ............ - ------------------ ---Archer --·---------------- 187 5 344 
No. 6 Brom (Cl only) __________ _________ Archer ------- 186 5 344 
No. 10 Brom (Cl only) --·------------ ----------------------Archer .................. .. 190 5 344 
No. 13 Brom (Cl only) --------- ---·- ·- ---·- ----------A rcher .................. . 191 5 344 
No. 8 Cowen -------------- ---------- ·-·----- - - --- -------- Archer ................... . 22 4 337 

124 6 346 
12.5 6 348 
145 8 350 

Southwest Royalty Co. No. 2 Waggoner.. _____ . ______ ____ .... Wilbarger ____ ........... . 
No. 3 Waggoner ------------------- -------- ------------....... 'IVilbarger ...... ........ .. 

Stovall Fee No. 12 .................................... ----- ------------- ----- Young --------------------
Swenson Oil & Gas Co. No. 1 Swenson Land & Cat-

tle Co ........ __________________________ ______ _______________ ___ ............ Throckmorton ....... . 75 8 351 
Dr. J . W. Taylor water well, Mineral Wells ...................... Palo Pinto .......... .. 69 9 353 
The Texas Co. No. 39 Bickley ............................................. Wichita .... ............ .. 90 4 340 

No. 1 Carter ............... - ...................... ___________ ..................... Archer ................... . 23 4 337 
No. 9 Carter ---------------------·- ----------·- ------ ------ - ----------.'\rcher ................... . 24 4 355 
No. 6 Chance .................................. ----------------------------Archer ................. .. 25 4 337 

146 4 342 
26 4 337 

No. 18 Gambrell .......................... ------------------Young .................... .. 
No. 3 Hayter -----------------------------------------------------·----Archer ................... . 
No. 16 Hill (Cl only >-------------·----------------·----·------Archer .................. .. 194 5 344 
No. 20 Hill (Cl only) ........................................................ Archer .................. .. 193 5 344 
No. 21 Hill (Cl only) . ____________________________________ Archer ................... . 195 5 344 

49 7 349 
27 4 337 ~~: ~ r::;n & --iC~;;;p-~~~:~-=--~::::~-:::===~-.:::::::===:=:~r~h~rgu~ .... :::::::::::::: 

No. 6 Matador __________ ..................... __ ____________________ ........ Motley ................... . 50 8 350 
No. 3 Parish .................................................. --------------------Archer .................. .. 28 4 338 
No. 1 Pollei --- ----------------------------------------·----·--------------- Archer .................. .. 29 4 338 
No. 23 Richardson .............................................................. Archer .................. .. 30 4 338 
No. 6 M. E. Rogers .................................. - ...... .... _____ ....... Archer ................... . 31 4 338 

147 4 342 
159 5 344 ~~: ~ .f ~i;:~~1i~---(ci---~~i:Y»~=::::::=:::::::::::::: :::::=:::=:=::::::X~~h1! --:::::::::::::::::::: 

No. 4 Turbeville (Cl only).. ........................................... Archer .................. .. 158 5 344 
No. 6 Turbeville (Cl only) .............................................. Archer .................. .. 160 5 344 
No. 7 Turbeville (Cl only) .............................................. Archer .................. .. 157 5 344 
No. 8 Turbeville (Cl only) .............................................. Archer .................. .. 163 5 344 
No. 9 Turbeville (Blk. 142). ...... - .................. - ................ Archer .................. .. 32 4 338 
No. 9 Turbeville (Sec. 172 ) (Cl only ) .......................... Archer .................. .. 154 5 344 
No. 11 Turbeville (Cl only) .............. ------ ---------------Archer ................... . 156 5 344 
No. 13 Turbeville (Cl only) ............. -------·------------------ Archer .................... . 161 5 344 
No. 14 Turbeville (Cl only) -----------------------·--·------Archer .................. .. 155 5 344 
No. 15 Turbeville (Cl only) ------------------------------Archer ................... . 162 5 344 
No. 17 Waggoner ............. ...... - ........................................... Wichita ................ .. 91 4 340 

126 4 340 
92 4 340 

No. 174 Waggoner ................................................... --- ----Wilbarger ............. . 
No. 224 Waggoner .......................... ------ --------- -------------------Wichita ................ .. 
No. 232 Waggoner ............................................................... Wichita ................ .. 93 4 340 
No. 16 Wilson ............................... ---------------------------- ----Archer .. ................. . 33 4 338 

The Texas Co. and Wooten & Reed No. 1 Jordan .......... Young .................... .. 148-149 4 341-342 
150 4 343 
127 6 346 
128 6 348 

Tidal No. 5 Benson ....... ---------- --- ------------------·- --------------Young .................... .. 
Waggoner Estate Fee No. A-3 Waggoner.. ........................ WiJbarger ............. . 

No. P-2 W. T. Waggoner.. ............... --- ------------------------ ----Wilbarger 
No. P-5 W. T. Waggoner ...... --------- --- ------- ------- -- -- ------Wilbarger ... - ........ . 129 6 348 

130 6 348 
131 6 348 
70 9 353 

No. P-9 W. T. Waggoner... ............................. -----------------Wilbarger ............ .. 
No. P-11 W. T. Waggoner.. .............................................. Wilbarger ............ .. 

Watson water well, Mineral Wells.-------------------............. Palo Pinto .......... .. 
Webster water well, Mineral Wells .... ----------·--·--- ---------- Palo Pinto .......... .. 71 9 353 
White water well, Mineral Wells ...................................... .. Palo Pinto .......... .. 72 9 353 

151 4 343 
152 4 343 
153 4 343 

73-74 9 353 

Wolf No. 1 Hill ...... - ....... ------------------------------- - --------Young .................. .. 
Wolfe No. 6 Dunegan ..... --- ----------------·------ - ----Young ..................... . 
Wooten & Reed No. 2 Horton ...... ·-·-·------- ··-----------------Young .................... .. 
Yell well, Oran, Texas ... -------------------------------- --------------Palo Pinto ------------
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Table 11. Summary of water sample analyses 
arranged by counties. 

County and sample number 

Archer County 
1-33 -·-····------·······-------
154-203 (Chlorides only) __ _ _ 

Caldwell County 
34 -----------------------·--------·---

Eastland County 
35-37 --------- --------------------------

Montague County 
38-49 -------------- ------

Motley County 
50 ----·-··------------------------------

Palo Pinto County 
51-64 (Mineral and potable 

waters) ----------
65 ----------------------------
66--74 (Mineral and potable 

waters) ---------------------------
Throckmorton County 

75 ---------------------- ----------------
Travis County 

76 --------- ----------------------·-----
Wichita County 

77-93 - -----------
Wilbarger County 

94-109 -----------------------------------
110 -----------------------------------------
lll-ll9 -------------------·-· 
120 ----------------------------------
121-125 ----------------------------------
126 ---------------------------------------
1'1:7- 131 ---·----------------------------- --

young County 
132-144 ------------------------·----------
145 ------------------------------------------
146-153 -----------·-··--------------------

Table Page 

4 335-338 
5 344 

8 350 

8 350-351 

7 349 

8 350 

9 352-353 
8 350 

9 353 

8 351 

8 350 

4 338-340 

6 345-348 
4 340 
6 345-348 
4 340 
6 346-348 
4 340 
6 346,348 

4 341-342 
B 350 
4 341-343 

for migration to take place even though 
imperceptibly slow. Lithification of rocks 
seems to he a function of time under 
normal conditions, and for millions of 
years the rocks of the Pennsylyanian and 
the Permian were probably no more 
lithified than the Tertiary sediments of 
the Gulf coast. Much of the change in 
characteristics of the water of north-cen
tral Texas may have taken place during 
the first few million years after deposi
tion of the sediments while waters still 
could move with comparative freedom. 

Summary.-The oil field waters of 
north-central Texas, except those near the 
outcrop which have been diluted by 
meteoric waters, are highly concentrated 
brines ranging U]) to 6.6 times as concen
trated as ocean water. Concentration of 
normal ocean water could not produce 
waters of this type. It is thought that 
concentrated sodium chloride solutions 
derived from the salt deposits of the 
Permian basin have migrated along beds 
and across beds to the positions where 
they are now found. The present compo
sition of the water is explained by the 
mass effect of sodium replacing calcium 
and magnesium ih minerals having ex· 
changable bases. 





INDEX TO TEXAS MINERAL RESOURCES 

E. H. SELLIRDS AND GLEN L. EVA:'<S 

The mineral resources of Texas are 
varied and widely distributed. The geo
logic formations are of exceptional range 
in character and age, all of the great 
geologic systems being represented. i\ ot 
the surface formations alone, but those 
underground to a depth of 1 or 2 miles 
are yielding minera l wealth. The top
ographic and c limatic conditions afford 
favorab le opportunity for discovery and 
production of minerals. During the time 
in which records of production in the 
State have been preserved, mineral pro
duction values have increased at a re-

markably accelerated rate. The accom
panying table contains a list of the prin
cipal minera l substances making up total 
values of each of the six decades, 1882 
to 1941, shown in the chart on page 16. 
The number of kinds of minerals, min
eral substances, and mineral products be
ing utilized commercially in Texas as 
shown by this table has greatly increased 
since records have been preserved. This 
list does not include minerals and min
eral substances known to occur in Texas 
but so far not produced in commercial 
quantities. 

Table 1. Industrial minerals and mineral substances produced in Texas, 1882 through 1941, 
listed by decades. 

Asterisks and date indicate first sta ti~tical report on the mineral concerned, earlier product ion , 
if any, experimental or not recorded. 

1882- 1891 1892-1901 1902-Jnll 1912-1921 1922-1931 1932-1941 

46 
Asphaltic limestone 
Basalt 
Bleaching clay 

*Bromine '41 
Carbon black 
Carbon from 

lignite 
*Celestite '41 
Cement 
Clay 
Clay products 

30 Coal 
30 A~\lhaltic Copper 

Asphalt ic lmst. *Feldspar '41 
lmst. Basalt "Flint lin ing '41 

*Basalt '21 Bleaching *Flint pebbles 'H 
Bleaching clay *Fluor:::par ' 41 

clay *Carbon black Gas 
25 Cement ·2s c;old 

A~phaltic Clay *Carbon from Granite 
lmst. Clay lignite '22 Graphite 

*BleachinJ!' products Cement Gypsum 
clay '07 Coal Clay Helium 

Cement Copper Clay products Iron ore 
*Clay '05 Gas Coal Lead 
Clay products Gold Copper Lignite 

20 Coal Granite Gas Lime 
*Asphaltic Copper *Graphite '16 Gold Limestone 

lmst. '94 Gas Gypsum Granite *Magnesite '41 
Cement Gold *Helium '18 Graphite *Magnesium '41 
Clay Granite Iron ore Gypsum *Mag-nesium sulphate 

17 products Gypsum Lead Helium '41 
Cement Coal Iron ore Lignite Lead Mercury 
Clay products Copper *Lead '07 Lime Lignite Mineral water 
Coal *Gas '93 Lig-nite J, imestone Lime Nat . gas-
Copper Gold Lime Mercury Limestone gasoline 
Gold Granite Limestone Mineral water Mercury Oil 
Granite Gypsum Mercury *Nat. gas- Mineral water *Peat '41 
Gypsum Iron ore Mineral g-asoline '15 Nat. gas- *Rock wool "38 
Iron ore Lignite water Oil gasoline Salt 
Lign ite Lime Oil Salt Oil Sand and gravel 
Lime Limestone Salt Sand and Salt Sand-lime brick 
Limestone *Mercury '99 Sand and gravel Sand and Sandstone 
Mineral water Mineral water gravel Sand-lime gravel Silver 
Oil Oil *Sand-l ime brick Sand-lime *Sod ium sulphate 
Salt Salt brick '06 Sandstone brick '33 
Sandstone Sandstone Sandstone Silver Sandstone Sulphur 
Sand and gravel Sand and gravel Silver *Sulphur '13 Silver *Terrazzo '41 
Si lver Si lver Zinc '06 Zinc Sulphur •Volcanic ash '41 
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Certain defects exist in the available 
reports on mineral production. Thus, 
copper, although produced at an ea~ly 
date, was not regularly listed in statistics 
until 1906. Mineral water, which likewise 
has been produced from an early date, 
is not reported as to quantity produced 
and value after 1924. Gas production is 
incompletely reported and was not regu
larly recorded previous to 1900. Clay 
production as distinct from clay products 
was first reported in 1905. Graphite pro
duction is reported from 1916 to 1929, 
no production being reported from 19~9 
through 1940 except a small amount m 
1937. There was small production of zinc 
in 1906 and 1907 and larger production 
in 1912 and 1913, but no recorded pro
duction since 1913. Of some of the min
erals, such as celestite, fluorspar, and 
mercury, there was small early pro~uc
tion previous to the recorded producl!on. 
Although development of mercury de
posits began about 1896, mercu!Y. does n~t 
appear in the recorded stallsllcs until 
1899. Asphaltic limestone produced as 
early as 1894 was not regularly reported 
until about 1912. Helium production, 
which began in 1918, was not record~d 
until 1932. Caliche, extensively used m 
road construction, is not fully reported. 
Production of cannel coal is included with 
coal. Production records previous to 1882 
are imperfect and difficult to obtain. Cer· 
tain of the manufactured products such 
as activated carbon, carbon black, sand
lime brick, and terrazzo are not included 
in making up total values of minerals and 
mineral products. A few minerals pro
duced irregularly, experimentally, or in 
small quantities are not included in the 
table. Among these are barite, gem stones, 
greensand, manganese, marbl_e: mi~a, 
quartz, scheelite, serpentine, s1hca, tm, 
tripoli, and vermiculite. 

GEOGRAPHIC DISTRIBUTION OF MINERAL 
PRODUCTION 

The distribution in the State of the 
developed mineral resources other than 
oil and gas, based on value of minerals 
produced for the decade 1933-1942, is 
indicated on the accompanying map (Pl. 
XVIII). The distribution of oil and gas 
production for the year 1943 is shown in 
Plate XIX. 

STRUCTURAL CONDITIONS AFFECTING 
MINERAL OCCURRENCES 

In its structural relations, Texas is in
fluenced by two great mountain belts of 
continental extent the Cordilleran and 
the Appalachian. 'The Cordille~an moim· 
tain belt of the Trans-Pecos reg10n trends 
approximately north-south or northwest· 
southeast. The Appalachian folds, mostly 
buried in Texas under Cretaceous and 
later deposits, trend prevailingly north· 
east-southwest. The two systems of fold
ing intersect in the Marathon region of 
Trans-Pecos Texas. Much of the interior 
of Texas lies between tliese two structural 
trends and is influenced by both. With 
respect to structural condition, therefore, 
the State may be divided into three great 
regions: Trans-Pecos Texas; _in which the 
Cordilleran structural conditions predom
inate although Appalachian trends are 
pres;nt; the Coastal Plain region, in 
which Appalachian structural features are 
present in the deeply buried pre-Creta
ceous rocks, and the interior of the State 
lying between these belts an~ represent
ing the southwestern extens10n of t~e 
stable interior region of the North Amen
can continent. The structural features of 
the State can be fully understood only 
when viewed with respect to these major 
and other lesser structural influences 
affecting the continent as a whole or a 
large part of it. The accompanying map 
(fig. 87) will help to bring out these re· 
lationships. The structural features shown 
in Texas are as follows: 1, Van Horn 
dome; 2, Marathon dome; _3, Central 
Basin platform; 4, Llano uphft; 5, 1;led 
River Mountain complex, partly buned, 
including Amarillo uplift Wichita Moun· 
•ains, and Red River uplift; 6, Delaware 
basin; 7, Permian basin. The structural 
framework of the State has a very defi
nite relationship to mineral possibility. 

GEOLOGIC CONDITIONS AFFECTING 
MINERAL OCCURRENCES 

The geologic and structural conditions 
in Texas greatly influence mineral produc
tion. The most extensive exposures of the 
oldest of the Texas formations are in the 
Llano uplift in the central part of the 
State. This region is structurally a great 
dome, the top or cap of which has been 
removed by erosion, thus exposing the 
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Fig. 87. Map showing position of Texas with respect to the major structural features of the United States. 
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central core of pre-Cambrian formations. 
These ancient formations include intrusive 
igneous and such metamorphic rocks as 
gneisses, quartzites, and marbles. They are 
well mineralized and for this reason this 
region, including Llano County, a large 
part of Mason County, and parts of sev
eral adjoining counties, has long been 
known as the Central Mineral region of 
Texas and also as the Llano uplift (No. 1 
of the accompanying sketch map, fig. 88). 

SCALE 
._.._~'===='100._..,.'r>===lflO~ WLn 

Paleozoic formations which consist of 
sands, greensands, limestones, and dolo· 
mites (No. 2 of map) . The dolomite was 
produced, 1942 to 1944, as a source of 
magnesium in magnesium plants located 
at Austin, Texas, and at Lake Charles, 
Louisiana. Important water-bearing hori
zons are found in some of these forma
tions. Some contain building stone and 
disseminated lead minerals. These forma-

t 
N 

I 

Fig. 88. Map of Texas showing outcrop of some principal geologic formation groups. 
I, Pre-Cambrian of Llano region. 2, Older Paleozoic of Llano region. 3, Mi8sissippian of 
Llano region and Pennsylvanian of north-central Texas. 4, Permian of north-central Texas. 
5, Triassic. 6, Lower Cretaceous of Texas east of Pecos River. 7, Upper Cretaceous exclu
sive of Trans-Pecos Texas. 8, Early Tertiary of Gulf Coastal Plain. 9, Later Tertiary of 
Gulf Coastal Plain. IO, Pleistocene of Gulf Coastal Plain. II, Late Cenozoic of High Plains. 
12, Trans-Pecos Texas, not subdivided as to the geologic formation groups. 

The principal present mineral production 
in this region includes feldspar, graphite, 
magnesite, and building and monumental 
stone. 

Encircling the pre-Cambrian formations 
of the Llano uplift, and persisting to some 
extent as overlying remnants, are the early 

tions, deeply buried, underlie much of 
north and west Texas where some of them 
contain large oil and gas deposits. Forma
bons of equivalent age are found in Trans
Pecos Texas and in the Marathon uplift, 
the Van Hom region, the Solitario, Di
ablo Plateau, and Franklin Mountains. 
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Resting on the early Paleozoic rocks in 
the Llano region are the later Paleozoic 
formations (No. 3 of map). These forma
tions, like those in the early Paleozoic, dip 
away from the uplift. The Mississippian 
formations in the Llano region are of 
small areal extent. A large area of surface 
exposure of the Pennsylvanian formations 
lies north of the Llano region and there 
contains bituminous coal. To the west 
these formations pass underground and are 
encountered in drilling throughout much 
of north and west Texas. These formations 
contain important oil deposits and are 
the source of much of the oil produced in 
the many oil fields of north-central Texas. 

Formations of Permian age (No. 4) out
crop over a wide belt northwest of the 
Llano region, being spread throughout 
much of the north-central plains. These 
formations contain in their surface out
crop extensive deposits of gypsum, three 
plants manufacturing gypsum products be
ing located in this region. The Permian 
formations pass underground to the west 
to reappear in Trans-Pecos Texas and New 
Mexico where they likewise contain gyp
sum deposits. They are the source of ex
tensive oil and gas production particularly 
in the Permian basin of west Texas. They 
contain also evaporite deposits, including 
salt, anhydrite, and potash. 

At the foot of the High Plains are the 
outcropping margins of the Triassic for
mations (No. 5) which likewise dip west
ward, pass under the High Plains, and re
appear in Texas and New Mexico. These 
formations, consisting of clays, sands, and 
gravels, contain water and, at their out
crop, sand and gravel. 

The formations at the surface in the 
High Plains (No. 11) are chiefly of late 
Cenozoic age (Pliocene and Pleistocene). 
Some Cretaceous is present, particularly 
in the southern part of the High Plains. 
In the Panhandle region of the High 
Plains, Canadian River has cut through 
these later formations and has exposed 
Triassic and Permian deposits. Old lake 
deposits in the High Plains contain valu
able clay and volcanic ash deposits, some 
of which are being commercially utilized. 

