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Foreword 

The papers contained in this volume were presell t<.>d at The Universi ty of Texas Octo· 

ber 31, 1958 in a conference on "Aspects of the Geology oJ Texas." This conference was 

a part of the observance of the 75th Year of The University of Texas and was sponsored 

jointly by the Bureau of Economic Geology and the Department of Geology. One paper, 

"Deposition and Alteration of the Edwards Limestone, Central Texas," by Henry F. 

Nelson, is included in abstract form only, because it was published separately, as The 

University of Texas Puhlication No. 5905, to accommodate a field trip at the a nnual 

meeting of the American Association of Petroleum Geologists in Dallas in March 1959. 

For this symposium pllpers w(:'re. sought presenting new concepts or techniques in 

geology or new information on liltle known parts of Texas. It is hoped that these papers 

will stimulate advanced thinking on the geological problems of Texas which must be 

solved if the State is to retain its prominent position as a producer of petroleum; natural 

gas, and industrial rocks Illld minerals upon whkh its economy so largely depends. 

JOHN T. LONSDALE, Direclor 
Bureau of Economic Geology 

SAMUEL P. ELLISON, Chairman 
Department of Gt'ology 
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Pennsylvanian Reef Patterns 
West-Central Texas 

. 
m 

FRANK B. CONSELMANl 

ABSTHACT 

The recognition of reefs has 'been based 
on many different criteria, but the reef con­
cept is basically a very simple one. In ac­
tual practice, a reef is identified by its form 
and may be defined as a carbonate body 
whose upper surface is markedly convex, 
as a result of predominantly organic rna· 
rine sedimentary processes_ 

West-Central Texas Pennsylvanian reds 
may be classified into fi ve categories: ridge 
reefs, "hutton" or round reefs (bioherms), 
chain or cluster reefs, atolls, and irregular 
or composite reefs. Examples of these pat­
terns are the Jameson reef (ridge), Double 
Mountain reef (" button" or round) , the 
reef system south of Merkel, Taylor County 
(chain or cluster) , Horseshoe atoll (atoll J , 
Round Top Canyon }"{~ef (irregular or com· 
posite), and others. 

The physical parameters of r eefs are use· 

ful in the statistical approach to reef classi­
fication and recognition. By directly ob­
served quantitative criteria, stratigraphic 
carbonate anomalies of recfoid character 
are classified as follows: 

(I) If contour closurc equals or exceeds 
100 feet per mile of width, the deposit is a 
reef. 

(2) If contour closure is 50 to 100 feet 
per mile of width, the deposit is probably 
a reef. 

(3) If contour closure is less than SO feel 
per mile of width, the deposit is a bank or 
biostrome. 

The physical parameters may be pre· 
sented in a convenient shorthand tabula­
tion, for example, 6 X 2/8 @ 3, which de· 
scribes a reef 6 miles long and 2 miles wide 
with 800 feet of relief and a bearing of 30 
degrees. 

INTHODUCTION 

The shelf sea sediments of the Pennsyl­
vanian of West-Central Texas provide an 
excellent subsurface laboratory for the 
study of productive and non-productive 
reef deposits. These reefs are numerous, 
well preserved, and of ('conomi(; impor­
tall(;e as oil and gas reservoirs, in a region 
where development. has been sufficiently in­
tensjve over a period of years to afford a 
wide variety of patterns and case histories. 
They are of -further professional impor­
tance in that a large number of petroleum 
geologist.s have studied West-Central Texas 

reefs and have thus obtained useful stand­
ards of reference and experience for ex­
ploration in similar environments. 

A sufficient amount of practical sub­
surface informat.ion is now at hand to make 
it possible to consider suhsurface reefs 
statistically and empirically and to attempt 
to derive valid generalizations based on ac­
tual occurrenc('..$. Analysis of these ancient 
reefs provides a stimulating basis for com­
parison with the modern examples on 
which our theoretical considerations have 
been based. 

ENVIRONMENT OF DEPOSITION 

The stratigraphy of the Pennsylvanian 
deposits of West-Central Texas is an in· 
tricately detailed and complex subject, 

which has been extensively treated in the 
literalure and which will undoubtedly re­
ceive additional attention in future years. 
Only a generalized summary of the environ-



2 l3Hr"(lli 0/ fconomic Geology. the l-niL'er.5ily of Te.y;a.< 

ments of rcpflllg falls within Llll' ~(;()pr of 

this paper. 
The area herein disc\lsR~:d ha5 been arhi· 

trarily boullded to the wC!i1 hy the 1·lo1'"e· 
!;hoe atolL de~{"ribed ill detail by :Myers: 
Stafford, 2.lld Burnsine (1956) (fig. 1) . IL 
extends eastward to Ihe longitude of an l1xj~ 

dnJwll from Baylor to Menarcl coun.-ie". 
beyond which the greal('r part of tile PenH. 
syhaniull s(>ctiOI1 i~ predominunlly c1l1~li c: 
with reef ing restricted to lor:al f.wi[', of Iht' 

CallY 011, "Caddo;' and ;\'larl110 Falls linJr.'. 
~I()ne~. To Ib e east, truncal ion i~ a regiollal 
factor aeros..~ the Bend (liTh. 

Pennsylvanian ~ediments hay(' the gen· 
cral character of a wedg.' . thillning; II'c~l· 

ward aile! thickening: rap;dlv eil,;IIHlrd illln 

Ihe Forl \'/orlh hasin . OilIer heck of Bend· 
Atoka-L!lmJ>(lS'l~ pqui \ 'alenee, apP('ar to 
hav<: been influC"nced bl' lo( ~ al structural 
fador,; , both prc·existent and ('()nlc>mpo' 

raneou", hut tilt: remainder of tIle P"'nJl~y l. 
vallian. from Strawli upward lhrough 
Callyon and Cisco lime. Sl'(>Ills-to han' IW(,11 

fret: from major diastrophic c,ffc<:ls, al· 
though HIl(:tualiolls in sea ll~vd and sedi· 
mentary jl1ternlplion~ were numerous. 

The combination of ecologic factors duro 
ing mo,;t of the PenJlsy\vaniali appl~ars Lo 

have bet')] flWOl'ahle for reef development 
ill a hro~rl shelf arca of \Vesl,Cclllral 

T(·xa~. Apparentl~ .. reef growth tolild and 
did t.<lke p\a{'e Hnywhere within a region 
o( morc \11al1 25,000 square mile,;. in one 
part \)f the Pelllls\'lvanifln section or 311-

other. In ."orne plac('s reefing bl>ga n earlv 
inllw Stralnl alld progre~seclll'il.h apparent 

('Olllilluity upward through the Canyon 
inlo th(' Ci:!;co, wilhout paying noticeaJ)l{ ~ 

attention lo time Iine5 . 1 n other an,as, re~~f. 
i ng \\"a, ("011 lined to a ~mal1 area and a 
r(-'strickd porlion of lhe »('(;Iion, the call"al 
fud()r~ hcing intangihle as far as presr~nt 
abil ity to del ermillle Ihem is <:Ollcemed. 
Trnditiollfll concepts ~uch as ~hore·lill(,s , 

lagoolls, :,eaward faces. basenwnt strl.1c, 
t\lre~. ~('cm to llilvc liltle or 110 practical 
!I[lpli(:atiol1 ill most ('ase~. 

TERMI\OLOGY 

Three ccnturi e" ago lh!' El\gli~h natural. 
ist John Ray \1'1"01('. "J-k that u~eth mallY 

words for Ihe e'.:plaining any subject. dOlh 
like the cuule fi~h , hide himself for til(> 
1l10~t part in bi5 OWIl ink." The lerm "red" 
is fl.1ndulllclltall)' a \'cry simple une and 

should he readil y understood. The '''riter 
does 1\01 doubt Ilwl Ihe lhom:.ands of pctro· 
Ir.Ulll geologists who use i I as a ma iter of 
rOtltilll' have a perfectly clear and sali~· 

fador), menial picture of what a reef aelu· 
ally is, and wilh the c:-;.ceplioll of bordel"­
Ii n(' instance.;;. or of people who "ou ld 
prohably be mixed lip anyhow. tile wor(l 
rurries no confusion ill normal u~e. Thi:, 
u lldn~tandi ng- i~ abo largely sha red ],\ 

management and by the operating ~('gmenl 
of the indUSlrv- .. in facl. Ihe word "reef' 
could not be repbeed withoul c<lll:,ing more 
trouble than it would cure. 