From the Llano region in the central 
part of the State, the formations dip 
southeastward toward the Gulf of Mexico. 
The surface formations east of the Llano 
uplift are chiefly of Cretaceous and Ceno-

zoic age. Largely surrounding the Llano 
region, except to the northwest, are for
mations of Lower Cretaceous age (No. 6) . 
These formations formerly extended 
across the Llano uplift and beyond, far 
to the northwest where remnants still re
main. They now cover extensive areas in 
central Texas extending also into Trans
Pecos Texas. They contain glass sand, 
sand and gravel, celestite deposits, and 
extensive beds of limestone. Underground 
they contain important water reservoirs, 
notably in the Paluxy, Trinity, and Ed
wards formations. Dipping coastward un
der later formations, they are the source 
of important oil production as in the 
Luling oil field and in several of the oil 
fields of northeast Texas. 

Adjacent to the Lower Cretaceous on the 
east are deposits of Upper Cretaceous age 
(No. 7) forming a belt of surface outcrop 
through the State and extending westward 
into the Trans-Pecos region. These Upper 
Cretaceous formations contain one highly 
valuable water reservoir formation, the 
Woodbine sand. Adjacent to the Mexican 
border some of the formations contain 
bituminous coal deposits. Bentonitic clays 
are present at several horizons. These de
posits which dip eastward contain, under
ground, extensive deposits of oil, the great 
East Texas oil field production coming 
from the Woodbine sand of this series. 

Farther to the east the surface forma
tions are early Tertiary (No. 8). In their 
belt of surface outcrop these formations 
contain the extensive iron ore deposits of 
northeast Texas. They likewise contain 
lignite or brown coal, and near the Mexi
can border deposits of cannel coal. Ex
tensive clay beds of both refractory and 
bleaching grades are found in these forma
tions. Formations of this group yield an 
important part of the oil of the Gulf 
Coastal Plain. Some of the formations 
yield important supplies of water. 

The group of formations next to the 
east (No. 9) includes the remainder of the 
Tertiary series and is notable for the large 
amount of oil which it yields from its un
derground reservoirs. A large part of the 
production from the coastal oil belt is 
from formations of this upper Tertiary 
series. Important bleaching clay deposits 
are included within this series. 

Adjacent to the Gulf Coast are the latest 
of the formations of the geologic series, 
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those of the Pleistocene (No. 10). De· 
posits of this period likewise occur ex
tensively in Trans-Pecos Texas. These late 
geologic formations contain impor_t~nt 
water-bearing zones and large quantities 
of sand and gravel. 

Trans-Pecos Texas (No. 12) is a part of 
the Cordilleran belt of the North Ameri
can continent and presents distinctive 
geologic features, both structural and 
stratigraphic, separating it from the re
mainder of the State. The region contains 
much igneous rock. The geologic condi
tions in the Trans-Pecos region are too 
complicated for brief description, most of 
the geologic systems being represented. 
The structural trends are prevailingly 
northwest-southeast to north-south except 
in the Marathon region and Solitario up
lift, where the formations trend northeast
southwest. As in other mountain regions 
structural deformations are intense and 
the geologic conditions complex. Among 
minerals produced in Trans-Pecos Texas 
are cement, copper, fluorspar, gold, gyp
sum, lead, mercury, silver and stone. 

TEXAS INDUSTRIAL MINERALS AND 
MINERAL PRODUCTS 

In the following discussion, minerals 
and mineral products are listed alpha
betically. Several of the mineral groups 
which require special treatment are dis
cussed separately in this report. These are 
here referred to briefly, citation being 
made to the more complete discussion. 
The distribution of the mineral resources 
in the State is shown on a series of 
maps included in this volume, Plates 
XVIII-XXVIII, and on the accompany
ing mineral locality map of Texas, 
Plate I. 

Asbestos.-Amphibole asbestos occurs 
at several localities in serpentine rocks 
of pre-Cambrian age in southwestern 
Llano and northeastern Gillespie coun
ties. The deposits consist of groups of 
irregular veins and seams which in places 
form complicated braided patterns within 
the host rock. The width of the indi
vidual veins varies markedly within 
short distances in both horizontal and ver
tical directions. Unsuccessful attempts 
have been made to produce the asbestos, 
but prospecting work has not been ade
quate to determine the size and average 

grade of the deposits. Consequently, it 
is not possible to appraise the commer
cial possibilities of the several deposits. 

Asphalt.-Natural asphaltic limestones 
occur in extensive deposits in the Cre
taceous Anacacho formation in south
western Uvalde County and in several 
small deposits in Lower Cretaceous strata 
near Burnet in Burnet County. Large 
mining operations in Uvalde County pro
duce asphaltic limestone mainly for road
paving material. Asphaltic sandstones, 
not utilized at present, occur in Ander
son, Cooke, Montague, Nacogdoches, 
Zavala, and other counties. 

Barite.-Barite occurs at a number of 
localities in Texas. See "Barile deposits 
in Texas," pages 105-111 of this publica
tion. 

Basalt.-Intrusive masses of basalt and 
similar basic rocks occur along the Bal
cones fault zone from Travis County to 
Kinney County, being most abundant and 
best exposed in Uvalde County. In Brew
ster, Culberson, Presidio, and other Trans
Pecos counties, basaltic rocks occur both 
as intrusive and extrusive bodies. Basalt 
is extensively produced at Knippa, Uvalde 
County, for aggregate and road ballast. 

Bentonite.-See bleaching clay. 
Bismuth.-Bismuth occurs in associa

tion with molybdenum minerals and some 
gold in a pre-Cambrian pegmatite dike at 
the Kiam prospect on Honey Creek in 
Llano County. It was found also in small 
quantities in the old Heath gold prospect 
in that county. No bismuth has been pro
duced commercially in Texas. See "A bis
muth-molybdenum prospect (Kiam pros
pect) of Llano County, Texas, pages 911-
922, Univ. Texas Pub. 3945. 

Bleaching clay--Bleaching clay is a 
general term used to include bentonites, 
sub-bentonites, and fuller's earth which 
have natural bleaching powers or which 
can be acid treated or activated and made 
to possess bleaching powers. Both natural 
bleaching clays and activable clays occur 
at a number of localities in the upper 
Claiborne and other Tertiary horizons of 
the Coastal Plain region. Bleaching clays 
also occur in late geologic horizons on 
the High Plains and have been reported 
from Cretaceous strata in the Big Bend 
area of Trans-Pecos Texas_ Production of 
bleaching clays is being carried on in 
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Angelina, Briscoe, Fayet~e, Gonzales, 
Trinity, and Walker counties. Much of 
the bleaching clay is used in refining 
petroleum products, but large quantities 
are also used in refining cottonseed, soy
bean, and other vegetable oils. 

Brines.-Brines containing strong con
centration of mineral salts occur in a 
variety of geological conditions in widely 
separated areas of Texas. Important shal
low brine areas occur in the High Plains 
region. The brines, consisting mainly of 
sulphates and chlorides of sodium, mag
nesium, calcium, and potassium, occupy 
several horizons from the surface to as 
much as a hundred feet in depth. The 
shallow brines occur in late geologic de
posits in broad shallow basins usually 
occupied in part by one or more saline 
playas or alkali lakes. Surface and seep 
waters draining into the playas undergo 
rapid natural evaporation, resulting in 
the concentration of salts leached from 
soil and rocks of the drainage area. The 
playa brines are gradually absorbed by 
the shallow underlying aquifers. Lentic
ular crystal beds, consisting mainly of 
Glauber salt {sodium sulphate) and gyp
sum (calcium sulphate), which underlie 
some of the playas, were deposited from 
supersaturated solutions or by partial 
evaporation during former lake stages. 
Chemical plants utilizing shallow brines 
are located in Lynn, Terry, and Ward 
counties. (See sodium sulphate and mag
nesium sulphate.) 

Great reservoirs of brines are contained 
in porous strata of the Permian struc
tural basin. Waters which enter the syn
cline from both the east and west sides 
pass through saliferous deposits, and, 
mixina with other brines, become highly 
charg~d with salts of sodium, calcium, 
magnesium, potassium, and other elements. 
The Permian basin aquifers lie at con
siderable depth, which is probably the 
principal reason why serious effort has 
not yet been made to produce the brines 
for their valuable compounds. 

In Trans-Pecos Texas brines containing 
mainly common salt and gypsum occur at 
shallow depths in the Salt Flat basin of 
northern Culberson and Hudspeth coun
ties. Highly gypsiferous waters are com
mon in the Toyah basin of eastern Cul
berson County and parts of Reeves County 

where surface waters pass through the 
thick Permian Castile gypsum and sec
ondary gypsite deposits. In southern 
Texas brines containing sodium chloride, 
and probably other salts, occur in La Sal 
Vieja and Sal de! Rey in Willacy and 
Hidalgo counties. (See salt.) 

In the Coastal Plain local brine areas 
are known in the vicinity of some of the 
salt domes. In parts of eastern Texas, 
some moderately strong brines occur in 
saliferous Tertiary formations not related 
to salt domes. Salines and surface alkali 
crusts are developed at many places above 
the more shallow brine horizons. 

Bromine.-Bromine is being extracted 
from sea water at Freeport in Brazoria 
County. 

Building stone.-Building stone, includ
ing many varieties of igneous, metamor
phic, and sedimentary rocks, is widely dis
tributed in all parts of Texas except the 
coastal belt and in the High Plains region 
where it is comparatively rare. See "Build
ing stones of central Texas," Univ. Texas 
Pub. 4246. 

Burning clay.-Burning or refractory 
clays in Texas are of several grades and 
include those clays suitable to the manu
facture of ( 1) building brick, tile, pot
tery, and sintered clay ballast-3t:ch clays 
are common to all parts of Texas and are 
being developed in all the principal 
regions except the High Plains; (2) fire 
brick-highly refractory clays occur in 
the Eocene Wilcox formation of east 
Texas and are being developed in Chero
kee and Hopkins counties; (3) chinaware 
-some china clay occurs with lower 
grade kaolin in Jeff Davis and Real coun
ties, both localities having been worked 
experimentally. 

Caliche.- Caliche is an amorphous, po
rous material consisting principally of 
secondary calcium carbonate with varying 
amounts of sand, clay, gravel, or other 
elastic material. Widespread deposits of 
caliche occur as surface and near-surface 
beds and lenses in the arid and semi-arid 
parts of Texas, being particularly abun
dant in the High Plains region of west 
Texas and along the outcrop belt of the 
Pliocene Goliad formation in south Texas. 
Large quantities of caliche are produced 
from numerous localities. The most ex
tensive uses are for preparing the road 
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base for highway pavement and for. s~r
facing secondary roads; harder vanehes 
are in some places crushed for aggregate. 

Cannel coal.-Eocene cannel coal of bi; 
tuminous grade forms an extensive deposit 
in the southwestern part of the Coastal 
Plain in Webb County. Mining formerly 
carried on in the Santo Tomas field has 
been discontinued largely because the coal, 
as elsewhere in this region, was not able 
to compete as a fuel with oil and gas. 
The cannel coal having a high distillate 
yield, has poten'tial ;,alue as a. che?1ical 
raw material. See Eocene b1tummous 
cannel coal," pages 325-330, Univ. Texas 
Bull. 3401. 

Carbon.-Carbon in the form of carbon 
black is manufactured in large quantities 
from natural gas in a number of plants 
located mainly in the gas fields of the 
Panhandle and the southern Permian 
basin. Some three.fourths of the Nation's 
output of carbon black is derived from the 
Texas production. Carbon .is prod~ced 
from lignite at Marshall m Harrison 
County. See "Activated carbon from Texas 
lignite," Univ. Texas, Bureau Eco. Geol., 
Min. Res. Cir. 30. The lignite is burned 
and refined to produce activated carbon, 
which is used in various filtering processes. 
The naturally occurring carbons, coal and 
graphite, are discussed under their respec
tive headings. 

Celestite.-Celestite occurs as nodular 
deposits and as bedded or blanket replace· 
ment deposits in central and west-central 
Texas. See "Celestite deposits in Texas," 
pages 113-131 of this publication. 

Cement materials.-Cement materials 
occur abundantly in Texas. Cement is 
manufactured from limestone and clay in 
large quantities in plants located near 
Dallas, El Paso, Fort Worth, San Antonio, 
and Waco. Cement plants in Houston 
utilize local clays and oyster shells from 
coastal waters. A clay used in the manu
facture of white cement is obtained and 
shipped to Houston from a deposit in the 
Simsboro formation in Freestone County. 

Chalcedony.-Chalcedony, usually asso· 
ciated with common opal, occurs in notable 
quantities in the Catahoula, Frio, and other 
Tertiary formations of the Coastal Plain 
(see pp. 128-129, U.S. Geo!. Survey Prof. 
Paper 126) and also in lake deposits of 

the High Plains, particularly Shafter and 
Cedar lakes in Andrews and Gaines coun· 
ties. In both regions the chalcedony forms 
massive bodies and also occurs filling veins 
in the rock and as cementing material in 
sandstones. Chalcedony also occurs as 
nodules within vugs of basic lava flows 
in several localities of Trans·Pecos Texas. 

Chromite.-See ferroalloy metals. 
Clay.-Clay and shale are widespread 

in Texas, occurring abundantly in many 
geologic horizons. (See bleaching clay, 
burning clay, cement materials, drilling 
clay, and road clay.) 

Coal.-Bituminous coal of Pennsylva· 
nian age underlies large areas of north
central Texas including parts of Erath, 
Montague, Palo Pinto, Wise, and other 
counties. Production, formerly on a rela
tively large scale, has diminshed to a 
few small operations supplying local mar
kets. Bituminous coal of Cretaceous age 
occurs in several areas in Trans-Pecos 
Texas; mining formerly was carried on in 
the San Carlos coal field in Presidio 
County. Cretaceous bituminous coal also 
occurs in the vicinity of Eagle Pass in 
Maverick County; mining was carried on 
in the vicinity of Olmos for some years, 
but all the mines are now inactive. See 
cannel coal and lignite in this "Index" 
and "Review of coal production in Texas," 
pages 197-206 of this publication; also 
"Coal and lignite," pages 301-352, Univ. 
Texas Bull. 3401. 

Copper.-Copper deposits in Texas oc· 
cur in the Trans·Pecos region, in the north· 
central area of the Permian "red beds," 
and in the Llano region. Mining has been 
attempted at different times on some of 
the deposits in each region, but with the 
exception of some relatively small trial 
shipments, all the production to date has 
come from mines in the Van Horn-Alla
moore district of Culberson and Hudspeth 
counties. The total State production from 
1882 to 1942 has been approximately 
2,000,000 pounds of metallic copper. As 
compared to the production from the prin· 
cipal copper states, Texas' production has 
been relatively insignificant. The basis for 
interest in some of the Texas copper de
posits lies more in their possibilities as 
a source of future supplies than in their 
record for past production. 
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Copper deposits have been known in 
north-central Texas since 1852 when it was 
reported by Captain R. B. Marcy following 
his Red River expedition. The first re
ported production in the region was in 
1864 when a small amount of high-grade 
sulphide ore was mined in Archer 
County, a part of which is said to have 
been smelted for percussion caps used in 
the Confederate Army. (See p. !xii, Texas 
Geo!. Survey, 2d Ann. Rept.) Subsequent 
mining attempts have resulted in trial 
shipments of copper ore from Baylor, 
Clay, Foard, Hardeman, King, Knox, and 
Stonewall counties. The red bed copper 
is generally considered of sedimentary ori
gin. The copper minerals are mainly the 
sulphide, chalcocite, and the carbonates, 
malachite and azurite. The minerals are 
found as replacement of wood tissue and 
disseminated specks and nodules in sand
stones and clay. Many of the occurrences 
on which prospecting has been done are 
too small to have any possible economic 
value, but large deposits may exist within 
the region. 

Copper deposits are known in Burnet, 
Llano, and other counties of the Llano 
region. Mining attempts have been made 
at several localities, but no ore deposits 
of economic value have as yet been re
vealed. 

The principal copper deposits known in 
Trans-Pecos Texas lie in the Van Horn
Allamoore district of Culberson and Huds
peth counties. The main deposits lie 
in an area of deeply eroded pre-Cam
brian red sandstones and conglomerates, 
the Hazel formation, which stratigraphi
cally overlies the Allamoore formation of 
marmorized siliceous limestones and erup
tive rocks. In the southern and struc
turally highest part of the district the 
strata are intensely folded and faulted. 
Passing northward, the exposed strata are 
comparatively little disturbed except for 
faulting of undetermined displacement. 

Mining began in the Van Horn-Alla
moore district about 1885 and has con
tinued, with some periods of inactivity, 
since that time. The Hazel mine has 
yielded most of the copper and silver 
produced in the district. Other smaller 
mines which have produced include the 
Sancho Panza, Black Shaft, and Pecos. 
The Sancho Panza has been worked as an 

open pit on a shallow, gently dipping por
tion of an ore body. All other mines have 
been operated by shaft and tunnels. 

The ore bodies are roughly tabular in 
shape and stand almost vertical except 
in the southern part of the district where 
they have general northward dips from 
less than 10° to more than 70°. The sur
face expression of the several ore veins 
can be traced from a few hundred feet to 
three-fourths of a mile or more. Within 
the limits that they have been exposed in 
mining, the ore bodies pinch and swell 
to some extent in both vertical and hori
zontal directions. 

Most of the ore minerals exposed in 
the mines and prospects are in the oxidized 
zone and consist of sulphides and carbon
ates of copper with varying amounts of 
silver. Some complex ores containing 
copper, lead, zinc, and silver occur in 
veins along the east side of the Diablo 
escarpment. The ores are commonly highly 
siliceous, as the gangue is usually the 
sandstone host rock. Barite is a fairly 
common gangue mineral in the northern 
part of the district but is generally absent 
in the southern part. Most of the shallow 
ores contain from 2 to 5 per cent copper 
with small amounts of silver. Local high
grade pockets of oopper-silver ore have 
been found, particularly in the Hazel mine. 

On the basis of recent Bureau of Eco
nomic Geology studies the ore reserves 
in the Van Horn-Allamoore district are 
believed to be much larger than hereto
fore supposed. See "Progress report on 
copper investigation," Univ. Texas, Bur. 
Eco. Geo!., Min. Res. Cir. 24. Accurate 
estimates cannot be made, however, until 
much more information has been obtained 
on the underground extent and character 
of the different ore bodies. 

Past operations in the district have 
fluctuated with the rise and fall in price 
of copper and silver. Unless more profit
able concentrations of ore can be found 
or more economic methods for producing 
and concentrating the ore can he devised, 
similar fluctuations can be expected to re
sult from future changes in price level of 
the metals. Depletion of domestic sources 
and curtailment of cheap imported copper 
may in the future encourage large-scale 
operations in the district. 



368 The University of Texas Publication No. 4301 

Diatomite.-Diatomite, or diatomaceous 
earth, of fresh-water origin occurs in the 
late Tertiary and Pleistocene lacustrine 
deposits on the High Plains. No Texas dia
tomite has been produced. See "Diato
mite in the High Plains region of Texas," 
pages 239-243 of this publication. 

Dolomite.-Dolomite is widely distrib
uted in Texas except in the Coastal Plain 
and over the greater part of the High 
Plains. The dolomite occurs in beds of 
varying thickness and extent in rocks rang
ing from pre-Cambrian to Cretaceous in 
age. Dolomite, mined on a large scale 
from the Ellenburger formation in Burnet 
County, was used in the Austin plant of 
the International Minerals & Chemical Cor
poration and by the Mathieson Alkali 
Works, Lake Charles, Louisiana, as an ore 
of magnesium. The quantity of dolomite 
available is large. 

Drilling clay.-Drilling clay, a use 
classification for various grades of clay 
mostly of bentonitic type, used for rotary 
drilling fluid, is widely distributed and 
is produced from many counties. 

Evaporites.-Evaporites, including rock 
salt, anhydrite, potassium minerals, and 
other similar compounds, occur extensively 
in Permian deposits which underlie the 
greater part of the High Plains and parts 
of adjacent regions. The evaporite com
pounds of west Texas are not being pro
duced, although potash is mined exten
sively near Carlsbad, New Mexico. Salt, 
anhydrite, and gypsum occur in the salt 
domes of the Gulf Coastal Plain. These 
minerals are considered separately. (See 
brines.) 