!\('''t'rLheks~, \"arious qualifications. 
modification:;, lind amenomellb to the 

term have berll offered from Lillle 10 tim e, 

primarily iw \\iorkcr~ fresh from the labo­
ralory. or from Ill(" library, and many 

theon'licn l pre·eolleepliol\~ have beeJ1 
carried into lhe fi('ld. Criteria for recognj· 
t iOll have bc('n proposed Oll petrographic, 
paleonl.ologic, and ('mlogie grounds. All 
c~~en tial condition imposed by Lowcn~tall1 
( ) 9.50): Clouel (1952), and Olhers is the 
exi"lence of a Wfll'e·resi"tant ~trtlclure. 

However. (1 very broad implicalion of 
po~!;ibk dil1nellce belween !llod(~rn repf 

ecology ot the Pacific type. and Ihat of 
ancienl reef!;. i~ contained in un important 
contribution by Teichert (19.51::). This 
]l<ljl(T dc;;cribes in ' ~on villCillf' dda-il the 

occurrence at dt'pths well below wa\ie base, 

of organic formations domi !laled hy the 
coral I,ophelia. whi ch would otherwise be 
cla~~ed u,; I·Cef". Preferred deplh~ are 600 
to 900 feet, 0/1 the coast of Norway, wilh 
reporLs of Lophelia occurring as deep as 

3 ,O()() feel. U~llal wain lelllperatures range 
rrom ()G 106 .. ')" c., or aboul1.3 ° F . Ac(:01'<1. 
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ing to Teichert. the fauna illrlLl(k~ at Icas t 
120 ~I)('cics c<1pable of contributing to the 

bulk <lnd growth of thcse d0Cp and cold 
orgilllic Jl1H~~es. Their relative proportioll~ 
\\'01l1cl certainly class them as n'1"f5 ullder 

other tOlldilio115. In thi~ case the waters 
are far dt'cper und coldel' thanprc"iotlsly 
con~ioeree! admi~sjbl e in a modern H·rf 
CJ1\' irOlllllent aud well hclow (he depth at 
II'hi e-h resistance to W"\'tO actioJl lI' ou ld he 
l1e<:('~9r\', J 11 (,oJl~irl('ring applicalions of 
the~e 1T'I'i:cd concepts to <In('ip.nt cleposits, 
TeiclH'rt ~uggests that the bioherm ill the 
\\/i nchell formation oJ llIiddle Canyoll a~t' 
in ;\lcCul1o\:l1 Countl', Texas. oescribcd Ly 
Y (lung and Rush 1]'956), n;uI' havc bee;l 
formed in " deep and cool waters dose 10 

or al a moderat~ cli slUl1('l' hom 8 ~hore." 

This possibility wOllld presumahly Also 
app! y to other Canyoll hiohenlla I deposits 
dS<:ll'here ill West-Central Tcxa~, 

For practical p\lrpost~.~ : a reef llJay be 
defined a~ a carbonate body II'h 05C upper 
~urfal:l' i:; n1urkec1ly convex topographi ­
cally. HS il r<'sull of predomil1antly organic 
marine sedinwlltary Jlrocc5;;e~ (Cons(·1-
man, 19S4.l. This agrees generally with a 
condensed ver5iol\ of the red dcfini tion (,f 
Wilsol1 (1950), lIo\\"en~r, it i~ ~11!!.'!es!ed 
herein thaI in aUlIal practice a 'r~ef is 
iden\i lied as such, not because of the pre~­
enee of characteristic faunal or floral 
assemblage!" nor of specific lithologic 
faci('~. but bcca\l:-)e of its form, Criteria for 
recognjtion are not paleonlolog-ic nor 
petrographic, i1 ,~ the,r are frequently dupli. 
('ated ill !loll·red uepo~it~. Reefs e~sentialJv 
are ('haracleri7.(~ d hy relative topographic 
relief, and the Sll)'(, .. ,t criterion is nOIl­

strllclllrnI contour configurat io ll of a car­
hona te mass: in any of num erOllS ('ontOll)' 
patte1'1l~, 