Feldspar.-Feldspar occurs in pre-Cam
brian formations in parts of the Llano 
and Trans-Pecos regions. Microcline feld
spar has been produced from pegma
tite dikes near Buchanan Lake in Llano 
County and in the Van Hom Mountains 
in Culberson County. The Llano feldspar 
is used chiefly in ceramics and glassware, 
mostly in Mexico. A large number of 
pegmatite dikes in the area south of 
Kingsland, Llano County, contain very 
light-colored feldspar, some of which is 
microcline and the rest albite. Many of 
these dikes are of sufficient size to he 
mined. The largest potential source of 
feldspar is in disintegrated granites which 

are abundant in Burnet and Llano coun
ties. The heneficiation of these weathered 
granites has not been investigated. Such 
studies should be made since an unlimited 
supply of disintegrated granite is situated 
along existing railroads, power lines, and 
water supply. See "Feldspar in the Central 
Mineral Region of Texas," pages 93-104, 
and "Mineral abrasive and polishing ma
terials in Texas," pages 245-248 of this 
publication. 

F erroalloy metals (chromium, manga
nese, molybdenum, tungsten}.-Chromium 
is a metal used principally as a ferroalloy 
but also for refractory and chemical pur
poses. Rhodesia, Russia, and Turkey are 
the principal producing countries. Impor
tant quantities are produced from the 
Philippine Islands, the only United States 
possession containing appreciable amounts 
of metallurgical grade chromium. Deposits 
in the western United States are suitable 
for chemical and refractory purposes hut 
do not in general meet metallurgical stand
ards. Chromite of refractory grade occurs 
in scattered lenticular deposits in a pre
Cambrian serpentine mass in Blanco and 
Gillespie counties of central Texas. Ex
perimental mining has been carried on in 
this area without revealing any commercial 
deposits. See "Serpentine and associated 
minerals of Gillespie and Blanco counties, 
Texas," Univ. Texas, Bur. Eco. Geol., 
Min. Res. Cir. 14. 

Manganese is the most important ferro
alloy metal, about 95 per cent of the entire 
consumption being for metallurgical pur
poses. Manganese serves as an alloying 
constituent in iron and steel and, more 
importantly, as a scavenging agent for re
moving oxygen and sulphur from the metal. 
Russia, India, and South Africa are the 
principal producing countries. Manganese 
is produced at several places in the United 
States, but importations supply most of the 
domestic consumption. In Texas man
ganese is known to occur in residual and 
surficial deposits in pre-Cambrian rocks 
at the Spiller mine in Mason County and 
at Horse Mountain in Llano County; at 
several localities in Cretaceous and late 
residual deposits in the Shumla-Feely and 
Pandale areas of Val Verde County; in 
breccia associated with a prominent fault 
cutting Lower Cretaceous rocks at the May-
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field prospect in western Jeff Davis 
County; and at several localities in Tri
assic sandstones in Dickens County. Ex
perimental mining resulting in small ship
ments has been carried on at most of the 
known deposits, but no ore bodies of 
sufficient size and quality to sustain con
tinued commercial development have been 
revealed. See "Manganese deposits of 
Texas," pages 249-257 of this publication. 

Molybdenum is one of the more impor
tant ferroalloys. The United States is by 
far the largest producer with the great de
~osits at Climax, Colorado, and other large 
sources in by-product recovery from cop
per ores at Bingham, Utah, and Santa 
Rita, New Mexico. Molybdenite, the chief 
ore mineral, occurs in relatively small 
quantities at a locality on Honey Creek 
in Llano County, Texas. Unsuccessful 
efforts have been made at different times 
to produce the molybdenite and associated 
bismuth and gold at the Kiam prospect. 
Other minor occurrences of molybdenite 
are known in the pegmatites of the Llano 
region and in very minor occurrences as
sociated with Tertiary intrusive rocks in 
the Quitman Mountains of Hudspeth 
County. See "A bismuth-molybdenum pros
pect (Kiam prospect) of Llano County, 
Texas," pages 911-922, Univ. Texas Pub. 
3945. 

Tungsten is an important ferroalloy 
metal, the domestic supplies of which are 
derived in part from mines in Nevada 
and othern western states and in part by 
importations. China is the largest tungsten
producing country, but important quanti
ties are also produced in Burma and in 
the United States. The occurrence in small 
quantities of the tungsten mineral scheelite 
in the Llano, Texas, region has recently 
been reported. Similar small occurrences 
of scheelite are known in the Quitman 
Mountains in Hudspeth County, and one 
attempt at production of these deposits 
resulted in some small ore shipments. 
Tungsten minerals other than scheelite are 
known to occur in an intrusive porphyry 
mass 30 miles north of Van Horn in Cul
berson County. Testing on a comparatively 
extensive scale has been carried on at this 
locality without revealing any workable 
ore bodies. Geologic conditions favorable 
to accumulations of tungsten minerals, 

particularly the mineral scheelite, are pres
ent both in the Llano and Trans-Pecos 
regions of Texas. Inasmuch as prospect
ing for scheelite has not been practiced 
until quite recently in Texas, there are 
possibilities that workable deposits will 
be found. The application of a new and 
efficient prospecting method for scheelite, 
the fluorescent mineralight, greatly in
creases the chances of such discoveries. 
See "Tungsten and tungsten minerals" 
and "Scheelite in Llano County, Texas," 
Univ. Texas, Bur. Eco. Geol., Min. Res. 
Cirs. 17 and 20. 

Fertilizer materials.-Natural fertilizer 
materials occurring in considerable quan
tities in Texas include greensand, guano, 
gypsum, limestone, magnesite, peat, potash, 
sulphur and sulphur earth. Nitrates are 
known in Texas only in small deposits not 
yet proven to be commercially workable. 
Phosphates are known only in extremely 
limited quantities. These materials are 
briefly discussed under their respective 
headings in this index; potash is also men
tioned with other mineral salts under the 
headings evaporites and brines. Produc
tio~ of guano, gypsum, limestone, mag
nesite, peat, sulphur and sulphur earth 
for use in fertilizers is now under way but 
is for the most part on a relatively small 
scale. 

. Flagstone.-Flagstone, consisting of thin 
limestone, often colored by varying 
amounts of ferric iron, occurs in large 
quantities in the Cretaceous Eagle Ford 
formation in Brewster, Presidio, Terrell, 
and Val Verde counties. Some flagstone 
has been produced in Val Verde County. 

Fluorspar.-Fluorspar occurs in Trans
Pecos Texas and in the Llano region of 
central Texas. See "Fluorspar in Trans
Pecos Texas," pages 227-238 of this pub
lication. 

The fluorspar in the Llano region oc
curs in pegmatite dikes and as lenses and 
dilatory veins in pre-Cambrian schists and 
gneisses. Some prospecting has been done 
at different times on deposits 5 miles west 
of Burnet in Burnet County. Much of the 
exposed fluorspar is coarsely granular 
material containing small amounts of such 
impurities as hornblende, biotite, copper 
carbonate, and metallic sulphides. Care
ful mill treatment, which would he prac-
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ticable only in handling comparatively 
large tonnages, would probably eliminate 
all or nearly all of the objectionable 
mineral matter. The prospects in the 
Llano region have not yet revealed de
posits capable of supporting profitable 
mining. 

Fuller's earth.-See bleaching clay. 
Gas.-See pages 179-195 of this publi

cation. 
Glass sand.-Sands suitable for the 

manufacture of certain kinds of glass oc
cur in the basal Cretaceous strata in west
central and north-central Texas and in the 
Eocene Carrizo, Queen City, and Sparta 
formations of the Coastal Plain. Glass 
sands have been produed from the Cre
taceous in Coleman County and from the 
Eocene in Atascosa County. 

Gold.-See precious metals. 
Granite.-Granite of several varieties, 

all of pre-Cambrian age, occurs in large 
outcropping masses in the Llano region. 
Granites also occur with other igneous 
rocks in the large intrusive masses of Gil
lespie County and of the Quitman and 
Franklin mountains in Hudspeth County. 

Graphite.-Extensive deposits of fine 
flake graphite occur in the pre-Cambrian 
Packsaddle schist in the Llano region. 
Graphite, produced in considerable quan
tities in Burnet County, is used largely 
in crucibles and foundry facings in the 
steel industry. 

Gravel.-Gravel deposits of commercial 
value are found adjacent to the rivers 
that flow across the Coastal Plain from 
the central and western highlands and in 
the Goliad, Uvalde, Leona, and Willis 
formations in the Coastal Plain region. 
Extensive deposits occur in the Seymour 
and basal Cretaceous formations in north
central Texas and in outward fans and 
sheets east of the High Plains escarpment 
and in the mountain areas of Trans-Pecos 
Texas. 

Greensand.-Greensand occurs in Upper 
Cambrian rocks in the Llano region and 
in the Midway, Weches, and other Eocene 
horizons in the Coastal Plain. Greensand 
has been produced to a limited extent in 
Bexar County for use in purifying water 
and as a conditioner of soils. 

Grinding pebbles.-Grinding pebbles 
suitable for use in grinding mills occur 
in widely distributed surface deposits 

along the interior margin of the southern 
and southwestern Gulf Coastal Plain. See 
"Grinding pebble deposits of western Gulf 
Coastal Plain of Texas," pages 47-54 of 
this publication. 

Guano.-Bat guano occurs in numerous 
caverns in the Edwards Plateau and in the 
Trans-Pecos region and to a more lim
ited extent in central Texas. Guano is be
ing produced from localities in Edwards, 
Medina, Real, and other counties for use 
in fertilizers. 

Gypsum.-Gypsum is widely distributed 
and extensively developed in Texas. The 
main occurrences are: ( 1) In the Blaine and 
other Double Mountain Permian formations 
which outcrop east of the High Plains; 
mining from these extensive bedded de
posits is carried on in Fisher, Hardeman, 
and Nolan counties. (2) In the Permian 
Castile gypsum which outcrops in large 
areas between the Delaware-Apache Moun
tains and Pecos River in Culberson 
and Reeves counties. (3) In rocks of 
probable Permian age in the vicinity of 
the Malone Mountains in Hudspeth 
County; mined near Fort Hancock and 
Finlay. ( 4) In the Cretaceous Edwards 
formation in Gillespie and Menard coun
ties, mined in Gillespie County. (5) 
In the cap rock of the Gulf Coast salt 
domes; mined at Hockley dome in Har
ris County and at Gyp Hill in Brooks 
County. Gypsum is used mostly in the 
manufacture of plaster-of-Paris, wall 
board and cement. See "Gypsum in the 
Edwards limestone of central Texas," 
pages 35-46 of this publication; "Gyp
sum resources and mining on the Hock
ley dome, Harris County, Texas," pages 
207-2.26 of this publication; and "Gyp
sum and anhydrite," pages 623-631, Univ. 
Texas Bull. 3401. 

Iron ores.-Large deposits of iron ore 
occur in the Eocene Weches formation in 
Cass, Cherokee, Marion, Morris, and other 
counties of northeast Texas. The ores 
include both siderite and the limonite 
group minerals in flat-lying bedded de
posits. In the Llano region several de
posits of magnetite occur in pre-Cambrian 
metamorphic rocks. See "Iron minerals 
and ores," pages 423-503, Univ. Texas 
Bull. 3401; and "Brown iron ores of 
northeast Texas," U.S. Geol. Survey Bull. 
902. 
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Kaolin.-See burning clay. 
Lead and zinc.-Lead and zinc are 

among the most important of the non
ferrous industrial metals and are being 
consumed on a greatly accelerated scale. 
The United States is the principal pro
ducing nation for both metals, with Mis
souri, Idaho, and Utah the leading lead
producing states, and Oklahoma, New 
Jersey, and Idaho leading in zinc pro
duction. The largest uses for lead are in 
storage batteries and cable coverings and 
for zinc in galvanizing and brass making. 
Lead and zinc are customarily and con
veniently considered together because 
they are quite generally associated in min
eral deposits. The ore minerals of lead and 
zinc occur and have been prospected at 
a number of localities in Trans-Pecos 
Texas. Production of lead has been 
almost continuous during the past fifty 
years, while the greater portion of zinc 
was produced in the period 1911 to 1917. 
Lead and zinc occur in Texas in small 
deposits and much of their production is 
a by-product due to the production of 
silver. A large part of the lead was ob
tained as a minor product of silver-lead 
ores mined at the Presidio mine in Pre
sidio County, and practically all of the 
zinc, with an approximately equivalent 
amount of lead, was produced from the 
Bonanza and Alice Ray mines in Hud
speth County from ores enhanced in value 
by a small content of silver. 

A brief discussion follows of the prin
cipal occurrences of lead and zinc ore 
minerals in Trans-Pecos Texas. In the 
Quitman Mountains southwest of Sierra 
Blanca, Hudspeth County, lead and zinc 
deposits occur and have been pros
pected at several localities. The moun
tains consist of a large intrusive mass 
flanked and in part overlain by Creta
ceous limestones. The ores are in con· 
tact deposits and in fissure veins. The 
Bonanza and Alice Ray mines located on 
the same mineralized fissure vein in the 
intrusive rhyolite contain several thousand 
feet of underground works and are the 
most extensive developments in the district. 
The mines have been inactive for more 
than twenty-five years. In the early part 
of 1945 a jig mill was installed for the 
purpose of concentrating the mine dumps 
of lower-grade ore at the Bonanza mine. 
In the Eagle Mountains in the southeast-

e--n part of the county small showings of 
zinc carbonate have been prospected near 
Eagle Springs in the north side of the 
mountains. Lead and zinc oxidized ores 
containing some silver in steep east-trend
ing veins in Cretaceous limestones have 
been tested, and small trial shipments 
were made from the Black Hill and the 
Silver Eagle prospects on the southwest· 
ern side of the mountains. In the foot
hills on the southeastern side of the Eagle 
Mountains some galena occurs in barite 
gangue in fissures cutting Lower Creta
ceous quartzites; several small prospect 
holes have been sunk on these deposits. 
In the Shafter district of Presidio County 
lead and some zinc minerals occur with 
silver ores at the Presidio mine as in 
smaller mines of the district. The Presidio 
mine was worked primarily for silver but 
has produced lead as a profitable by
product during most of its operating 
period (1880-1942). Zinc is also present 
in the ores, but profitable quantities are 
of local occurrence. Some production of 
silver-lead ores has come from the small 
mines and prospects of the district, and 
shipments of zinc carbonate were made 
in 1915-1916 from the Chinati and 
Montezuma mines. The ores occur as 
manto-type ore bodies and along fis
sures mainly in limestones of the Per· 
mian Cibolo formation. Lead-zinc ores 
associated with some fluorspar and quartz 
occur in a fissure-cutting intrusive gran· 
odiorite porphyry in San Antonio Canyon. 
Prospecting at different times has resulted 
in some small ore shipments from this 
locality. Silver-lead ore in small quan· 
tities has been produced from a prospect 
in the Solitario uplift in the southeastern 
part of the county. Complex sulphide 
ores containing lead, zinc, copper, and 
silver in barite gangue occur in vertical 
northeast-trending veins cutting pre· 
Cambrian red sandstones along the east 
face of the Sierra Diablo in western Cul· 
berson County. Efforts have been made 
at different times to develop these de· 
posits, and small shipments were made 
from the Pecos and Diablo prospects. 
The production attempts have been ham· 
pered by high cost of smelter treatment 
and loss of the zinc which can not be 
recovered in the only smelter within eco· 
nomic shipping range. A small amount 
of zinc carbonate was produced at the 
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Buck prospect north of Boracho in the 
Apache Mountains. More than a hundred 
tons of high-grade lead-silver ore has re· 
cently been produced at the Bird mine 
near Altuda in northwestern Brewster 
County. The ore occurs in irregular and 
discontinuous deposits in Permian lime
stones near their contact with an intrusive 
syenitic mass. 

Lead deposits are known at several lo
calities in Cambrian glauconitic strata in 
Blanco, Burnet, and other counties of the 
Llano region. The Pavitte prospect on 
Silver Creek in western Burnet County 
represents the only serious attempt at 
production in the region. This prospect 
is reported to have produced 736 tons of 
ore which yielded twenty·nine tons of lead 
concentrates in mill treatment during 
1930. 

The extent to which lead and zinc ores 
in Texas will be developed in the future 
is uncertain, but the record of past pro
duction indicates that those ores contain· 
ing or associated with more valuable 
metals offer the best possibilities. Since 
the period of extraordinary high prices 
for lead and zinc during and shortly after 
the last war, the market value has become 
adjusted at much lower levels. The lower 
price scale prevents profitable mining of 
many deposits, the value of which is de
pendent entirely on lead or zinc, or both, 
and in which the unit recovery of metal 
is relatively expensive. 

In some cases the zinc content of 
metalliferous ores produced in Trans
Pecos Texas has been a detrimental fac· 
tor. Custom milling facilities have not 
been available for separating concen· 
trates of the several metals from com
plex ores ; consequently the mine·run ma
terial has been shipped directly to the 
El Paso smelter which is not equipped 
to treat zinc ores. In such procedure the 
zinc values are lost, and the lead ore is 
penalized because of the zinc content. If 
any of the known ore bodies prove large 
enough to support a separation mill, the 
zinc concentrates might be recovered as a 
valuable by-product and mining put on a 
sound economic basis. See also "Bird lead. 
silver mine in Brewster County, Texas," 
pages 31-33 of this publication. 

Lignite.-Lignite or brown coal occurs 
in extensive deposits in the Eocene Wil
cox and Claiborne groups of the Coastal 

Plain. Mining, which was formerly on 
a much larger scale, is now carried on in 
Bastrop, Harrison, Henderson, Milam, 
Titus, and Wood counties. The lignite 
m!ned in Harrison County is used in the 
Darco plant at Marshall as a raw mate· 
rial for the manufacture of activated car· 
hon; production from other counties is 
used as fuel. See "Report on brown coal 
and lignite," Texas Geo!. Survey; also 
"Geology of east Texas," Univ. Texas 
Bull. 1869. 

Lime materials.-Lime-making mate· 
rials are widespread in Texas. Cretace· 
ous limestones are being utilized in lime 
plants in Dallas, El Paso, Travis, and 
Williamson counties. Oyster shells are 
used for this purpose in Harris County. 

Limestone.-Limestones and dolomitic 
limestones are widespread in Texas except 
in the Coastal Plain and parts of the 
High Plains. Large deposits of limestone 
are found in the Cretaceous formations. 
Paleozoic limestones cover a considerable 
area in central, north-central, and Trans
Pecos Texas. The post·Cretaceous rocks 
in Texas contain only very limited 
amounts of limestone. Limestone is pro· 
duced for various uses and from numer
ous localities in the State. 

Magnesite.-Magnesite occurs in asso· 
ciation with pre-Cambrian marble in 
Llano and Mason counties. Mining on a 
small scale is carried on in both coun· 
ties. This industry, new in Texas, has 
been developed by The University of 
Texas Bureaus of Economic Geology, En
gineering Research, and Industrial Chem· 
istry. Magnesite, deadburned, is used as 
a soil conditioner and fertilizer, chiefly in 
Florida. See "High magnesia marble from 
Sharp Mountain area of Llano County, 
Texas," Univ. Texas, Bur. Eco. Geo!., 
Min. Res. Cir. 10. 

Magnesium chloride.-Magnesium chlo
ride brines are known to occur in an 
upper Permian horizon in Borden County 
and with other mineral salts in the vicin· 
ity of the Yates oil field in Pecos County. 
Magnesium chloride is found also in the 
shallow brines underlying the shallow 
playa lakes of the High Plains. At Free· 
port in Brazoria County magnesium chlo· 
ride is being extracted from sea water 
and used as an ore of magnesium. 
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Magnesium sulphate.-Magnesium sul· 
phate and other mineral salts occur in 
subsurface brines and in the surface 
waters of some of the larger playa lake 
basins of the High Plains. The Arizona 
Chemical Company plant located west of 
O'Donnell in southern Lynn County is ex· 
tracting magnesium sulphate from waters 
recovered through shallow wells. 

Manganese.-See ferroalloy metals. 
Marble.-Marble in a variety of colors 

and textures occurs in pre-Cambrian and 
Paleozoic formations in the Llano and 
Trans-Pecos regions and is produced to 
some extent in Llano and Burnet conn· 
ties for terrazzo chips. Marble was for· 
merly produced from locally altered Cre
taceous formations at the Jordan quarry 
in Brewster County. 