As a maller of practical ohservation, 
W<:= t-CelllraI TC_'lls reef pattr 'rlls appr:ar (0 

Iall rendily into the following live general 
categories: Tiog-e reefs, "button" or round 
re-cfs (biohcrms). chain or c1llstpf red,,: . 
3lolk and irregular or co mposit« reek 
This classi !icalio)) is rather ,;impk and UIl­

impressive and IIses no long or forei~ll 

words, but it seems to include almost 
ever)- g-ciH'rally recognizt~d red lype in the 
area, 

The prc~enL r('f'f vo~ahulal'Y {caLun:s 
sllch t('rm!3 as "bioherm~" and "bio· 
stl'tlllH'!'o," hUl thc~c appcar 10 b(' more 
euphonious Ih1l1l \l~dlll, as many reefs arc 
ncitlwr biolu':l'ms nOl' bioslromc,;. A bio· 
herm . as origitlCllly d('fln(~d (Cumings, 
EJ:30, 19.32, illld in Cumings ane! Shrock, 
1923). is a dome·like or mound·like ma!5~. 
and \~'hile the t("rm "mound" is Ilot preci»c:; 
and "dome" implie;; ht'misphericily, bio· 
herms are now usually r;ousidered as have 
ing a morr: or less round plan or pallem 
alld \\'ould fit in the " round red" calp-gory. 
Toe tam biostrome has heen applied to 
tahular deposits or lenses (hilt are flatler or 
I('ss conl'c'x than a mound 01' dome, and 
thu;; a bio1'trome is ( ' \l~lomarily considered 
('qllivalcllt to a bank. rather than (t rr~d, 

in ordinll ry lIsage. The prefix "bio" n()W 
appears to be ~Url'T!ltlOUS, as limestone 
red~ and banks are il\rno;;t invariably 
thought of as havi ng an organic origin, and 
no contrasting terms an~ in curn~(lt usc, III 
any case, "bioherm" and "biostrome" fall 
far short of provi ding an adequate vocahu-
1<\1')' fur n:<>f patl('rn classification, although 
thry admittedly havr a rather convincing 
tccllllic:al sQund. which is quiLe impn~s;; iv e 

10 non.proff~sioJlal audiellc~5. The write r 
slll!l!:es ts t1wy be ll ~<~d :;;paring:1 y, for maxi· 

mum dfed. 
" Hidge reds," as lwre used, wOllld in· 

cluck allY lim'a\, or elongated reef, slIch as 
harriers ilfl!l fringing reefs, The Lerm has 
Ih~' advantage. of avoiding the Ilece~sjty of 
establi~hing tha t anything is heing barred 
or fringed, I\,hich would normally be an im· 
po~siblc burrir'n of proof ulldu subsurface 
condition!=;. "Table red,:;" !illd "patel! reds" 

are not without th(,'il" appeal a~ dr:seriptivc 
terms, although " tahle" s\lgg(~sls thc adjec· 

liVe "tahular," whid1 in Lurn implies a dif­
f(~rc:\ll sbape: th.:lJJ intended. Subsurfacc· 
wise, the recognilion of labl(, red!' and 

patch reds would be doubthll , since table~ 
and patclws Clre nol conventional conlour 
patt('rns. 



EXAMPLES Of REEf PATTERl\S 

In approaching the matter of identifying 
r eefs as such, it is desirable to start with an 
example that will fil any definition of reef, 
as foolproof as can be had . For Ihis purpose 
t.he Jameson reef in northwestern Coke 
County is nominaled (fig. 2) . This is a 

Top 0' reet limeslone 

Parameters {s~e texl) 

6 '2/6cil3 

SCALE 

N 

o 3 MIL(S L! ________ ~ ______ ~ ________ ~! 