Mercury.-Mercury is an essential 
metal of modern industry in that for 
many of its uses no suitable substitutes 
are known. Some of the principal uses 
for mercury are in drugs and chemicals 
such as corrosive sublimate and calomel, 
for fulminate and other munition pur· 
poses, in various electrical apparatus, in 
anti-fouling paint for ships' bottoms, and 
in recovering gold and silver by the amal
gamation process. Spain and Italy are the 
leading mercury-producing countries. Min
ing has been carried on at the extraor· 
dinarily rich Almaden mine in Spain for 
more than two thousand years and for a 
comparable time in mining districts of 
Italy. The United States and Mexico are 
the leading producing nations in the West· 
em Hemisphere. Production in the United 
States is mainly from California, Oregon, 
Nevada, Texas, and Arizona. The do· 
mestic production is supplemented by im· 
portations. 

The only known occurrences of mer· 
cury in Texas are in the Terlingua dis
trict of southern Brewster and southeast
ern Presidio counties. Mining has been 
carried on in the Terlingua district since 
1896. Production records are incomplete, 
but the estimated total for the district is 
between 150,000 and 200,000 flasks each 
containing seventy-six pounds of metallic 
mercury. 

The mercury deposits are in a region 
of folded and faulted Cretaceous marine 
strata which are cut by a large number 
of Tertiary intrusive masses. The Creta· 

ceous sedimentary rocks consist of thick 
limestone sections with some shales and 
sandstones. The intrusives are in part in 
the form of laccoliths and plugs but many 
narrow dikes and sills are found along 
the principal fractured zones throughout 
the region. The intrusives represent dif· 
ferent stages of Tertiary igneous activity, 
the older stages being represented by 
rocks of acidic composition and later 
stages by more basic types. 

Localization of the ore bodies has been 
in a large measure controlled by anti· 
clinal structures. The most productive 
group of mines centered around Terlin· 
gua are on the southeast-plunging end 
of the large Solitario anticline, and other 
ore deposits known on Mariscal and 
Christmas Mountains are similarly related 
to other anticlinal folds. Locally the 
structural features have been greatly com· 
plicated by extensive faulting and intru· 
sive activity. 

The ore minerals are mainly cinnabar 
and native mercury, although secondary 
mercury minerals occur commonly in 
nearly all of the deposits. The more 
common gangue minerals are calcite, 
gypsum, iron oxides and sulphides, and 
clay materials. Bituminous matter is often 
associated with the ores. The ore bodies 
occur mainly in caverns and fractured 
zones in favorable structural and host 
rock conditions in the Cretaceous lime· 
stones and shales and to a more limited 
extent in fractured intrusive rocks. The 
most productive horizon has been along 
and near the contact of the Georgetown 
limestone with the overlying Del Rio clay. 
Workable deposits have also been found 
in the Edwards, Eagle Ford, and other 
Cretaceous .l;torizons. At the Study Butte 
mine a considerable amount of the mined 
ore has been in Tertiary porphyries. The 
richest ore bodies yet discovered have 
been on the bottoms and walls of under
ground solution caverns within limestone 
beds. 

The mines and prospects developed to 
date lie within an area extending about 
40 miles in an east-west direction and 
about 20 miles in a north-south direction. 
The south and east limits of known mer
cury deposits are on Mariscal Mountain 
in the southern part of the Big Bend of 
the Rio Grande in Brewster County; and 
the north and west limits are respectively 
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on Christmas Mountain in Brewster County 
and in Fresno Canyon in Presido County. 
By far the greater part of the produc
tion has been obtained from a relatively 
small east-west elongated area centered 
near the mining town of Terlingua. 
The Chisos mine, opened in 1902, is the 
most extensively developed and has been 
responsible for most of the mercury pro
duction in Texas. This mine was in con
tinous operation for about forty years. 
Other mines within the district which have 
yielded a considerable amount of mer
cury ore include the Rainbow, Mariposa, 
Study Butte, Solitario, and Fresno. In re
cent years the Study Butte and Fresno 
mines have been the chief producers in 
the district. 

Mica.-Mica occurs in large quantities 
in pre-Cambrian pegmatite dikes on the 
west side of the Van Horn Mountains in 
western Culberson County and also in pre
Camhrian schists and pegmatites in the 
Llano region. Mica has been produced in 
Culberson County where it was separated 
from feldspar and quartz in a dry sepa
ration mill. Some hook or sheet mica was 
recovered by hand selection. See "Mica 
in Texas," pages 29-30 of this publica
tion. 

Mineral water.-Minera1 water, exclu
sive of highly concentrated brines and 
bitterns, is widely distributed and occurs 
in a number of ground water horizons. 
Mineral water is produced on a commer
cial scale at Mineral Wells in Palo Pinto 
County, near Marlin in Falls County, at 
Milford in Ellis County, and at Thorn· 
dale in Williamson County. 

Miscellaneous stone. - Miscellaneous 
stone, including rocks of various kinds, 
occurs in all parts of the State and is 
produced at many localities for use as a 
road-surfacing material, rip-rap, and sun
dry other purposes. 

Molding sand.-Sands suitable for 
molding sand occur extensively in the 
Gulf Coastal Plain. See "Tests on mold
ing sands," Univ. Texas, Bur. Eco. Geol., 
Min. Res. Cir. 28. 

Molybdermrn.-See ferroalloy metals. 
Nitrates.-Nitrates occur in Tertiary 

volcanic rocks in the Ruidosa-Candelaria 
·district of Presidio County and in small 
deposits in various caves and rock shel
ters of the more arid portions of Trans
Pecos Texas. Some exploratory work has 

been done, hut no commercial deposits 
have been developed. 

Novaculite. - Novaculite, a chert-like, 
siliceous rock, occurs in the Cahallos for
mation of Devonian age and outcrops in 
prominent ridges in the Marathon area of 
Brewster County. Novaculite is not pro
duced in Texas. See "Mineral abrasive 
and polishing materials in Texas," pages 
245-248 of this publication. 

Oil.-See pages 179-195 of this publi
cation. 

Oil shale.-Oi1 shale occurs at several 
localities in the Mississippian Barnett for
mation in Lampasas, McCulloch, and San 
Saba counties. No oil shale has been pro
duced in Texas. See "Summary of prog
ress on geology and oil shale investiga
tions in San Saha County, Texas," Univ. 
Texas, Bur. Eco. Geo!., Min. Res. Cir. 13. 

0 pal.--Common opal associated with 
chalcedony occurs in the Catahoula and 
other Tertiary formations of the Coastal 
Plain and at several localities around the 
playa lakes of the High Plains. The opal 
occurs as nodules and masses, as cement 
of sandstones, as vein and cavity filling, 
and as a replacement of wood. (See chal
cedony.) 

Oyster shells.--Oyster and clam shells 
occur in reefs and beds in the hays and 
lagoons bordering the Gulf of Mexico and 
to some extent in Qaaternary sediments 
along the seaward margin of the Coastal 
Plain. Shells are extensively produced, 
mainly by dredge methods, from the 
coastal waters of Aransas, Calhoun, Cham
bers, Jefferson, Mata3orda, and Nueces 
counties. 

Peat.-Peat hogs are widely distributed 
in the relatively humid middle and east
ern portion of the Coastal Plain. The peat 
of best quality occurs in hogs fed by per
manent springs and situated above flood 
water levels. Peat for fertilizer is pro
duced from hogs in Lee and Milam coun
ties. See "Peat deposits in Texas," Univ. 
Texas, Bur. Eco. Geol., Min. Res. Cir. 
16; "Peat hogs in Gonzales County with 
notes on other hogs" and "Peat deposits 
in Polk and San Jacinto counties, Texas," 
Univ. Texas., Bur. Eco. Geol., Min. Res. 
Cirs. 34 and 38. 

Phosphate rock.-Small quantities of 
p'iosphatic material are known in Terti
ary and Paleozoic formations in Texas. 
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None of the known deposits are large 
enough to justify commercial develop
ment. 

Potash. - Potash minerals including 
polyhalite are found in extensive de
posits in the Permian strata in parts of 
west Texas. During and shortly after the 
last World War an investigation of the 
potash sources was carried on by Federal 
and State agencies. This work resulted in 
development by private enterprise near 
Carlsbad, New Mexico, of high-grade 
potash rock consisting of sylvite and other 
potash minerals. The Texas potash de
posits have not been developed. See brines 
and evaporites in this "Index"; also "The 
Texas-New Mexico potash deposits," pages 
641-832, Univ. Texas Bull. 3401. 

Precious metals (gold and silver).
South Africa and the United States lead 
in gold production, and Mexico, the 
United States, and Canada are the lead
ing silver-producing countries. The use of 
gold and silver for monetary purposes 
results in high value for these metals. 
Their presence even in small quantities 
in many instances makes it possible to 
produce base metals that otherwise could 
not be commercially mined. 

In Trans-Pecos Texas, silver is the most 
widespread of any of the commercially 
produced metals. It is found in some 
quantities with other metals in practically 
all of the localities from which ore ship
ments have been made except for the 
mines in the Terlingua mercury district. 
In 194.2 Texas had produced more silver 
in terms of value than of any other metal. 

Production of silver has come from five 
separate areas and districts in Trans· 
Pecos Texas, namely, the Shafter district 
of Presidio County, the Van Horn-Alla
moore district and the Plata Verde mine 
area in Culberson and Hudspeth counties, 
the Quitman Mountains of Hudspeth 
County, and Altuda Mountain in north
ern Brewster County. Of these the Shafter 
district with its Presidio mine has yielded 
about nine-tenths of the total production. 

The Shafter mining district lies in an 
area of folded and faulted Permian and 
Cretaceous marine strata cut by Tertiary 
intrusive dikes and sills and covered in 
part by volcanic rocks. The known ore 
bodies are replacement deposits mainly 
in the Permian Cibolo limestones along 

fissure veins and in favorable beds of the 
host rock. These later manto-type bodies 
are most important. All of the ore min
erals are oxidized. Silver is by far the 
most abundant metal in the district, al· 
though lead and gold were recovered as 
valuable by-products of the Presidio mine 
ore, and zinc is known in local concen
trations in small mines and prospects of 
the district. 

The Presidio mine, the only extensively 
developed mine of the Shafter district, 
was operated from 1880 until September, 
1942. The mine is credited with a pro
duction during this time of over 2,000,QOO 
tons of ore from which 30,293,606 ounces 
of silver and small values in lead and 
gold were extracted. The workings extend 
over a length of 4000 feet and to a maxi· 
mum depth of 1500 feet. Ores were mined 
from the surface to as much as 600 feet 
in depth. In the early history of the mine 
the ores were treated in a small pan
amalgamation mill and later in a cyanide 
plant. Suspension of operations in the 
mine is attributed in part to difficult water 
problems in the lower levels and to a gen· 
eral lowering in value of the ores. Smaller 
mines in the Shafter district including the 
Chinati, Montezuma, and others have been 
worked in a more desultory manner. The 
occurrence of ore in the small mines and 
prospects is similar to that of the Pre
sidio mine, although the ratio of silver 
to lead and zinc is usually somewhat 
lower, and in one or more CfSes the ores 
are in Cretaceous rather than in Permian 
limestones. Some prospects containing 
ores of silver and other metals occur out· 
side of the Shafter district in Presidio 
County; a part of these have been listed 
in the discussion of lead and zinc. 

Several small mines in the Van Horn
Allamoore district of Culberson and 
Hudspeth counties have produced silver· 
bearing ores, and this district has yielded 
most of the silver not produced from the 
Presidio mine. The silver occurs with 
copper sulphide and carbonate ores in fis· 
sure and fault zones in pre-Cambrian red 
sandstones and in one area east of the 
Sierra Diablo with copper, lead, and 
zinc. The silver content of the ores varies 
greatly but is in general highest in the 
local pockets and seams of high-grade 
chalcocite. The Hazel mine is the oldest 
and best developed mining property in 
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the district and has been the principal pro
ducer of silver and copper. It has also 
at times yielded small values in gold. The 
other small mines in the district which 
have produced silver-bearing ores include 
the Sancho Panza, Black Shaft, and Pecos. 
(See copper, lead, and zinc.) 

The Plata Verde mine located on the 
south flank of the Van Horn Mountains 
near the Culberson-Hudspeth County line 
has produced several thousand tons of sil
ver chloride ore containing a small amount 
of copper. The ores occur irregularly dis
tributed at different ho~izons along the 
bedding of a steep-dipping micaceous and 
slialy sandstone. Shallow and compara
tively rich ore concentrations, which for a 
short while enabled the mine to be oper
ated profitably, are reported to have been 
nearly exhausted. In the Quitman Moun
tains of Hudspeth County silver was ob
tanied from lead-zinc ores in the Bonanza 
and Alice Ray mines and in small quan
tities from other prospects in the Quit
man and Eagle mountains (see lead and 
zinc). Except for small experimental 
shipments, no mining has been carried on 
in this district during the past twenty-five 
years. Some high-grade lead-silver ore 
has been produced at the Bird mine near 
Altuda in northwestern Brewster County. 
In 1942, 139 tons of ore containing 3230 
ounces of silver and 77,107 pounds of 
lead were shipped to the El Paso smelter. 
The ores occur as replacements in Per
mian limest4>nes near the contact with in
trusive syemte. The workings in the Bird 
mine consist of several hundred feet of 
drifts and wenzes. Silver occurs in small 
quantities in association with copper 
minerals in the pre-Cambrian rocks of the 
Llano region and with traces of gold in 
oxidized iron minerals filling fissures in 
Cretaceous limestones in the Uvalde area 
of south Texas. Such prospecting as has 
been done in these areas has given little 
hope for commercial deposits. 

The quantity of gold produced in Texa~ 
has been relatively insignificant, the total 
production to 1942 being 8277 fine ounces 
valued at $223,499. Nearly all of the pro
duction has been obtained as a by-product 
of silver ores in the Presidio mine and 
copper-silver ores in the Hazel mine, with 
a small percentage from the Heath mine 
and other localities in the Llano region. 
In Trans-Pecos Texas occurrences of gold 

are known in the Shafter, Van Horn
Allamoore, and Quitman Mountains dis
tricts. In the Llano region gold is known 
in minor quantities both in quartz vein
lets and pegmatites in the pre-Cambrian 
metamorphic rocks and in stream-laid 
gravels. Gold has also been reported from 
sand and gravel in Howard and Taylor 
counties and from limestones in Irion, 
Uvalde, and Williamson counties. 

The general occurrence of precious 
metals, particularly of silver, with base 
metal ores indicates that future gold and 
silver production in Trans-Pecos Texas 
will correspond in an important measure 
with production of the base metals. The 
relatively widespread occurrence of sil
ver-bearing areas and the production rec
ord of the district argue favorably for 
possibilities of commercial ore bodies in 
which important or principal values are 
contained in silver. In the Llano region 
gold occurs with molybdenum and bis
muth at the Kiam prospect in Llano 
County and at other localities disassoci
ated from other valuable metals. 

Pulverulent limestone. - Pulverulent 
limestone occurs at several localities in 
the Cretaceous Edwards formation in Bell 
and Williamson counties and is being pro
duced from a large deposit located near 
Florence in Williamson County. The pul
verulent limestone, which has the physical 
properties of quite pure, incoherent 
caliche, is used in livestock feed, as a filler 
and pigment in paint, and as a polishing 
agent. 

Rare earth minerals.-An exceptional 
deposit of rare earth minerals occurs at 
Baringer Hill in Llano County, a local
ity now covered by the waters of Lake 
Buchanan. The rare earth minerals are 
contained in a pegmatite dike cutting pre
Cambrian granite. The minerals are com
pounds of beryllium, cerium, erbium, 
thorium, uranium, yttrium, and other ele
ments rarely found as primary -constitu
ents of minerals. Many of the rare earth 
minerals are radioactive. 

ResUiual ironstone pebbles.-Residual 
deposits of unconsolidated limonite nod
ules and. pieces of ferruginous sandstone 
in a matrix of sand or clay occur widely 
on the crests and gentle slopes of stream 
divides in east and northeast Texas. The 
deposits are usually from 2 to 8 feet thick 
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and of varying areal extent. The mate
rial, known locally as "iron ore gravel," 
is derived from iron oxide-bearing forma
tions. Many of the east Texas Eocene 
formations contain sufficient iron oxide to 
produce these residual deposits. The ma· 
terial is extensively used on highways and 
for surfacing county roads. 

Rhyolite.-Rhyolites and rhyolitic flows 
make up a large percentage of the exten
sive Tertiary volcanic rocks of Trans
Pecos Texas. Somewhat metamorphosed 
rhyolites also occur in the pre-Cambrian 
Carrizo Mountain schists of the Carrizo 
Mountains and other more limited out
crops. The pre-Cambrian rhyolite is pro
duced on a large scale at a locality in 
Hudspeth County and is used for ballast. 

Rice sand.-The term rice sand is ap
plied to coarse-grained siliceous sands 
occurring in the Catahoula and other Ter
tiary formations and in some of the river 
terrace deposits in the Gulf Coastal 
Plain. It is used in filtering water and as 
a blast sand. See "Rice sands in Polk and 
adjoining counties with notes on volcanic 
ash and bentonitic clays," Univ. Texas, 
Bur. Eco. Geol., Min. Res. Surv. Cir. 41. 

Road clay.-Road clay, a use classifi
cation, includes common clays of good 
binding properties used to stabilize road 
beds of loose sand or gravel. Road clays 
occur extensively throughout Texas. 

Salt.-Salt occurs in immense quanti
ties in salt domes in the Coastal Plain 
and with other evaporites in the Permian 
basin, which underlies the High Plains 
and parts of adjacent regions. Smaller 
quantities of salt occur in surface and 
near-surface brines and in playa lakes 
and saline springs in west and south 
Texas. Salt is mined by underground 
methods from salt domes in Van Zandt 
and Harris counties and is extracted from 
wells at Palangana dome in Duval County. 
Salt from the Permian evaporite horizon 
was formerly extracted from wells at Colo
rado City, Mitchell County. Salt has been 
produced for many years from the effio
rescent crust deposits of the Salt Flat 
playas in Hudspeth County and from La 
Sal Vieja in Willacy County and was for
merly produced from similar crusts de
veloped on the overflow flats of saline 
springs in the northwest corner of Stone
wall County. 

Sand.-Sand is widespread in Texas, 
occurring at various geologic horizons 
from Cambrian to Recent. Outcropping 
formations which contain unusual quan
tities of sand include members of the Trin
ity group and the Woodbine formation of 
Cretaceous age and Carrizo, Queen City, 
and other horizons of the Eocene of the 
Coastal Plain. (See glass sand, gravel, 
and rice sand.) 

Sandstone.-Sandstone, including con
glomeratic sandstones and quartzites, oc
curs in a wide geologic range and wide 
geographic distribution in Texas. Princi
pal occurrences include pre-Cambrian 
quartzites and Cambrian Hickory sand
stones and conglomerates in the Llano 
region; Pennsylvanian, Permian, and basal 
Cretaceous sandstones of north-central 
Texas; Triassic brown sandstones which 
form extensive outcrops along the mar
gin of the High Plains; and various Ter
tiary horizons in the Coastal Plain. Sand
stone is produced at many localities. 

Serpentine.-See "Soapstone and ser
pentine in the Central Mineral region of 
Texas," pages 55-91 of this publication. 

Silica.-Silica in the form of massive 
quartz occurs at localities in pre-Cam
brian rocks of the Llano region and in 
the Carrizo Mountains area of western 
Culberson and eastern Hudspeth counties. 
The deposits are veins consisting almost 
entirely of silica or quartz and pegma
tites where the silica occurs with feld
spar, mica, and other minerals. ·· Silica has 
been produced near Packsaddle in Llano 
County and was used in granulated form 
as roofing material. 

Silver.-See precious metals. 
Soapstone.-See "Soapstone and seP 

pentine in the Central Mineral region of 
Texas," pages 55-91 of this publication. 

Sodium sulphate.- Sodium sulphate, or 
Glauber salt, occurs in brines and to some 
extent in crystal beds underlying a num
ber of the large playa lake basins of the 
High Plains and also occurs in the waters 
of deeper lying Permian strata in the 
same region. Sodium sulphate is being 
extracted from shallow brines in Lynn, 
Terry, and Ward counties. It is used 
largely in paper manufacture. 