Contour in fervot ; JOO feel 

FIG. 2 . .r nlllc.';on red , Coke COlln'y, Texa,. 

reeL and it looks like a reef, and while 
its time equivalence is subjecLLo minor dis­
pul'c, lhe re is no re<.:or(leci inslan<.:e of <lllY 

competent aUlhority queslioning lhal it is 
a reef. It is elongated ill a norlheast·south­
wesL direction, as arc the majorilY of P enn­
sylvani an r idge reefs in West-Central 
Texas. This elongation disqualifies iL as a 
"bioherm." It is approximately 6 miles 
long and 2 miles wide and has aboul 800 
feet of relief. III delail , <l numher of fea · 
tures would be observable, including te l" 
racing, cla~tic aprons, and probably pin" 
nacles, which are commonly nOled in olher 
examples. 

The Jameson reef figure includes the no· 
tation "6 x 2 / 8 @ 3," which is a short­
hand tabulation of the important physical 
parameters of this reef body. These paramo 
eters represent one means of approach. 
ing reef classification from the statistical 
standpoint. The firsl two are lenglh and 
width, to the nearest mile ; the third is the 
relief in hundreds of feet (number of 100· 
foot contours); the last is the heading or 
direction of the long axis, in tens of cl '. 
grees, true. These parameters are quite 
simple and easily derived; they can read· 
ily be refilled to more precise measure" 
menls j ( the coa rse figures do not provide 
sufficient detail. They are e..xlremely useful 
in reef classification and recognition. 

A ridge ree f quill' similar to Jameson in 
many ft'spects is Claytonville, in Fisher 
Counly (fig. 3). It will be noted that the 
paramete rs reflect this similarity nicely. 

Top of reef limestone 

N 

I 
SCALE 

o 3 MILE S !L-_______ ~ ________ ~ ______ ~I 

Cot'llour inler\'cl : 100 feet 

FIG. :~. Clu)"lom·ille Canyon reef , Fisher County, 
r exa,. 



6 Bureau. oj Economic Geology, The Universil,)' oj T e:ws 

An inte'resting recen t discoyerr is the 
I.A.B. reef (fig. 4) : not yet fully developed. 
Even on the basis of incomplete control, it 
shapes up into a pallern quite similar to 
Jameson , 8 miles northwest. lL took eleven 
years from the time of the discovery of 
Jameson to find this vcry promising red 
r eservoir, lurking only 8 miles away. This 
raises all interesting question as to holl' 
many more Jame. OilS, Claytonvilles, and 
I.A.B.'s are still hiding out within easy 
reach, not only in W est·Central Texas but 
in similar sedimentary environnwnts e l~e­
where. 

The Millican reef (fig . 5 L 3. sholl'll in 
figure l, is quite close geographically to 
hoth Jameson and l.A.B. but is al1omalou~ 
to them in size and heading. 

It will be noted that no attempt is mad!' 
to cslabli!;h an exact time equivalence for 
any of these reservoirs for tlw purpose of 
pattern comparil;'on. The age of a reef may 
have economic as well as stratigraphic sig­
nificance. as wi ll he discussed later, but 
of len millions of barrels of oil have heen 
produced before a firm correlation l:all he 

SCALE 

established, if then. Usually ve ry few em­
barrassing questions are asked about aae 
if the reetis productive. ~ 

NortJl Knox City (fig. 6) in Knox County 
is another type of ridge reef. It is JlOl'ed for 
the fad that the discovery well wa.:: offset in 
opposite directions by dry holes, which 
seems to be carrying the ridge idea to ex­
tremes. 

The Page Strawn reef ill Sthleicher 
Counly (fig. 7) has recen tly heen described 
by Ellison (1957). 

Round reefs, or button reefs, are ( ~x · 

ll'emely numerolls in the area, and 0[1('11 

til!:')' seem to spring up like mushrooms, al· 
though not nearly often e)lough. These un­
doubtedly would be classed as bioherms in 
the slriel original sense. They are also 
known as " hickeys," " knobs," "pimples," 
and by other terms no! nearly as classical. 
Examples in the literature indud e the 
Doubll" MOllntain (Conley, ] 952) and 
Stamford (Van Siden, 1957) reefs. All de­
grees of roundm'ss arc observed in the out· 
lines of these small fe(ltures. Man y \In-

o 2 MILes 

I~----------------~' 
Con10tJf j('\HH VO I. 100 feet 

Ta p of reeJ limes!one 

Porornelers (see lext ) 
6.2 / 7ci)4 

N 

FIC. 4. l.A.B. reef, Coke County, Texas, 



Aspects oj the Geulogy oj Texas: A S ymposium 7 

N 

\ 
\ ..." 

\ ...... ct> 
~ ~ 0 

\ 0 0 0 
:1;>00 
0 0 

o 
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Contour interval: 100 Jeet 

FTl:, 5. :'IUIlic:all Sh'u\\"n IWi". Coke COIIIIT\". 
Te.~r". 

doubt<>clly remain Lo be discoveretl, eVCll in 
c losci y d ri lied areas. 

Cha i 11 or cluster reefs ("olTSi ~t of grOtlps 
of ,;mall red nH\~::'('5 in rl'lativc-Jy close prox· 
imity, ill I'ither linear or compad arrange· 
llwnls. Th('ir OCC\llTt'Il(',{' is ofkn inlrig-uing 
awl /'ven lanl'alizing. b('causl' they ine\·j· 
tallly .~uggest Ihe existence of other lllldi~· 

em'lTed related reef t' lemenis nearby. 
Figure 8 SllOWS l\\"o types of duskr red s of 
Cisco age. The left-hand panel includes a 

scpnenl of a chain reef system soulh of 
Merkd. ill Taylor County. the chain being 
tra<:(~(1ble for many miles a~ a d ouble string 
of small producing pook This chain may 
eventually lie in 50u\lm'aHI to liw Vl:I'\" 

5imilar 'features in northern RUllnei~ 
Coun ty. TIll' right.hand pH nel ~ho\\'s the 
cluster of small r~ef~ in the Fennell an'a of 
RUllnels County, A major chain in SultoT\ 
and S~hlddwl: counli('~ has component;; 
varying in pattern from ridg-es to knoll.~; 
this chain has bt~en descriiled hy Uall and 
Rail (1958). Thl' Griffin.Avoca-II'Y chain 
in northeastern Jones and l1orlh"('sll'l'll 
Shackelford counties is \\'(·,n and favorably 
kno\\,11 [J'Om the commerc ial !'landpoint. 
and nlTTl1 c'rous OtlWf bdts 'llld clu,ters have 

been drilled. 
Fi Nure 9 show~ \WO closely n~lattd re[·f:i' 

in n"'orlhw('stern :'\olan C~unty-HO\\'an 
&: Hop!' J.nd Rowan &: I-lope NortilWest. Tht' 
Tt'd to the righl is under thc airport we~t 
of Sweetwater; the onr to tho: left is a short 
dis lal1('C nonheast of Hosco(' , The~e red~ 
"'cn' undoubtedly cont~'mpora!leous an(\ 
have almost identical summit uccordaneel.' . 
They would appear to be part of a la rg-er 
~\'Sl:' J\L b lit as po i TllE'l'~ the i r message 1'(' . 

J;Hlins a bit ambiguous, 
Atolls an' a vcry picturesque Iype of rCt,f 

and probably figure vividly ill e\'('ry(l11e'~ 
batkg-TOlITld conception of reef develop· 
ment. UnfortunatelY. l'e1ativd" few hona 
fide nlolb huve be,:,; ioelltificd, the ('[1 or· 
mOlls HOJ'!'eshoe atol\ apparently hilVing 
conSlI m(':n almost the ('lltire Pennsylvanian 
allo!nll'llt lor the ar(,<1. How<' \'e r. tl1(' IvIier~ 
Strawll red in southeastern Sullon County 
appear~ to be part of an atoll system ap· 
proximately 6 miles in diameter. as ['.011' 

tOtI rt~d bv Nichols (1957), al.(l the M ieTs 
!l'as field' ha~ Ill(' additional distinl'l ion of 
being ]wrc:ht'd direetly on lop of a ]11'r· 
Paleozoic ~('a-mount, Po!"sibly a 11lHnl)('J' of 
ollr c\ust(T H't'fs will pro\'(' 10 be parl~ of 
atolls whenlhr mis.~illg: )l('l'imcier "E-'gm(,lTt>' 
are discovered, 