Spiculite.-See tripoli. 
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Springs.-Springs are widely distrib· 
uted over most of Texas except in non
dissected or poorly dissected areas such 
as are found in parts of the High Plains 
and Coastal Plain. An important group 
of large springs in the Balcones fault 
zone derive their water from basal Cre
taceous sands. See pages 27-39 of U.S. 
Geo!. Survey Water-Supply Paper No. 
557. Other aquifers supporting peren
nial springs occur in the Paleozoic and 
Tertiary formations. 

Sulphur.-Sulphur occurs in very large 
quantities in the calcite cap rock of some 
of the salt domes in the Gulf Coastal 
Plain and is exploited by extensive oper
ations in Brazoria, Fort Bend, and Whar
ton counties. Sulphur also occurs at 
numerous localities in the Permian Castile 
gypsum and in secondary material con
sisting mainly of gypsite in the Toyah 
basin of Culberson and Reeves counties. 
The Toyah sulphur-bearing material is 
developed on a small scale in eastern Cul
berson County for use as a fertilizer. 

Tin.-Tin is one of the important in
dustrial minerals for which the United 
States, the largest tin-consuming nation, 
depends almost entirely upon importa
tions. The important tin-producing coun· 
tries are the Malayan States, the Dutch 
Indies, and Bolivia. In Texas, occurrences 
of the tin mineral cassiterite are known 
in the Franklin Mountains north of El 
Paso and in the Streeter area of Mason 
County. Prospecting has been carried on 
in the Franklin Mountain deposits, result
ing in some small shipments. The cassi
terite at this locality occurs in thin veins 
and stringers and as a replacement min
eral in intrusive granite. In the Mason 
County-Streeter area the tin is associated 
with topaz in quartz veinlets in fine
grained granite. Within recent years a 
rather thorough investigation was made 
of the known tin-bearing areas by a Fed
eral works project under the supervision 
of The University of Texas Bureau of 
Economic Geology. The result of this in
vestigation shows the tin to occur spar
ingly over much of the granite area; 
nowhere was it found in sufficient con
centration to offer possibility for devel
opment. The occurrence of tin in the 
Franklin Mountains justifies more com
plete investigation. See "Report on tin 

and magnesite deposits in Mason Countv, 
Texas," Univ. Texas, Bur. Eco. Geoi., 
Min. Res. Surv. Cir. 32. 

Titanium.-The titanium mineral rutile 
occurs in association with Tertiary silici
fied tuffs and kaolin at the Mueller pros· 
peel in south-central Jeff Davis County. 
Explorations to date have not proven com
mercial quantities of rutile in the deposit. 
See "Preliminary report on the rutile and 
kaolin deposits of the Medley district in 
Jeff Davis County, Texas," Univ. Texas, 
Bur. Eco. Geol., Min. Res. Surv. Cir. 53. 

Topaz.-Topaz of colorless and light
blue varieties occurs in pre-Cambrian 
granite in the vicinity of Streeter in Mason 
County. Topaz has not been produced 
commercially in Texas. 

Tripoli.---Tripoli occurs in several de
posits in the Marble Falls limestone in 
southern Lampasas County. The tripoli, 
a siliceous incoherent material consisting 
of particles of sponge spicules, has been 
produced in small quantities. See "The 
origin and distribution of spiculite near 
Lampasas, Lampasas County, Texas," 
pages 271-282 of this publication. 

Tufa.-Tufa and travertine deposits oc
cur at various localities in springs and 
streams within the limestone regions of 
Texas. Tufa is being produced in San 
Saba County. 

Tu/J.-Volcanic tuff of Tertiary age oc
curs extensively in Trans-Pecos Texas and 
secondarily in some of the strata of the 
Coastal Plain. 

Tungsten.-See ferroalloy metals. 
Turquoise.-Turquoise occurs in t~e 

pre-Cambrian Carrizo Mountain schist 
near the Culberson-Hudspeth County line, 
6 miles west of Van Horn. This turquoise 
deposit has been mined on a small scale 
for many years. 

Vermiculite. - Vermiculite deposits, 
some of large size, are known in the pre
Cambrian metamorphic rocks in the Llano 
region. Vermiculite has been developed to 
some <!xtent in Llano County. 

V ol.:anic ash.-Volcanic ash, or pum
icite, occurs in numerous deposits in some 
of the Tertiary formations of the Coastal 
Plain, particularly in the Catahoula, Fay
ette and Jackson formations. Other Ter· 
tiar~ m;h .deposits occur in the extrusive 
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rock series of Trans-Pecos Texas. Pleis
tocene volcanic ash deposits occur at a 
number of localities on the High Plains 
and east of the High Plains as far as 
Wichita County. Volcanic ash is being 
produced in Gonzales County and was 
formerly produced in Dickens and Scurry 
counties. 

Water.-See pages 301-312 of this pub
lication. 

Zinc.-See lead and zinc. 

SUMMARY OF MINERAL OCCURRENCES 

BY COUNTIES 

Minerals and mineral substances that 
are of wide occurrence in the State, such 
as brines, building stone, caliche, clay, 
cement materials, coal, dolomite, drilling 
clay, gravel, greensand, gypsum, iron ore, 
lignite, lime materials, limestone, miscel
laneous stone, peat, salt, sand, sandstone, 
and volcanic ash, are mentioned in this 
summary for most, but not necessarily for 
all, counties in which they occur. Min
eral substances, names of which are in 
italics, are those that have been produced 
in the county but are not now being pro
duced, except possibly intermittently. 
Names in small capital letters are of those 
minerals being produced in the county at 
the time this volume was issued. 

ANDERSON COUNTY: Asphaltic sandstones, 
burning clay, GAS, gravel, iron ore, lignite, lime
stone, OIL, residual ironstone pebbles, salt and 
associated minerals in salt domes, sand. 

ANDREWS COUNTY: Caliche, chalcedony, 
DRILLING CLAY, GAS, gravel, OIL, opal, salt and 
associated minerals in bedded underground de· 
posits, sand, sodium sulphate. 

ANGELINA COUNTY: BLEACHING CLAY, DRILLING 
CLAY, lignite, OIL. 

ARANSAS COUNTY: GAS, OIL, OYSTER SHELL;. 
ARCHER COUNTY: Copper, GAS, OIL. 
ARMSTRONG COUNTY: Caliche, diatomite, gyp-

sum, salt and associated minerals in bedded un· 
derground deposits. 

ATASCOSA COUNTY: Bleaching clay, burning 
clay, GAS, GLASS SAND, GRAVEL, grinding pebbles, 
lignite, OIL, SAND, sandstone, volcanic ash. 

AusTIN CouNTY : Fossil wood, GAS, gravel, OIL, 
salt and associated minerals in salt domes, sand. 

BAILEY COUNTY: Caliche, drilling clay, lime· 
stone, salt and associated minerals in bedded 
underground deposits, sodium sulphate. 

BANDERA COUNTY: Building stone, caliche, 
gravel, limestone. 

BASTROP COUNTY: Building stone, BURNING 
CLAY, GAS, gravel, grinding pebbles, LIGNITE, Oil., 
sand. 

BAYLOR COUNTY: Building stone, BURNING 
CLA y, copper, GAS, gravel, limestone, OIL, sand. 

BEE COUNTY: CALICHE, GAS, OIL. 

BELL COUNTY: GRAVEL, grinding pebbles, lime
stone, mineral water, pulverulent limestone, ROCK 
WOOL MATERIALS, SAND. 

BEXAR COUNTY: Bleaching clay, BURNING 
CLAY, calcareous concretions, CEMENT MATERIALS, 
GAS, GRAVEL, greensand, grinding pebbles, lignite, 
LIMESTONE, mineral water, MOLDING SAND, OIL, 
SAND, SPRING. 

BLANCO COUNTY: Asbestos, chromite, dolo
mite, guano, lead, limestone, soapstone. 

BORDEN COUNTY: Caliche, limestone, magne
sium chloride, miscellaneous stone, salt and as
sociated minerals in bedded underground de
posits. 

BOSQUE COUNTY: Caliche, GRAVEL, limestone, 
miscellaneous stone, SAND. 

Bow'IE COUNTY: Building stone, BURNING CLAY, 
CRA VEL, lignite, mineral water, oil, SAND. 

BRAZORIA COUNTY: BROMINE, GAS, MAGNE· 
SIUM CHLORIDE, OIL, SALT and associated minerals 
in salt domes, SULPHUR. 

BRAZOS COUNTY: BLEACHING CLAY, GAS, GRAVEL, 
lignite, miscellaneous stone, SAND, volcanic ash. 

BREWSTER COUNTY: Agate, barite, basalt, coal, 
gravel, LEAD, limestone, marble, MERCURY, novae· 
ulite, porphyry-syenite, sand, SILVER, SPRINGS. 

BRISCOE COUNTY: BLEACHING CLAY, caliche, 
salt and associated minerals in bedded under
ground deposits, volcanic ash. 

BROOKS COUNTY : GAs, GYPSUM, OIL, salt ~ml 
associated minerals in salt domes. 

BROWN COUNTY: BURNING CLAY, caliche, CEI.ES· 
TITE, GAS, GRAVEL, LIMESTONE, OIL, SAND. 

BURLESON COUNTY: Bleaching clay, gravel, 
lil!nite, sand. 

BURNET COUNTY: Asphaltic limestone, copper, 
DOLOMITE, fluorite, GRANITE, GRAPHITE, gravel, 
guano, lead, LIMESTONE, pulverulent dolomite, 
rock wool material, sand, vermiculite. 

CALDWELL COUNTY: GAs, GRAVEL, grinding 
pebbles, lignite, mineral water, OIL, SAND. 

CALHOUN COUNTY: GAS, OIL, OYSTER SHELLS. 
CALLAHAN COUNTY: Caliche, GAS, glass sand, 

limestone, mineral water, miscellaneous stone, 
OIL. 

CAMERON COUNTY: Burning clay. 
CAMP COUNTY: Burning clay, GAS, lignite, OIL, 

RESIDUAL IRONSTONE PEBBLES. 
CARSON COUNTY: Caliche, dolomite, GAS, OIL, 

salt and associated minerals in bedded under· 
ground deposits. 

CASS COUNTY: BURNING CLAY, GAS, IRON ORE, 
lignite, OIL. 

CASTRO COUNTY: Cal,iche, salt and associated 
minerals in bedded underground deposits. 

CHAMBERS COUNTY: CLAM SHELL DEPOSITS, 
GAS, OIL, OYSTER SHELLS, salt and associated min· 
erals in salt domes, sulphur. 

CHEROKEE COUNTY: BURNING CLAY, GAS, iron 
ore, lignite, OIL. 

CHILDRESS COUNTY: Dolomite, GRAVEL, gypsite, 
gypsum, miscellaneous stone, salt and associated 
minerals in bedded underground deposits, SAND. 

Cr.AY COUNTY: GAS, gravel, OIL, sand. 
COCHRAN COUNTY: Caliche, drilling clay, GAS, 

OIL, salt and associated minerals in bedded un· 
derground deposits, sodium sulphate. 

COKE COUNTY: Celestite, gravel, gypsum, lime· 
stone, OIL, sand. 
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COLEMAN COUNTY: BURNING CLAY, coal, GAS, 
glass sand, gravel, limestone, OIL, sand. 

COLLIN COUNTY: Burning clay, gravel, lime
stone, miscellaneous stone, sand. 

COLLINGSWORTH COUNTY: Building stone, GAS, 
gravel, gypsum, salt and associated minerals in 
bedded underground deposits, sand, volcanic ash. 

COLORADO COUNTY: Bleaching clay, GAS, 
CRAVEL, GRINDING PEBBLES, OIL, SAND. 

COMAL COUNTY: GRAVEL, LIMESTONE, MISCEL
LANEOUS STONE, SAND, SPRING. 

COMANCHE COUNTY: GAS, gravel, limestone, 
OIL, sand. 

CONCHO Com1TY: Caliche, GAS, gravel, lime
stone, sand, OIL. 

COOKE COUNTY: Asphalt, burning clay, GAS, 
gravel, limestone, OIL, sand. 

CORYELL COUNTY: GRAVEL, limest;me, SAND. 
COTTLE COUNTY: Dolomite, GRAVEL, gypsum, 

SAND. 
CRANE COUNTY: Caliche, GAS, limestone, OIL, 

salt and associated minerals in bedded under
ground deposits, sodium sulphate, DRILLING CLAY. 

CROCKETT COUNTY: Building stone, caliche, 
GAS, limestone, OIL, salt and associated minerals 
in bedded underground deposits. 

CROSBY COUNTY: Caliche, diatomite, drilling 
clay, gravel, salt and associated minerals in 
bedded underground deposits, sand. 

CULBERSON CouNTY: Barile, COPPER, FELDSPAR, 
gypsum, lead, limestone, marble, MICA, salt in 
surface saline deposits, SILVER, SPRING, SULPHUR, 
tungsten, turquoise, zinc. 

DALLAM COUNTY: Caliche, gravel, salt and 
associated minerals in bedded underground de
posits, sand, SPRING. 

DALLAS COUNTY: BURNING CLAY, CEMENT MA-
TERIALS, CRA VEL, LIMESTONE, MISCELLANEOUS 
STONE, SAND. 

DAWSON COUNTY: Caliche, limestone, miscel
laneous stone, OIL, salt and associated minerals 
in bedded underground deposits. 

DEAF SMITH COUNTY: CALICHE, salt and as
sociated minerals in bedded underground de
posits. 

DELTA COUNTY: Gravel, sand. 
DENTON COUNTY: BURNING CLAY, gravel, li;ne. 

stone, mineral water, OIL, sand. 
DE WITT COUNTY : Caliche, GAS, GRAVEL, OlL 

SAND. 
DICKENS COUNTY: Caliche, drilling clay, fos

sil wood, salt and associated minerals in bedded 
underground deposits, volcanic ash. 

DIMMIT COUNTY: CALICHE, GAS, gravel, i:3-
nite, miscellaneous stone, OIL, sand. 

DONLEY Cou!'iTY: Caliche, dolomite, drillong 
clay, salt and associated minerals in bedded un
derground deposits. 

Duv AL COUNTY: Caliche, chalcedony, GAS, 
MISCELLANEOUS STONE, OIL, salt and associated 
minerals in salt domes, sulphur. 

EASTLAND COUNTY: Burning clay, coal, GAS, 
gravel, limestone, miscellaneous stone, mineral 
water, OIL, sand. 

EcroR COUNTY: Caliche, diatomite, 
stone, meteoric nickel-iron, OIL, rock 

EDWARDS COUNTY: Caliche, GUANO, 
SPRINGS. 

GAS, lime
dust, salt. 
limestone, 

ELLIS COUNTY: BURNING CLAY, GRAVEL, lime
stone, MINERAL WATER, miscellaneous stone, SAND. 

EL PASO COUNTY: Caliche, CEMENT MATE
RIALS, DRILLING CLAY, GRAVEL, LIME MATERIALS, 
LIMESTONE, SAND, tin. 

ERATH COUNTY: Coal, fossil wood, GAS, lime
stone, miscellaneous stone, OIL, sand. 

FALLS COUNTY: Burning clay, GRAVEL, MIN· 
ERAL WATER, OIL, SAND. 

FANNIN COUNTY: Gravel, limestone, miscel
laneous stone, sand. 

FAYETTE COUNTY: BLEACHING CLAY, building 
stone, GRl!'IDINC PEBBLES, GAS, GRAVEL, lignite, OIL, 
SAND, volcanic ash. · 

FISHER COUNTY: Celestite, dolomite, GAS, GYP
SUM, OIL. 

FLOYD COUNTY: Caliche, GRAVEL, limestone, 
salt and associated minerals in bedded under
ground deposits, SAND. 

FOARD COUNTY: Copper, dolomite, GAS, gravel, 
gypsum, OIL, sand. 

1:0RT BEND COUNTY: Burning clay, GAS, OIL, 
salt and associated minerals in salt domes, SAND, 
SULPHUR. 

FRANKLI N COUNTY: GAS, OIL, residual iron· 
stone pebbles. 

FREESTONE CouNTY: Foundry sand, GAS, gravel, 
KAOLIN in sand, lignite, OIL, salt and associated 
minerals in salt domes, sand. 

FRIO COUNTY : Caliche, GAS, gravel, GRINDING 
PEBBLES, lignite, miscellaneous stone, OIL, sand. 

GAINES COUNTY: Caliche, GAS, limestone, OIL, 
opal and chalcedony, salt and associated min
erals in bedded underground deposits, sodium 
sulphate. 

(;ALVESTON CouNTY: Clay, GAS, OIL, OYSTER 
SHELL DEPOSITS, sand. 

GARZA COUNTY: Caliche, drilling clay, gravel, 
l:mestone, OIL, salt and associated minerals in 
boddcd underground deposits, sand. 

GILLESPIE COUNTY: Barile, chromite, dolomite, 
feldspar, fluorite, gold, GRANITE, GYPSUM, lime· 
stone, serpentine, soapstone. 

GLASSCOCK COUNTY: Building stone, caliche, 
GAS, limestone, miscellaneous stone, OIL, salt and 
associated minerals in bedded underground de
posits. 

GOLIAD COUNTY: Burning clay, CALICHE, GAS, 
OIL. 

GONZALES COUNTY: BLEACHING CLAY, gravel, 
grinding pebbles, lignite, peat, sand, VOLCANIC 
ASH. 

GRAY COUNTY: Caliche, drilling clay, GAS, mis
cellaneous stone, OIL, salt and associated min
erals in bedded underground deposits. 

GRAYSON COUNTY: GAs, gravel, limestone, min
eral water, miscellaneous stone, OIL, sand. 

GREGG COUNTY: Burning clay, GAS, lignite, 
mineral water, OIL, RESIDUAL IRONSTONE PEBBLES, 
sand. 

GRIMES COUNTY: Bleaching clay, building 
stone, fossil wood, gravel, lignite, salt and asso· 
ciated minerals in salt domes, sand, sandstone, 
volcanic ash. 

GUADALUPE COUNTY: BURNING CLAY, GAS, 
GRAVEL, grinding pebbles, lignite, limestone, OIL, 
peat, SAND. 

HALE COUNTY: Caliche, GRAVEL, salt and asso
ciated minerals in bedded underground deposits, 
SAND. 

HALL COUNTY: Burning clay, GRAVEL, salt and 
associated minerals in bedded underground de· 
posits, SAND. 
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HAMILTON COUNTY: Building stone, GAS, 
CRA VEL, limestone, MISCELLANEOUS STONE, SAND. 

HANSFORD COUNTY: Caliche, GAS, salt and as· 
sociated minerals in bedded underground de· 
posits. 

HARDEMAN COUNTY: Copper, dolomite, gravel, 
GYPSUM, miscellaneous stone, OIL, sand. 

HARDIN COUNTY: GAs, GRAVEL, OIL, salt and 
associated minerals in salt domes, SAND. 

HARRIS COUNTY: BURNING CLAY, CEMENT MA· 
TERIALS, CLAY, GAS, GRAVEL, GYPSUM, OIL, SALT 

and associated minerals in salt domes, SAND. 
HARRISON COUNTY: BURNING CLAY, GAS, iron 

ore, LIGNITE, mineral water, OIL, RESIDUAL IRON
STONE PEBBLES. 

HARTLEY COUNTY: Caliche, diatomite, drilling 
clay, GAS, salt and associated minerals in bedded 
underground deposits, volcanic ash. 

HASKELL COUNTY: Copper, GAS, GRAVEL, lime
stone, OIL, SAND. 

HAYS COUNTY: Caliche, GRAVEL, limestone, 
miscellaneous stone, SAND, SPRING. 

HEMPHILL COUNTY : Caliche, gravel, salt and 
associated minerals in bedded underground de· 
posits, sand, volcanic ash. 

HENDERSON COUNTY: BURNING CLAY, GAS, 
GRAVEL, iron ore, LIGNITE, OIL, SAND. 

HIDALGO COUNTY: BURNING CLAY, CALICHE, 
GRAVEL, OIL, SALT in surface saline deposits, SAND. 

HILL COUNTY: Burning clay, caliche, gravel, 
limestone, mineral water, miscellaneous stone, 
sand. 

HocKLEY COUNTY: Caliche, GAS, GRAVEL, lime· 
stone, OIL, salt and associated minerals in bedded 
underground deposits, SAND, sodium sulphate. 

HooD COUNTY: Building stone, GRAVEL, lime· 
stone, SAND. 

HOPKINS COUNTY: BURNING CLAY, GAS, gravel, 
LIGNITE, OIL, sand. 

HOUSTON COUNTY : Bleaching clay, BUILDING 
STONE, GAS, gravel, lignite, OIL, salt and associ· 
ated minerals in salt domes, sand. 

HOWARD COUNTY: Caliche, DRU.LING CLAY, GAS, 
GRAVEL, limestone, 011., salt and associated min· 
erals in bedded underground deposits, SA ND, 
sodium sulphate. 

HUDSPETH COUNTY: Barite, caliche, COPPER, 
DRILLING CLAY, FLUORITE, gold, GYPSUM, lead, 
LIMESTONE, quartz, RHYOLITE, SALT in surface 
saline deposits, SILVER, SPRINGS, tungsten, zinc. 

HUNT COUNTY: Burning clay, mineral water, 
miscellaneous stone, OIL, sand. 

HUTCHINSON COUNTY: Caliche, dolomite, GAS, 
gravel, OIL, salt and associated minerals in 
bedded underground deposits, sand. 

IRION COUNTY: Caliche, limestone, OIL, salt 
and associated minerals in bedded underground 
deposits, SPRING. 

JACK COUNTY : Coal, GAS, limestone, OIL. 
JACKSON CouNTY: GAS, gravel, OIL, sand. 
JASPER COUNTY: BLEACHING CLAY, gravel, mis-

cellaneous stone, sand. 
JEFF DAVIS COUNTY: Barite, GRAVEL, kaolin, 

limestone, manganese, SAND, syenite, titanium, 
tu ff. 

JEFFERSON COUNTY: Burning clay, GAS, min· 
era! water, OIL, OYSTER SHELLS, salt and associ· 
ated minerals in salt domes, SAND. 

JIM HoGG CouN1Y: Caliche, GAS, miscellane· 
ous stone, OIL. 

JIM WELLS COUNTY: Caliche, GAS, gravel, 011., 
sand. 

JOHNSON CouNTY : GRAVEL, limestone, SAND. 
JONES COUNTY: BUILDING STONE, copper, fos. 

sil wood, GAS, LIMESTONE, OIL. 

KARNES COUNTY: Bleaching clay, GAS, OIL, 
sandstone. 

KAUFMAN COUNTY : Burning clay, GRAVEL, mis· 
cellaneous stone, SAND. 

KENDALL COUNTY: Basalt, building stone, 
GRAVEL, limestone, SAND. 

K ENEDY CopNTY: Caliche. 
KENT COUNTY: Gravel, miscellaneous stone, 

salt and associated minerals in bedded under· 
ground deposits, sand, volcanic ash. 

KERR COUNTY: Building stone, caliche, gravel, 
limestone, sand, SPRING. 

KIMBLE COUNTY: Limestone, OIL. 
KrnG CouNTY: Copper, dolomite, fossil wood, 

gypsum, miscellaneous stone, OIL. 
KINNEY COUNTY : Asphaltic limestone, barite, 

ca!iche, gravel, limestone, sand, SPRING. 
KLEBERG COUNTY: Caliche, GAS, OIL. 
KNOX Co u NTY: Copper, GRAVEL, SAND. 
LAMAR COUNTY: Gravel, limestone, mineral 

water, sand. 
LAMB COUNTY : Caliche, drilling clay, oil, salt 

and associated minerals in bedded underground 
deposits, sodium sulphate. 

LAMPASAS COUNTY : Gravel, limestone, mis
cellaneous stone, sand, tripoli. 

LA SALI.E COUNTY : Caliche, GAS, gravel, min· 
eral water, OIL, sand. 

LAVACA COUNTY : GAS, OIL, sand. 
LEE COUNTY : Burning clay, gravel, grinding 

pebbles, lignite, limestone, miscellaneous stone, 
PEAT, quartzite, sand, sandstone. 

LEON CouNTY : Bleaching clay, fossil wood, 
GAS, gravel, lignite, miscellaneous stone, OIL, salt 
and associated minerals in salt domes, sand. 

LIBERTY Cou NTY: GAs, GRAVEL, OIL, salt and 
associated minerals in salt domes, SAND, sulphur. 

LIMESTONE COUNTY: Burning clay, GAS, gravel, 
lignite, limestone, OIL, sand. 

LIPSCOMB COUNTY: Caliche, salt and associ. 
ated minerals in bedded underground deposits, 
sand. 

LlvE OAK CouNTY : Caliche, drilling clay, GAS, 
GRAVEL, OIL, SAND. 

LLANO CouNTY: Asbestos, barite, bismuth, 
dolomite, FELDSPAR, GRANITE, graphite, IRON ORE, 
limestone, MAGNESITE, molybdenum, rare earth 
minerals, serpentine, silica, soapstone, tungsten, 
vermiculite. 

LOVING COUNTY: Caliche, GAS, OIL, salt and 
associated minerals in bedded underground de· 
posits. 

LUBBOCK COUNTY: Caliche, gravel, limestone, 
MISCELLANEOUS STONE, OIL, salt and associated 
minerals in bedded underground deposits. 

LYNN COUNTY: Caliche, drilling clay, MAG· 
N ESIUM SULPHATE, salt and associated minerals 
in bedded underground deposits, SODIUM SUL· 
PHATE, volcanic ash. 

McCULLOCH COUNTY: Caliche, coal, dolomite, 
GAS, gravel, limestone, OIL, sand. 

McLENNAN COUNTY: Burning clay, CEMENT 
MATERIALS, GRAVEL, LIMESTONE, OIL, SAND. 

McMULLEN COUNTY: Bleaching clay, chalced· 
ony, GAS, GRAVEL, grinding pebbles, lignite, OIL, 
SAND. 
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MADISON CouNTY: Burning clay, gravel, lig· 
nite, sand. 

MARION COUNTY: GAS, iron ore, lignite, OIL, 
residual ironstone pebbles. 

MARTIN COUNTY: Caliche, limestone, MISCEL· 
LANEOUS STONE, OIL, salt and associated min· 
erals in bedded underground deposits. 

glass 
lime· 

topaz, 

MASON COUNTY: Dolomite, fluorite, 
sand, granite, gravel, guano, IRON ORE, 
stone, magnesite, MANGANESE, mica, tin, 
sand. 

MATAGORDA COUNTY: Drilling clay, GAS, OIL, 
OYSTER SHELLS, salt and associated minerals in 
salt domes, sulphur. 

MAVERICK COUNTY: Burning clay, caliche, coal, 
GAS, gravel, sand. 

MEDINA COUNTY: BURNING CLAY, GAS, gravel, 
grinding pebbles, GUANO, lignite, limestone, OIL, 
sand. 

MENARD COUNTY: Caliche, GAS, gravel, gyp· 
sum, limestone, sand. 

MIDLAND COUNTY: Caliche, limestone, salt and 
associated minerals in bedded underground de· 
posits, sodium sulphate. 

MILAM COUNTY: GAS, GRAVEL, LIGNITE, MIN· 
ERAL WATER, OIL, PEAT, SAND. 

MILLS COUNTY: Caliche, gravel, limestone, 
miscellaneous stone, sand, and sandstone. 

MITCHELL COUNTY: GAS, gravel, gypsum, mis· 
cellaneous stone, OIL, salt and associated min· 
erals in bedded underground deposits, sand. 

MONTAGUE COUNTY: Asphalt, burning clay, 
coal, fossil wood, GAS, GRAVEL, limestone, OIL, 
SAND. 

MONTGOMERY COUNTY: GAS, GRAVEL, OIL, sand. 
MOORE COUNTY: Caliche, dolomite, GAS, gyp. 

sum, OIL, salt and associated minerals in bedded 
underground deposits. 

MORRIS COUNTY: IRON ORE, lignite, miscel
laneous stone, residual ironstone pebbles. 

M OTLEY COUNTY: Caliche, gravel, salt and 
associated minerals in bedded underground de· 
posits, sand, SPRING. 

NACOGDOCHES COUNTY: Asphalt, BURNING 
CLAY, CAS, iron ore, lignite, mineral water, OIL, 
RESIDUAL IRONSTONE PEBBLES. 

NAVARRO COUNTY: BURNING CLAY, GAS, gravel, 
limestone, OIL, sand. 

NEWTON COUNTY: Gravel, miscellaneous stone, 
oil, sand. 

NOLAN CouNTY: CELESTITE, dolomite, GRAVEL, 
GYPSUM, limestone, SAND. 

NuECEs CouNTY: GAs, GRAVEL, OIL, OYSTER 
SHELLS, SAND. 

OCHILTREE COUNTY: Caliche, salt and associ· 
ated minerals in bedded underground deposits, 
sand. 

OLDHAM COUNTY: Caliche, dolomite, GRAVEL, 
salt and associated minerals in bedded under· 
ground deposits, SAND. 

ORANGE COUNTY: Burning clay, GAS, OIL, salt 
and associated minerals in salt domes, SAND. 

PALO PINTO CouNTY: BuRNING CLAY, coal, 
CAS, GRAVEL, limestone, MINERAL WATER, OIL, 

SAND. 
PANOLA COUNTY: GAS, lignite, OIL, residual 

ironstone pebbles. 
PARKER COUNTY: BURNING CLAY, coal, GAS, 

gravel, limestone, MISCELLANEOUS STONE, sand. 
PARMER COUNTY: Caliche, salt and associated 

minerals in bedded underground deposits. 

PECOS COUNTY: BUILDING STONE, GAS, GRAVEL, 
limestone, OIL, salt and associated minerals in 
bedded underground deposits, SAND, SPRING. 

PoLK COUNTY: GAS, GRAVEL, OIL, peat, RICE 
SAND, SAND, volcanic ash. 

POTTER COUNTY: Burning clay, caliche, dolo· 
mite, GAS, GRAVEL, gypsum, salt and associated 
minerals in bedded underground deposits, SAND. 

PRESIDIO COUNTY: Coal, copper, fluorite, gold, 
GRAVEL, lead, limestone, MERCURY, nitrates, rhyo· 
lite, SAND, silver, SPRING, zinc. 

RAINS COUNTY: Burning clay, lignite. 
RANDALL COUNTY: Caliche, miscellaneous 

stone, salt and associated minerals in bedded 
underground deposits. 

REAGAN COUNTY: Caliche, GAS, limestone, OIL, 
salt and associated minerals in bedded under· 
ground deposits. 

REAL COUNTY: Caliche, celestite, kaolin, lime· 
stone, SPRING. 

RED RIVER COUNTY: Burning clay, gravel, mis· 
cellaneous stone, sand. 

REEVES COUNTY: Agate, drilling clay, GRAVEL, 
limestone, OIL, salt and associated minerals in 
bedded underground deposits, SAND, SPRING, 
sulphur. 

REFUGIO COUNTY: Building sand, GAS, OIL. 
ROBERTS COUNTY: Caliche, gravel, salt and 

associated minerals in bedded underground de· 
posits, sand, volcanic ash. 

ROBERTSON COUNTY : Burning clay, GRAVEL, Jig. 
nite, SAND. 

ROCKWALL COUNTY: Gravel, miscellaneous 
stone, sand. 

RUNNELS COUNTY : GAS, GRAVEL, limestone, 
on~ SAND. 

RusK CouNTY: BURNING CLAY, GAS, iron ore, 
lignite, OIL, peat, 'residual ironstone pebbles. 

SABINE COUNTY: Bleaching clay, burning clay, 
lignite, residual ironstone pebbles. 

SAN AUGUSTINE CouNTY: Burning clay, gravel, 
lignite, miscellaneous stone, residual ironstone 
pebbles, sand. 

SAN JACINTO COUNTY: GAS, GRAVEL, OIL, peat, 
rice sand, SAND. 

SAN PATRICIO COUNTY: Caliche, GAS, GRAVEL, 
OIL, SAND. 

SAN SABA COUNTY: Building stone, calcareous 
tu/a, dolomite, GRAVEL, LIMESTONE, oil shale, 
SAND. 

SCHLEICHER COUNTY: Caliche, GAS, limestone, 
OIL. 

SCURRY COUNTY: Caliche, GAS, gravel, lime· 
stone, OIL, salt and associated minerals in 
bedded underground deposits, sand, VOLCANIC 
ASH. 

SHACKELFORD COUNTY: GAS, LIMESTONE, OIL. 
SHELBY COUNTY: GAS, lignite, OIL, residual 

ironstone pebbles. 
SHERMAN COUNTY: Caliche, GAS, GRAVEL, salt 

and associated minerals in bedded underground 
deposits, SAND. 

SMITH COUNTY: BURNING CLAY, GAS, GRAVEL, 
iron ore, lignite, OIL, peat, salt and associated 
minerals in salt domes, sandstone, SPRING. 

SOMERVELL CouNTY: Gravel, LIMESTONE, MIN· 
ERAL WATER, sand. 

STARR COUNTY: BURNING CLAY, caliche, fossil 
wood, GAS, gravel, OIL, sand, volcanic ash. 

STEPHENS COUNTY: Coal, GAS, limestone, OIL. 
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STERLING COUNTY: Limestone, miscellaneous 
stone, salt and associated minerals in bedded 
underground deposits. 

STONEWALL COUNTY: Copper, dolomite, GAS, 
GRAVEL, gypsum, limestone, OIL, salt in surface 
saline deposits, SAND. 

SUTTON COUNTY: Building stone, caliche, 
guano, limestone, SPRING. 

SWISHER COUNTY: Bleaching clay, caliche, salt 
and associated minerals in bedded underground 
deposits, volcanic ash. 

TARRANT COUNTY: CEMENT MATERIALS, GRAVEL, 
limestone, MOLDING SAND, SAND. 

fiYLOR COUNTY: BURNING CLAY, celestite, GAS, 
GRAVEL, limestone, OIL, SAND. 

TERRELL COUNTY: Caliche, gravel, LIMESTONE, 
aand. 

TERRY COUNTY: Caliche, DRILLING CLAY, GAS, 
OIL, salt and associated m inerals in bedded un
derground deposits, SODIUM SULPHATE. 

THROCKMORTON COUNTY: GAS, gravel, lime· 
stone, OIL, sand. 

TITUS COUNTY: BURNING CLAY, GAS, LIGNITE, 
OIL, residual ironstone pebbles. 

ToM GREEN COUNTY: Burning clay, GRAVEL, 
LIMESTONE, MISCELLANEOUS STONE, OIL, SAND, 
SPRING. 

TRAVIS COUNTY: Basalt, GRAVEL, grinding peb
bles, LIMESTONE, mineral water, OIL, SAND, SPRING. 

TRINITY COUNTY: BLEACHING CLAY, BUILDING 
STONE, gravel, lignite, sand. 

TYLER COUNTY : GAS, gravel, miscellaneous 
stone, OIL, residual ironstone pebbles, sand, vol
canic ash. 

UPSHUR COUNTY: Burning clay, GAS, GRAVEL, 
iron ore, lignite, OIL, RESIDUAL IRONSTONE PED· 
BLE.S, SAND. 

UPTON COUNTY: Caliche, DRILLING CLAY, GAS, 
limestone, miscellaneous stone, OIL, salt and as
sociated minerals in bedded underground de
posits. 

UVALDE CouNTY : ASPHALT, BASALT, gravel, 
grinding pebbles, GUANO, limestone, sand, spring. 

VAL VERDE COUNTY: Barite, caliche, fiag· 
stone, GRAVEL, limestone, manganese, SAND, 
SPRING. 

VAN ZANDT COUNTY : GAS, lignite, OIL, resi· 
dual ironstone pebbles, SALT and associated min
erals in salt domes, SPRING. 

VICTORIA COUNTY: GAS, GRAVEL, OIL, SAND. 
w ALKER COUNTY: BLEACHING CLAY, gravel, 

lignite, MISCELLANEOUS STONE, sand, volcanic ash. 
WALLER COUNTY: GAs, gravel, OIL, salt and 

associated minerals in salt domes, sand. 
WARD COUNTY: Caliche, GAS, OIL, salt and as

sociated minerals in bedded underground de
posits, sandstone, SODIUM SULPHATE. 

w ASHINGTON COUNTY: Bleaching clay, fossil 
wood, GAS, gravel, lignite, miscellaneous stone, 
OIL, road clay, salt and associated minerals in 
salt domes, sand, volcanic ash. 

WEBB COUNTY: BURNING CLAY, caliche, cannel 
coal, clay, GAS, GRAVEL, OIL, SANO. 

WHARTON COUNTY : GAS, GRAVEL, OIL, salt and 
associated minerals in salt domes, SAND, SULPHUR. 

WHEELER COUNTY : Caliche, GAS, gravel, OIL, 
salt and associated minerals in bedded under
ground deposits, sand. 

WICHITA COUNTY: Burning clay, GAS, GRAVEL, 
OIL, SAND, volcanic ash. 

WILBARGER COUNTY: Dolomite, GAS, gravel, 
limestone, OIL, sand, volcanic ash. 

WILLACY COUNTY: Burning clay, GAS, OIL, SALT 
in surface saline deposits. 

WILLIAMSON Com!TY : BUILDING STONE, GAS, 
GRAVEL, grinding pebbles, LIMESTONE, PULVERU• 
LE."IT LIMESTONE, OIL, SAND. 

WILSON COUNTY: Burning clay, gravel, kaolin, 
lignite, mineral water, miscellaneous stone, OIL, 
sand. 

WINKLER COUNTY: Caliche, GAS, limestone, 
OIL, salt and associated minerals in bedded un
derground deposits. 

WISE COUNTY: BURNING CLAY, coal, fossil 
wood, LIMESTONE, OIL. 

Wooo COUNTY: BURNING CLAY, GAS, iron ore, 
LIGNITE, OIL, salt and associated minerals in salt 
domes. 

YOAKUM COUNTY: Caliche, GAS, OIL, salt and 
associated minerals in bedded underground de· 
posits. 

YOUNG COUNTY: Building stone, COAL, GAS, 
gravel, limestone, OIL, sand. 

ZAPATA COUNTY: Caliche, GAS, gravel, miscel· 
laneous stone, OIL, sand. 

ZAVALA COUNTY: Asphaltic sand, GAS, gravel, 
grinding pebbles, ligni te, limestone, sand, caliche. 





The University of Texas Publication 4301 

Generalized columnar section of subdivisions of Lower Ordovician and 

Upper Cambrian rQcks in part of rwrth·~ntra1 Teus. 
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LEASE OWNERSHIP AS OF MARCH, 1945 

Symbol 
on Map Lessee 

A Blackwell Oil and Gas Co. 
B Blanco & Buchanan 
D D. H. Bolin 
E C. \V. Boller 
F Bridwell Oil Co. 
G Perry B1·owning 
J Chapman & Ji.1cFarlin 
K Cockran & Cain 
M Cristie Hickman Drilling Co. 
N Deep Oil Development Co. 
0 Deep l~ock Oil Corp. 
P A. R. Dillard 
Q E. C. Oil Co. 
R H. D. Egger 
S Fain & Riner 
T Falls Refining Co. 
U Golding & Cochran 
V Gulf Oil Corp. 

\V lo>va Payne Oil Co. 
X Kadane Inc. 
Y G. E. Kadane & Sons 
Z Kadane-G1·ifiith Oil Co. 
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on Map 
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'-·~ 
P. G. Lake, Inc. 
Lewis Prod. Co. 
Lewis Prod. Co. & Selby Oil & Gas Co. 
Magnolia Petroleum Co. 
Mui-Berry Oil Co. 
Murchison and Wynne 
Panhandle Refining Co. 
Shell Oil Co., Inc. 
She11 Oil Co., Inc., & Phillips Petroleum Co. 
Showers & Moncrief 
Sunray Oil Co. 
The Texas Co. 
Tidewater Associated Oil Co. 
Ven. Mex. Oil Co. of Texas 
Mrs. Hulda Wallace 

0 
L. 

'i 0 
< 
' - "> ' ----I 

' I 
' w L BARGER 

I w c H T A 

' 
! I 

,-------------1--------~ 
I ' 
' I 
! i I , 
i ARCHER! 