Several .reef ('o1llpll'xe~ flo 1I0t 11'11(1 
lhems",lv(o's readily to da~s ificati())] in the 
for("going patlern~, and for them Cal!'gOl')' 
5, for irregulur. composite, and misn:\· 

:,,~ 
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ftc. 6. North Knox City Canyon reef, Knox County. Te)(a~. 
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Top of reef limestone 

Poromete,"s f~ee lexl) 
4x3 / 4 oJ 35 

SCALE 
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Con io ur interval · 100 fHt 

Aller 5 P EII ; .o~,Jr. 

FIG. 7. Page Strawn reef, Schleicher Count)', 
Te~ng_ 

laneous types, is highly recommended, even 
though it suggests a sort of stratigraphic 
sweeping under the rug. An example is the 
Round Top Canyon reef (fig. 10) in Fisher 
County, whose contour shape is best de· 
scribed as irregular. TIle westward exten· 
sion may be an accumulation of reef debris. 
as a clastic apron, or it may he responsive 
to other contemporaneous reefing in that 
direction. Round Top would otherwise 
qualify as a round reef; it may eventually 
prove to be part of a cluster, It could per· 
haps qualify as a "patch reef" as described 
in modern examples. 

So far we have been dealing almost en­
tirely with oil· and gas-productive reefs. 
Attention is now invited to a really impres­
sive red mass lying east of Anson, in Jones 
County (fig. 11) . This reef is 16 miles long 
and 7 miles wide and has over 800 feet of 
known relief. It lies in the heart of the 
producing reef area and has been pene­
trated by almost a hundred rotary and 
cable tool tests, yet not a single commercial 
"reef" well has been completed in it. There 
is no question of permeability-in fact, it 
appears to be water-logged throughout, 
and cable tool holes have reported one hole 
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Top of '~E:f Ilmesto.'H!' 

?Ofo~elers (see tex1) 
?, 2 / 6ciJ7 

SCALE t 
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COllllly . Tex"", 

full of \\'ater belo\\" ~no!hn , TIll' Iwrmc, 
abil ity of this Eil~t }\llWll red' is in fact 
~u gg("~l i"i; of lhl' rr'stIlt~ n>[Tlitly ohtaillcd 
ill nrouncl-water ob:;ervaliOll~ in tlw Curo­
lill~ {McKce. 19Se I and Ma r.~hilll (S\I-artz. 

195H) Islands. where tidal and thermal 
r('spOIl~(:", to oceani<,' f:ondi!jOI1~ hal-(' lw('n 

d('s(:rib(~d and atlribul(; (l to h i gh J1~nne, 

Hbility. 

The question naturally llri~e~ a" to why 
this n:"l'l'\'oir app;Jr(,lltly carries 110 oil. 
1'1l('re are sc'-('rai po&sible explanation~: 

(l) Thl~ oil is there. but the reef has nol 
bt'en drilled il l the right spot. Ac­
tually. d07.<.'IlS of w('l1& have been 
drill~d in the terrace arfa. 

(2) TIle ag<.: of ll1t' 1'l"'d-chipf-Iy i'I'I iddlc 
Canyon-is u\\f~vorabl('. LOll' PI' 

Canyoll (Palo Pinto 'I n'(>f~ prodUCE 
imllwcliall·ly to Ih0. 11orth. and oil ill 
found ill UpjllT Ctll~'()11 n'('J~ ilnd 
l'l'liddle Canycl!\ sands in lH~arby 

areas. Tht')'l' is 110 apparent r"a~()l1 
why Middle Callyon ('colog~' "h()uld 
hav(· hl'en ullfavorable: !Jerr. 