E \ X · A! 

a A y L 0 R 

T 

c L A 

s 

y 

' , 

I 
' 
I 
' I I 

I _J ' I- --

2£ ' . . 
~ • '324.J 

-> 520 

~~~ 
-3·4 ~ -·- ~ 

\. 
·<.J'~ .... 

Q. . .S--:__.,.> 3 0 € 

. . . -J.to 
• 516' 

32c·Q · · 
. .. " . 
·JJJ/. ~ ' 

• 13~ • J"~ ' . . 
~ 3.2·---~~.-:'.'. 

5. 

~------------~------------· 

24 

I 

SCALE 

n 5, 10 15 20 Miles 
T~. -~· -~·-~·-~· 

Ka may 

'flc~~a. P-"°.-.----/-------------j---------"------,.:• •• 
N~,:~',";''.N 

~·i/1LL;~s 
~• 1~~06°: 

. ~54 . 
. . 

A-258. · · 
' . . ' ... "'~""'.s. 

w_. L.,Ho~es . 
J",,$ • 

.o"'-. 
-~ . ,, 

• S· '" • ·J/SS 

~·- -.- -.-
. eo· 

.oQ 

"' - -,- -. 

1J£ 

-±~ .. i'43 
W. P. ~ol·d,ing 

~IE . 

•• 
•.S/26. 

'" 
I ,. 
" .. 

.. 
' 

el ol. 

-----'-~-e;, G 
. I. I. • I 

. l ·l . . IE ] . 

·~·I• ·-3~s·1· 
• • , I . · • !17$ 1· Q"A.'· -.20.- -1.- -. I.,. 

22 

. ' -- -- -·--·-- - -..i 

' . 21 ~ 

' ,I. , -,--~-."i-: 
• I - ':"' -.-, .. oi • ·3230 

"' 
"-~~,K £. M P S ' 

9£ .......... _.... 1. , I / I 
.Q •-3216. ·3202 I I. . I 

.. 
' ' .. ·Geo. F.·LebUS• ~ 3•9 ~ 04 l I : 

' ' ' ' l 

' ' f . I 

. . . • I . , t 

' I 
I. 't 

·I ' 
I• ·1 

., ' 

•· 

W I C ·H: I· T- 'A 
- :... -·- -·-..:. :- ·1~: ~ :....-· 

' 

V·A· L /,: E.>r · ... · .. 
-:-.~:~.-.-~I~ .-·1 ~ ~ ~ .-.-.- ' 

I • ' - -·- - ~ 

;1 " / . "!-, . ., ...... 2 . 
.-. · 1 ........ ;/l 

·- . y ' • • ./. "":---: . . 

I /"~ 

- -

,. 
'-~ _._ -·- -· - .:. 

RM L.A. ·No· S 

16 - -

I 

17. -· 

' ' ' '· ' .. ,. 
·' " 

• 

1000 

41 

' '· ' '. p 

• 
! 
@ 

-4-

D 
C2] 

--
! 

EXPLANATIO~' 

Diocov<rv well in the E.llcnbut~r l;mcstone, 

Orv hnl" 

A•ea in whioh •ub-unit B·Z form• rop h•do of E.llenb•Hlr"' 
!ime•fone 

A1oa in which •uh-unit C1 fomto \op beJ, of E.llenhu•ge• 
lime.,tone. 

A,.,,. in which initial iliiily potentla! of oil .. ,.11, "'" ' greate1 
th•n 2.000 1 .. rrelo 

Area in which lnitial daily poknLial of oil wells was between 
1,000 and 2.000 bo.rrelo. ln uneolored area, initial daily 
ootential ~1 oil "-·dlo v.·•• lo" than 1.000 b.."elo 

lot lxmn~~ry 

L,,nd owner<hip boundary 
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JOHN A-386 
FERGUSON 

Sun·ey name and abstroct number 

Survey oubdivioion n~me. 

AB 

~riffin 

9 

9 

·32e1 

'" 
-3t00-
-lf25-

Lcaac ownership, Symboh co"e.,pond lo thu•o in ao<ompanv 
;~g li•t ,,11~·-· 

Lease •ubdlvi•ion 

s~ctinn number 

Lot nllmbor 

Woll nllmhe.· 

.-f.lev~tinn b,-.low "'"level of top of Ell•nbm~eJ 

Po,.ntC.l Yield in bone lo of o;] f>"' doy 

C.-.ntou" Fi~ure• indicM• ~levoti~n hda" sea levol 

SCALE 

Plate XI 

0 3000 Feet 

~·.,.,.----
-·- _. - -·- -f 4'13 •.J358 

I ' • . 

'· . 

....,.....,..-J-::.1-=,...t't/-/-1-v.; 
I .42. 
1,--T"-------

R :L. ~empner 

/ 
A- 681 

31 30 

Map of southwestern part of K. M.A. oil field, north-central Texas. Shows only ''Vells that encountered the Ellenburger limestone, distribution of subdivisions of Ellej burger, and contours drawn on top of Ellenburger limestone. 
Contour interval 25 feet 

By A. J. Crowley 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 



The University of Texas Publication 4301 

LEGEND 
TOTAL PRODUCTION VALUES, 1933 THROUGH 1942 

o SMALL PRODUCTION UNRECORDED 
• PRODUCTION UNDER s100,ooo 
A $1Q0,000 TO $1,000,000 

• h,000,000 To $s,ooo,ooo 

@ $5,oqo.000 TO $25,ooo,ooo 
@ $2s,ooo,ooo TO $so,ooo,ooo 
~ $5Q~0~0,000 TO $100,000,000 

VALUES EXCLUSl' /E Of OIL AND GAS 

Plate XVIII 

~ 
N 

SCALE 
0 25 75 125 MILES 
~-----l§l~~~ .... --iii""'~~--72iiii 

Map -;;-(Texas showing mineral production values by counties, decades 1933-1942, exclusive of oil and gas. 



., 

'' . ;\ 

The University. of Texas Publication 4301 

LEGEND 
I ' 

TOTAL OIL PRODUCTION IN BARRELS, 1943 

• 

• 
@, · 
@ 

(®). 

PRODUCTION UNDER 100,000 

100,000. TO 1,000,000 

1,000,000 TO 5,000,000· 

s,000,000 ro is,000,000 

:;?5,000,000 TO ,50,000,00Q 

50,000,000 TO 60,000,000· 

;STAT.f: TOTAL· 589,194,906 BARRELS 

.0.- : :PRODUCTION OF GAS, WITH OR WITHOUT 

Plate XIX 

N 

SCALE 
OIL, 1943 0 25 75 125 MILES 

~~=---~=-~ 

Production of oil by counties, 1943, and distribution by counties of recorded commercial gas prcduction, 194-3. 
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Map of Texas showing distribution by counties of certain mdustnal minerals and mmeral substances: 
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Map of Texas showing distribution by counties of certain industrial minerals and mineral substances. 
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Map of Texas showing distribution by counties of certain industrial minerals and mineral substances. 
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Map of Texas showing distribution by counties of certa in industrial minerals and mineral substances. 
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abrasive materials : 245-24.8 
sands: 298 

Albany sand : 289 
Alibates Creek: 259 

dolomite lentil : 259 
Alice Ray mine : 371, 376 
Alice terrace : 207 
Allamoore copper district: 366, 375 
Althaus pegmatite: 102 
Altuda Mountain: 31, 32, 375 
Amarillo uplift: 179, 182, 183 
American Foundrymen's Association: 287 

definition of classifications: 287-289 
Anahuac field: 188 
analyses, barite: 107 

Bi&" Branch gneiss : 57 
cap rock at Damon Mound : 267 
coal: 201-204 
Corley sand: 290 
diatomite: 240, 241, 242 
dolomite: 264 
glass sands : 295 
granite: 104 
ground water: 280 
gypsum: 46, 216-226 
hornblendite : 69 
limestone : 4.f 
man&"anese : 252, 25.f, 257 
oil: 194 
oil field waters : 335-353 
serpentine: 76 
spiculite : 278 

Anderson, C. T . : 283 
Anderson County: 19, 187, 379 
andradite: 256 
Andrews Cou'1ty: 179, 181, 379 
AnK"elina County: 188, 379 
anhydrite: 188, 208 
anthophyllite: 82-86 
antimony: 32 
Antrim Church: 20 

fault zone: 19-27 
Aransas County: 190, 379 
Archer County : 183, 184, 191-195, 379 
Arkansas : 187 
Armstrong County: 239-240, 379 
Army and Navy Munitions Board: 9 
artifacts: 284, 285 
arsenic: 32 
asbestos: 76, 3fi4 
asphalt: 364 
Atascosa County: 379 
Austin County : 188, 379 

formation : 186, 187, 199 
Aviator field: 189 

Babb ranch: 250, 253 
Badu Hill pegmatite : 97-100 
Dailey County: 379 
Baker celestite . localities : 126, 127 
Baker, C. L. : 230 
Balcones fault zone: 185, 186 
Bammel field: 188 
Bandera County: 379 
banding sand : 298 
Barin&"er Hill : 376 

pegmatite: 100-102 
barite: 105-111, 208, 364 
Barnes, V. E.: 109, 110, 238, 271 
basalt: 364 
basement rocks : 181 
basic rocks: 57-60 
basin, wind-formed : 284, 285 
Bastrop County: 185, 284, 379 
Baylor County : 183, 184, 379 

barite in : 106 
Bear Grass: 204 
Beaumont cfo.y, water in: 307 

formation: 207 
terrace: 207 

bedded celestite deposits: 115 
Bee County: 190. 379 
Bell County: 379 
Bend arch: 179. 182-183. 184, 185 

formation: 184 
Bennett-Clark C::impany, Inc., The: 130 

INDEX 

bentonite: 364 
Panther Creek : 292, 293 
Volclay: 292, 293 

Bettis celestite locality : 127, 129 
Bevier, G. M. : 265 
Bexar County: 185, 284, 379 
bibliography, Baringer Hill pegmatite: 100-102 

Bird mine: 33 
celestite: 131 
coal: 206 
Devonian: 176-177 
Ellenburger: 160-161 
gypsum, Hockley dome: 214-215 
industrial sand: 300 
mica: 30 
soapstone: 91 

Big Branch area: 60-74 
gneiss: 56-57 

Bigford formation: 203 
Big Lake field: 181 
binder, foundry sand: 292 
hiotite: 30 
Rird Ests.te celestite locality: 126, 129 
Bird mine: 31-33 
bismuth: 364 
bituminous coal: 197, 199 
Black Hill prospect: 371 
Black Shaft mine: 367 
Blackwell celestite area: 119-123 
Blanco County: 29, 56...j)O, 74-81, 153-160, 169-176, 

379 
blanket celestite deposits: 115 
bleaching clay: 364-365 
Blossom sand: 187 
bolson deposits, water in: 309 
Bonanza mine: 371, 376 
Boothe celestite locality: 117-118 
Borden County: 379 
Bosque County: 379 
Bowie County: 185, 379 
Boyd celestite locality: 126, 127 
braunite: 256 
Bravo dome: 182 
Brazoria County: 188, 379 

limestone in: 265-269 
Brazos County: 379 

River reservoirs : 311 
Brewster County: 379 

barite in: 106 
lead-silver in: 31-33 

Bridgeport: 199 
mine : 203 

Bridges Mill Branch: 25 
brines: 365 
Briscoe County: 379 
bromine: 365 
Brooks County: 189, 190, 379 
brown coal : 197 
Brown County: 184, 379 

barite in: 106 
celestite district : 124-130 

Bruce, William J .: 191 
Buck prospect: 372 
Buda formation : 186, 187 
building stone: 365 
Bureau of Industrial Conservation: 
Burleson County : 186, 379 
Burnet County: 29, 102-104, 238, 272, 379 
burning clay: 366 
Burns celestite locality: 126, 127 
Bush dome: 182 

Caldwell County: 185, 186, 284, 379 
Calhoun County : 188, 379 
caliche: 365 
Callahan County: 184, 379 
Cambrian rocks: 37, 149-151, 154--156, 183, 18! 
Cameron County : 379 
Camp County: 379 
Canadian River: 259 
cannel coal: 197, 366 
Canyon group: 184, 199 
Capitan formation : 32 
Cap Mountain limestone member: 37. 154 
cap rock: 211 
carbon: 366 
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Carboniferous rocks: 163. 169 
Carrizo formation, water in: 306 
Carson County: 182, 379 
Cass County: 186. 187, 379 
Castro County: 379 
Catahoula formation: 188, 190 
cavern celestite deposits: 114 
celestite: 113-131, 366 
cement materials: 366 
Cenozoic: 179, 187, 188 
Central Basin Platform: 179-182 
Central Mineral region, anthophyUite: 82-86 

asbestos: 76 
basic rocks: 67-60 
Big Branch gneiss: 66-57 
Cambrian rocks: 37, 149-151, 154-166 
Carboniferous rocks: 163, 159 
chromite: 75-76 
Devonian r ocks: 163-177 
diorite: 57-60 
feldspar: 93-104 
gypsum: 35-36 
hornblendite: 57-60 
limestone: 43-45 
magnetite: 76 
nickel: 76 
Ordovician r ocks: 133-161 
pegmatites: 93-104 
serpentine: 55-91 
soapstone: 65-91 
stratigraphy: 35-46, 56-60, 133-177 
tremolite: 60-7 4 
vermiculite: 72-73, 82 

central Texas. See Central Mineral region 
Chaffin coal : 199. 203 
chalcedony: 366 
Chambers celestite locality: 126, 127 
Chambers County: 188, 379 
Chapman. L. C.: 208 
Chappel rocks: 174-176, 184 
chemical sands: 283, 298-299 
Cherokee area: 149-153 

County: 186, 187. 379 
Chichi: 197 
Childress County: 379 
Chinati mine: 371, 375 

Mountains : 237 
Chisos mine: 37 4 
Chispa Flat: 254 
chromite: 75-76, 366 
chromium: 368 
Church-Field-McElroy field: 181 
Cisco formation: 182, 184, 203 
Claiborne formation: 188, 190 
clay: 366 

content: 287, 288 
content class : 287, 288 

Clay County: 183, 184, 379 
Clear Creek pegmatite: 102 
Coal Creek area: 74-81 
coals: 197-206, 366 
Cochran County: 179, 181, 37!) 
Coke County: 379 

celestite in: 119 
Coleman County: 184, 380 
Col1in County: 380 
Collingsworth County: 380 
Colorado: 179 

County: 48-49. 54, 188, 380 
River reservoirs: 311 

Comal County: 380 
Comanche County: 380 

celestite in: 124, 130 
Creek area: 74-81 

Concho County: 380 
Conroe field: 188 
Cooke County: 183. 184, 380 
copper: 366--367 
Corley sand deposits: 283-300 
Corley, W. C.: 283 
Corsicana field: 186 
Coryell County : 380 
Cottle County: 380 
Crabapple Creek area: 83-86 
Crane County: 179, 181 , 380 
Cretaceous rocks: 35-46, 159-160, 179, 183, 185, 187, 

189, 190, 274 
Crockett County: 181, 380 
Crosby Countyj 240-241, 380 
Culberson County: 29, 366. 380 

barite in: 106-108 

Cummins, W. F . : 239. 241 
Dallam County: 380 
Dallas County : 380 
Damon Mound, limestone on: 265-269 
Davis Estate celestite locality : 126, 128 
Davis ranch: 108 
Dawson County: 380 
Deaf Smith County: 380 
deformation test: 291 
Delaware Mountain formation: 106 
Delta County: 380 
Denton County: 380 
depth-temperature curves: 314-318 
Deussen, Alexander: 208 
Devonian: 180, 181, 183 

rocks of central Texas: 163-177 
DeWitt County: 190, 380 
Diablo prospect: 371 
diatomite: 239-243, 247-248, 368 
Dickinson-Gillock field : 188 
Dickens County: 241, 249, 380 
Dikes celestite locality: 126, 127 
Dimmit County: 190, 380 
diorite: 57-60 
dolomite: 259-264. 368 
Dolores shaft: 204 
Donalson Creek: 274 
Donley County: 380 
Double Mountain formation , section in: 120, 122 
Douglas celestite locality: 127, 129 
drillers' logs, gypsum core holes: 215-225 
drilling clay : 368 
dry compression test : 291 
Dunn Estate celestite locality : 126, 128 
Dunsworth celestite locality : 126, 128 
durability test: 291 
Duval County: 189. 190, 880 

Eagle Ford group : 199 
Eagle Mountains: 199, 229 
Eagle Pass: 199 
Eagle Spring fluorspar area: 235-237 
earth temperatures: 313-327 
Eastland County: 184, 380 
East Texas basin: 179. 185-187 

field: 187 
Ector County: 179, 181, 241. 380 
Edwards County: 380 

limestone : 35-46, 186 
water in: 305 

effective size, filter sand: 293 
Electra arch: 179 
Elkhart: 19 
Ellenburger group: 133-161, 181. 184 

limestone subdivisions: 191-195 
water in: 304 

Ellis County: 380 
El Paso County: 380 
engine sand : 283, 297 
Eocene: 187. 188, 189. 190 

industrial sand from: 283-300 
Erath County: 184. 199. 380 
Escobas field : 189 
Esperson field: 188 
Evans celestite locality: 118, 126, 129 
Evansville : 204 
evaporite: 40-43, 368 
expansion test: 291 

Fain-McGaha Oil Corp. Griffin "B" Ellenburger No. 
1: 191 

Fairbanks field: 188 
Fairchild celestite locality: 126, 127 
Falls County: 185, 284, 380 
Fannin County: 380 
Faulkner celestite locality: 126, 127 
faulting in Houston County: 19-27 
Fayette County: 48-49, 54, 880 
Feely: 249 
feldspar deposits: 80, 93-104, 248, 368 
ferroalloy metals: 368 
fertilizer materials: 369 
Fields Chapel: 19 
filter sands : 283, 293-294 
fire sand: 298 
Fisher, R . B.: 283 
Fisher County: 184, 380 

celestite in: 123-124 
Fitzgerald, W. H .: 288 
flagstone: 869 
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flint liner for pebble mill: 54 
pebbles: 47-64 
tube-mill liner: 246 

flooring sand : 300 
ftowability test: 291 
Floyd County: 380 
flu ors par: 227-238, 369--370 
F'oard County: 183, 184, 380 
Fort Bend County: 188, 380 
Foster ranch: 106 
foundry sands: 283, 285, 287, 291-293, 294 
foundry-sand tests, Corley sand: 292 
Franklin County: 185, 187, 380 
Fredonia : 265 
Freestone County: 185, 186, 187, 380 

industrial sand in: 283-300 
Fresno mine: 374 
Friendswood field: 188 
Frio County: 48, 53-64, 190, 380 

formation: 188, 190 
Fritch: 262 
fuller's earth: 370 
Fullerton field : 181 
furnace sand: 283, 298 

Gaines County: 179, 181, 380 
galena: 31, 32 
Galveston County: 188, 380 
Ganado field: 188 
Garza County: 380 
gas: 179-190, 370 
Georgetown limestone: 187 
Gillespie County: 29, 35-46, 56--81, 83-86, 102, 148, 

380 
barite in: 108 

Glasscock County: 181, 380 
glass grinding sand: 298 
glass sands: 283, 294-297, 370 
Glen Rose formation: 113, 124, 186, 187 
gold : 370, 375-376 
Goldsmith field : 181 
Goliad County: 190, 380 

sand, water in: 307 
Gonzales County: 380 
Gordon: 199 
Gorman formation: 144-146, 151-152, 157-158 
gossan : 32 
Government Wells field : 189 
grain-analysis procedure: 289, 290 
grain characterization of sands : 289 
grain-distribution number: 288 
grain-fineness class : 287, 298 

number: 287, 291 
grain shape: 287, 288 
granite: 182, 370 

analyses : 104 
wash: 182 

graphite: 370 
gravel: 47-54, 370 
Gray County: 182, 380 
Grayson County: 380 
green compression test: 291, 292 
greensand: 370 
Greenville : 185 
Gregg County: 187, 380 
Grimes County: 380 
grinding pebbles: 47-64, 246, 370 
ground water analysis: 280 
Guadalupe County: 185, 188, 284, 380 
guano: 370 
Gulf Coast Tertiary water sands: 307 
Gulf Coastal Plain: 185, 283, 286 
Gulf of Mexico geosyncline: 187 
Gulf Oil Corporation: 191 
gypsum: 35-46, 207-226, 370 

Hale County: 380 
Hall County: 380 
Hamburg fauna : 176 
Hamilton County: 381 
Hancock Park: 275 
Hansford County: 381 
Hardeman County: 381 
Hardin County: 188, 381 

field: 188 
Harris County: 188, 207, 381 

ranch: 275 
Harrison County: 187, 206, "381 
Hartley County: 182, 241-242, 381 
Haskell County : 381 
Hastings field: 188 
Hastings, W . W.: 280 

Hays County: 381 
Hazel mine: 367, 376 
helium: 182 
Hemphill County: 381 
Henderson County: 187, 381 
Hendricks field: 181 
Hendricks, Leo: 191 
Heterostegina lime: 266 
Hickory sandstone member: 37, 164 

water in : 30$ 
Hidalgo County: 190, 381 
High Plains Tertiary water sands: 308 
Hi1ihtower celestite locality : 126, 128 
Hildreth field : 184 
Hill County: 381 
Hill, R. T . : 250 
histograms: 277 
Hockley County: 179, 181, 381 

dome: 207 
Gypsum Company : 207 
scarp: 207 

Hoertel, F. W.: 283 
hollandite: 254 
Honeycut formation: 146-147, 152-153, 158-159 
Hood County: 381 
Hopkins, O. B.: 19 
Hopkins celestite locality: 118 

County: 185, 187, 381 
hornblendite: 57-60 
Horse Mountain: 256 
Houston County: 187, 188, 204, 381 

faulting in : 19-27 
Houston salt dome region: 179, 187-188, 189 
Howard County : 179, 181, 381 

barite in: 109 
Draw: 110 

Howard-Glasscock field: 181 
H~~~Y~~n~o~o:y: 29, 199, 2s3, 231, ass, 381 

Hughes celestite localities: 126, 127, 128, 129 
Hunt County: 185, 381 
Hutchinson County: 182, 262, 381 
hydrogen sulfide gas: 212 

igneous rocks: 56-60, 93-104 
Imlay, R. W.: 186 
industrial minerals: 9-18 

sand : 283-300 
Ingram-Howe ranch: 249 
insoluble residues : 279 
Irion County: 381 
iron ores : 370 
ironstone pebbles : 376 
irrigation: 311 

Jack County: 184, 381 
Jackson County: 188, 381 

formation: 188, 189, 190 
Jasper County: 381 
Jeff Davis County: 249, 381 

barite in: 109 
manganese in: 254-266 

Jefferson County: 188, 381 
Jim Hogg County: 189, 190, 381 
Jim Wella County: 190, 381 
Joe's Lake field: 188 
John Ray Creek: 259 

dome: 182 
Johnson City area: 163-160 
Johnson County: 381 
Jones County: 185, 381 
Jordan celestite locality: 122 
Jurassic: 185, 186, 187, 188, 189 

Kansas: 179 
kaolin : 284, 298, 371 
Karnes County: 190, 381 
Katy field: 188 
Kaufman County: 381 
Kendall County: 381 
Kenedy County: 381 
Kent County: 381 
Kermit field: 181 
Kerr County: 381 
Keystone field : 181 
Kiam pegmatite: 95-97 

prospect : 369, 376 
Kimble County: 381 
King County: 381 
Kinney County: 185, 381 

barite in: 109 
Kirsch berg evaporite: 40-43 

387 
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Kleberg County: 190, 381 
K.M.A. field: 184, 191-195 
Knox County: 381 
Kothman tract : 256 

Lake Creek field: 188 
Lamar County: 381 
Lamb County: 242, 381 
Lampasas: 271 

County: 381 
spiculite in: 271-282 

Lane, Laura L.: 208 
Lange's Mill area: 148 
Langtry: 250 
La Salle County: 190, 381 
Lavaca County: 381 
lead : 371~72 

in Brewster County: 31-33 
Le Champ.D' Asile: 197 
Lee County: 284, 381 
Le Fors dome: 182 
Legion Creek area : 83-86 
Lela dome : 182 
Leon County: 186, 187. 204,1381 
L 'Heritier, L . F.: 197 
Liberty County : 188, 381 
Liddle, R. A.: 19 
lignite: 197, 372 
lime materials: 372 
limestone: 43-45, 265-269, 372 

pulverulent: 248 
Limestone County: 185, 186, 187, 284, 381 
Lion Mountain sandstone member: 37, 15'-165 
Lipscomb County: 381 
Lissie formation: 207 

water in : 307 
Live Oak County : 190, 381 

barite in: 109 
Llano: 255 

County : 29, 74-89, 93-102, 381 
barite in: 109 

uplift : 29, 183, 184, 249 
manganese in : 255-257 
See also Central Mineral region 

Lolita field: 188 
Lonsdale, John T. : 32 
Louise field: 188 
Louisiana : 186, 187, 190 
Lovelady: 204 
Lovell's Lake field: 188 
Loving County: 180, 381 
Lower Ordovician : 181, 183 

units : 191 
Lubbock County: 381 
Lubri-Gel Products: 130 
Luling field: 185, 186 
l1uling-Mexia-Talco fault system: 179, 185-186 
Lynn County: 381 

McCamey field: 181 
Mccarter, w. B. : 210 
McCulloch County: 184, 381 
McElroy Horse Branch: 20 
McFarlane celestite locality: 121 
McLennan County: 185, 381 
McMullen County: 190, 381 
McNett Creek : 271 , 272 
McQueen, H . S. : 191 
Madison County: 382 
magnesite: 372 
magnesium chloride: 372 

sulphate: 373 
Magnet-Withers field: 188 
magnetite: 76 
Maner celestite locality: 126, 127 
manganese: 32, 249-257. 368, 373 
marble: 373 
Marble Falls formation: 271, 279 
marble grinding sand : 298 
Marion County : 186, 187, 382 
Maripoea mine : 37 4 
Mariscal Mountain: 373 
Marshall : 206 
Martin celestite locality: 123 
Martin County: 382 
Mason: 255 

County: 29, 249, 255, 382 
Matagorda County : 188, 382 
Matthews Cemetery: 24. 

Spring Branch: 22 
Maurbro field : 188 

Maverick County: 188, 382 
Mayfield prospect: 249, 254 
Means field: 181 
Medina County: 185, 284, 882 
Menard County : 42-48, 882 
mercury: 373 
Mesozoic : 187 
metallurgical sands : 298-299 
Mexia fault system: 185-186 

field: 186, 186 
Mexico: 188 
mica: 29-30, 374 
Mica Mine locality: 29 
Middle Devonian: 182 
Middle Ordovician: 181 
Midland County: 882 
Milam County: 185, 284, 382 
Miller celestite locality: 126, 127 
Mills County: 382 

celestite in: 124, 130 
Mills ranch : 109, 252 
Milwhite Company. Inc., The: 180 

quarry: 273 
mineral water: 37.& 
Mineral Wells formation: 199 
mining methods, coal: 206 
Miocene: 188, 189, 190 
Mirando City field: 189 
miscellaneous stone: 374 
Mississippian: 180, 182, 183, 18' 
Mitchell County: 179, 181, 882 
molding sand: 374 

tests: 291 
molybdenum: 368, 369, 374 
Montague County: 183, 184, 382 
Montezuma mine: 371, 376 
Mont2'omery County: 188, 382 
Moore celestite locality: 121 

County : 182, 382 
dolomite in : 259-264 

Morgan Creek limestone member: 149. 165 
Morris County : 382 
Motley County : 382 
Mt. Bonnell : 113 
Mudrite Chemicals, Inc. : 130 
Muenster arch. : 179 
muscovite : 29, 30 

N acatoch sand : 187 
Nacogdoches County : 188, 882 
natural sands : 291 
Navarro County: 185, 186, 187. 382 

formation: 186, 187, 190, 199 
Needham, A. B.: 227, 283 
New Hope schoolhouse: 26 
New Mexico: 179, 182 
Newton County : 188, 382 
nickel: 76 
nitrates: 374 
nodular celestite deposits: 114 
Nolan County: 382 

celestite district: 116-124 
North Cowden field: 181 
North Ward field: 181 
novaculite: 248, 374 
Nueces County : 190, 882 

River reservoirs: 311 

Oakville formation: 188, 190 
Ochiltree County: 382 
Oden celestite locality: 122 
Ogallala formation, water in: 308 
oil: 179-190, 374 

analysis: 194 
oil field waters: 827~57 

analyses: 336-363 
lists of wells: 35~57 

oil shale : 374 
Oklahoma: 179, 182 
Oldham County: 182, 382 
Old Ocean field : 188 
Oligocene: 188, 189, 190 
O'Meara, R. G. : 288 
opal: 374 
optical fluorite: 229 
Orange County: 188, 382 
Ordovician : 180, 182, 183, 184 

See also Ellenburger group 
Ottawa sand: 289 
Oxford area: 81-83 
oyster ahella : 37 4 



Pahte, Sidney : 266 
Paleozoic: 179, 182, 189 
Palo Pinto County: 184, 199, 382 

formation : 199 
Paluxy formation: 186, 187 
Pandale: 250 
Panhandle: 182 

gas field : 182 
Panola County: 186, 187, 382 
Panther Creek bentonite: 292, 293 
Parker County: 199, 382 
Parmer County : 382 
Pavitte prospect: 372 
peat : 197, 374 
pebbles, ironstone : 376 
Pecos County: 179, 181, 382 

mine : 367 
prospect: 371 
River area: 249 

Pedernales dolomite member: 150-161, 155-156 
pegmatites : 29, 30, 93-10( 
Pennsylvanian time: 179, 180, 182, 183, 18( 

Cretaceous unconformity: 280 
Penwell field: 181 
percentage moisture test: 291, 293 
Permian basin: 179-182 

time : 179, 181, 182, 183 
permeability test : 291, 292, 293 
Perrin: 199 
phlogopite : 30 
phosphate rock: 374 
piedmontite: 257 
Pillar Bluff Creek: 272, 274 

limestone: 16&-169 
Plata Verde mine : 375, 376 
Pleistocene deposits , water in: 309 
Pliocene: 182, 188 
Point Peak shale member: 149-150, 155 
polishing materials : 245-248 
Polle County: 188, 382 
Portland cement: 284 
potaah: 375 
Potter County: 182, 382 

dolomite in: 259-264 
potter's sand: 299 
Powell field: 186 
pre-Cambrian rocks: 37, 55-104, 179, 182, 183 
pre-Chappel rocks of equivocal age: 17-i-178 
precious metals : 375-376 
Presidio County : 237, 382 

mine: 371, 375 
pre-Trinity beds : 186 
pulverized silica: 299 
pulverulent limestone: 248 
pyroluslte: 252, 258 

quartz: SO, 247 
Queen City formation: 19 

water in: 307 
Quitman Mountains : 237, 375 

Raccoon Bend field : 188 
Rainbow mine : 37( 
Rains County : 382 
Randall County: 382 
rare earth minerals : 376 
Reagan celestite locality: 126, 129 

County: 181, 382 
uplift: 179 

Real County : 382 
Reconstruction Finance Corporation: 
Red River County: 382 

uplift : 179, 182, 183-184 
valley reservoirs: 310 

Reeves County : 382 
Refugio County: 188, 190, 382 
Reichert, S. O. : 253 
replacement fluorspar deposits: 231-232 
reservoirs: 310 
r~idual ironstone pebbles: 376 
resilience test: 291 
rhyolite : 877 
rice sand : 377 
Riley formation : 37, 15-i-155 
Rio Grande: 250 

embayment : 179, 188-190 
reservoirs : 311 

road clay : 377 
Roberts County : 382 

ranch: 109 
Robertson County: 185, 186, 284, 382 

Index 

Roby celestite area: 123-124 

~~~td~~f~~~::ion, industrial sand in: 283-300 
Rockhill Church: 20 
Rock Hills: 19 
Rock Hollow: 207 
Rockwall County: 382 
Rodgers celestite locality: 126, 128 
roofing sand: 300 
Roundtree celestite locality : 127, 129 
R outh celestite localities : 126, 128 
Roy celestite locality: 118 
Runnels County: 184, 382 
Rusk County: 187, 382 
Rustler formation: 259 

Sabine County: 382 
uplift: 179, 18&-187 

salt: 377 
domes: 187, 188, 189 

San Antonio: 185, 188 
San Augustine County: 382 
San Carlos: 199 
Sancho Panza mine: 367 
sand: 247, 377 

industrial: 283-300 
sandblast sand: 283, 298 
Sand Branch : 20 
Sand Hills field : 181 
sand-lime brick: 299 
San Jacinto County: 382 

River : 294 
sandstone: 247. 377 
Sandy Mountain area: 93-95 
San Patricio County: 190, 382 
San Pedro coal seam: 203, 204 
San Saba County: 149-153, 382 

limestone member: 160, 155 
Santo Tomas coal seam: 203, 204 
Schleicher County: 382 
Schoolhouse Branch : 20 
Scott celestite locality: 118 
screen analyses, glass sands: 296 
Scurry County: 382 
Sellards, E. H . : 283 
Seminole field: 181 
serpentine: 377 

in central Texas : 55-91 
Seven Heart Gap: 107, 108 
Shackelford County: 184, 382 
Shafter district: 375 
shale: 366 
Shelby County: 186, 187, 882 
Shell Oil Company: 191 
Shepherd ranch : 274 
Sheridan field: 188 
Sherman County: 382 
Short Creek : 259 
Shumla nrea: 249 
silica: 377 

brick: 299 
siliceous residues: 191 
silicon carbide: 299 
Silurian: 180, 181 
silver: 375-376, 377 

in Brewster County: 31-33 
Silver Eagle prospect: 371 
Simpson: 181, 184 
Simsboro member, industrial sand in: 283-300 
sintering temperature test: 291 
Slaughter field: 181 
Smith County: 186, 187, 382 
soapstone: 377 

in central Texas: 55-91 
aodium silicate: 299 

sulphate: 377 
Solitario anticline: 373 

mine: 374 
Somervell County: 382 
Somnerville celestite locality: 118 
South Ward field: 181 
space-filling- fluorspar deposits : 230-231 
Sparta sand: 19 

water in: 307 
Spar Valley area: 232 
spessa.rtite: 256, 257 
spiculite : 247, 271-282, 377 
Spiller mine : 249, 255-256 
springs: 378 
Staendebach member: 143-144 
Starr County: 190, 382 

389 
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Stephens County: 184, 382 
Sterling County: 383 
Stewart celestite locality: 126, 128 
Stoecker, W. C. : 283 
stone-grinding sand: 298 

sawing sand : 298 
Stonewall County: 383 
stratigraphy, Cambrian, Upper: 37, 149-161, 164-156 

Cap Mountain limestone member: 37 164 
Devonian: 163-177 ' 
Ellenburger group: 133-161 
Gorman formation: 144-146, 161-162 167-158 
Hickory sandstone member: 37, 164 ' 
Honeycut formation: 146-147, 152-153, 158-159 
Lion Mountain sandstone member: 37, 154-155 
Morgan Creek limestone member: 37, 149, 155 
Ordovician, Lower: 133-161 
Pillar Bluff limestone: 166-169 
Point Peak shale member: 37, 14~150, 165 
pre.Cambrian: 37, 65-104 
nre-Chappel rocks of equivocal age: 174-176 
Riley formation: 154-165 
San Saba limestone member: 37, 150, 155 
Staendebach member: 143-144 151 156-157 
Stribling formation: 169-174 ' ' 

~~~!:J:nfo~~:!i~~~ ~ tt::itts. 1f:i. tti& 1ss-1s1 
Welge sandstone member: 37, 149, 155 
Wilberns formation: 37, 149-151, 155-156 

Strawn: 181, 199 
group: 184, 199 
mines: 199 

Stribling formation: 169-174 
strontianite: 208 
Study Butte mine: 374 
sulphur: !l78 
Sulphur Creek: 275 
surface water supplies: 310 
Sutton County: 383 
Sweetwater celestite area: 116-119 
Swisher County: 383 
syenite porphyry: 32 
synthetic sands: 291, 292 

talc. See soapstone 
Talco fault system: 185-186 

field: 185 
Tanyard formation; 142-144, 148, 151, 156-1517 

Tarrant County: 383 
Taylor County : 184, 383 

barite in: 109 
formation: 186, 187, 199 

Teague: 283, 285 
Teas, L. P .: 208 
Telegraph and Texas Register: 265 
temperatures, earth: 313-327 
tephroite: 256 
Terlingua mercury district: 373 
terminology, Ellenburger study: 134-137 
terrace gravel: 47-54 
Terrell County: 383 
Terry County: 179. 181, 383 
tests, foundry sand: 292 

moldimt sand: 291 
Texana fie1d : 188 
Texas Christian University: 191 
Texa:

14
Gypsum Mining and Construction Company: 

Thomas . celestite locality: 127. 129 

~~~f;t~g~~r::::ti~~~: 2~~3, 151, 156 
Throckmorton County: 184, 383 
Thurber coal mines: 199 
Tidew~ter Gypsum Company: 212, 214 
tin: 378 
titanium : 378 
Titus County: 183, 383 
Tomball field: 188 
Tom Green County: 383 
topaz: 378 
Trans.:'Pecos Texas: 227 

~~:;~: ~~~kt;~nJ~3i8~85, 383 
water in: 305 

tremolite: 60-74 
Triassic formations . 179, 182 

Trinity County: 383 
group: 124 
River reservoirs: 811 

tripoli: 247, 271-282, 378 
tufa: 378 
tuff: 378 
tungsten: 368, 369, 378 
turquoise: 378 
Tyler basin: 179, 186-187, 188 

County: 188, 383 

Udden, J. A.: 106, 271 
unif9rmity coefficient, filter sand: 293 
United Salt Corporation: 208 
Upper Cambrian rocks : 37, 149-151, 154-156, 183 

units: 191 
Upshur County: 187, 383 
Upton County: 179, 181, 383 
Uvalde County: 185, 284, 383 

Valley Spring gneiss: 266 
Val Verde County: 383 

barite in : 109-110 
manJOt"anese deposits: 249, 257 

Van Horn-Allamoore district: 366, 375 
Van Horn uplift: 29 
Van oil field : 19 
Van Zandt County: 187, 383 
Vaughan, T. W.: 250 
vermiculite: 72-73, 82, 378 
Vicksburg formation : 188, 190 
Victoria County : 188, 383 
volcanic ash: 246-247, 378 
Volclay bentonite: 292, 293 

wad : 252, 253 
Waldrip : 203 
Walker County: 383 
Waller County: 188, 383 
Walnut formation: 186 
Walter Mayfield prospect: 259, 264 
Ward Count.y: 179, 181, 383 
war minerals : 9-18 
War Production Board: 9 
Washington County: 188, 383 
Wasson field: 181 
water: 301-312, 379 

oil field: 327-357 
Webb County: 189, 190, 383 
Weches formation: 19 
Welge sandstone member: 149, 166 
Westbrook field: 181 
West Ranch field: 188 
west Texas bolson water areas: 309 
'Wharton County: 188, 383 
Wheeler County: 182, 383 
Whitesides celestite loca1ities: 121 
Wichita County: 183, 184, 191-195, 383 

Mountains : 182 
Wilbarger County: 183, 184, 191-195, 383 
Wilberns formation: 37, 149-161, 165-156 
Wilcox formation: 188, 190, 198, 284 

water in: 306 
Willacy County: 190, 383 
Williams graveyard: 21 

pegmatite: 100 
Williamson County: 105, 383 
Willis sand, water in: 307 
Wilson County: 190, 383 
wind~formed basin: 284, 285 
Winkler County: 179, 181, 383 
Wise County: 383 
Wolfe City sand: 187 
Wood County: 187, 383 
Woodbine formation: 186, 187 

water fo : 306 
Wortham field: 186 

Yates field: 181 
Yegua formation: 188, 198 
Yoakum County: 179, 181, 383 
Young County: 184. 383 
Zapata County: 189, 190, 383 
Zavala County: 383 
zinc: 32, 371-372, 379 
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