1.3 .1 TIll' n',ei'voir ha" he!'11 flll~h l' d, and 
Ilw oil and ga!' lls\'!, e:';('ap!'d: to a 
d[! ~tiJJiltjon Jln'~l·'lltly ullkllO\\,Il. 

Hrgardlcs:; of the reaso n, til is reef cer' 
tainly heli~s the idea that all rel'[S eany 
oil. Other lar!!!" \\'at<'r- )oggcd Illa~~('s of sim· 
ilar charal'teris(i('s have hl'en kno\l-l1 for 
years, including one suh1l1('rg-l'd in CCl)tnt! 
and weslern Taylor Co Illl I)" lhi.lt may he 
the eOl1tl"mporilry of lhi~ Ea~t AllSQIl reef. 
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QUAl\TITATIV£ CRITERIA FOR REEF RECOGNITION 

I n rev ie\ring stat i sli ea lly the man y su b­
mtface reds and reef-like maS5('5 in West­
Ct"ntrai Te~a5. then- appf'ar to be suffi,ienl 
data to j llstify an atl':mpl to ddi nc a reef 
in terms of sp~'Ci fie quantitative criterja or 
pararnr-ter>', as a matter of eli fl"et obst:'r\'a­
tion, rather than on purely quulitativ(, or 
th<;>or('(ical grouJl(k This type of empirical 
defini lion would conform to the ('~tah1ishcd 
u,;agc unci understanding of the many ge­
~logists famillar with the r('ef~ of tlw area 
on an intimate professiollal basis_ 

Assuming that we have under consider­
ation a 5c(\inwntan-, carbollat(' anomaly of 
rcefoid character. and assuming further 
that 11'[' have satisfied ourselH~s that strati­
graphic and )lot structural factors are re­
spomibk and assuming still furthtr that 
we have not fallen into the elementary errOl" 

of mistaking normal marine gradation for 
reefing-in other words, if qualilaliv(' fac­
tors are llOl ad\'(>rsc-the)} qllnn/l:Wtiul' ex­

rY<:'5~ioIJ5 for reefoid bodies III 8 y bl' deri I'('d 
as follows: 

I J) If contour (:Iosure eql1al~ or exceeos 
100 red per mil(, 0 f widtll, the de­
posit is a r('('f. This correspond., to 
a graoiclll of approximatdy O)1C ill 
fifty. 

(2 J If coutonr c1o~u rc is betw("C'n SO and 
100 ffE"t pC'\" mil!' of width, the de· 
posit is probably ,\ reef, usagr heillg 
less t1llani1l10U~ in this transitional 
category. Considering th!:' post-dep· 
o,;:itionai history of reds, which 
may include such disruptive or di5· 
torting i nn u~>tlces as n1<\ril1(, rro­
~ion, solution. compuetion, rE'·crvs· 
lallization. an(1 doiomit ization. the 
bmeiit of the doubt should prob· 
ably lw given 10 the n'ef. 

(3) If contour dOSUfl' is less than 50 
fret per mil!, of width, tlw dt'posit 
is more properly tPrm(:d 11 btHlk, or 
biostrome if prcierred. and should 
be further dlt'cked to make sure 
;;truc\u ral influcnces 8 n: llot pri. 
marily n'~p()nsible. 

It may seem somewhat unorthodox to 
ern phasi ze qll an ti ta t i \"(' Tnt her t hall quali­
talive criteria in rC'ef c1assi fication and to 
call a limestone a reel without fast making 
absolutely sure by mC'ans of thin scelion~ 
that it is made of calcilutite, or calcarenite, 
in5tead of calsomine or chalcopyrite, or 
wi thout first ascertaining that it is a 5{'f"lh· 
int! mass of coralline or algal material rath­
er than calcificd dinosaur bon('s, animal 
crackers. or broken crockerv. The fact n:­
main~, and 5hould be facNt' that I"(·['fs an' 
and alway~ have he{"l1 characterized b)' 
their form, and that they are a specific lype 
of marine topographic form. Given that 
external form under Pennsyh·unian sub· 
5\1 rface condi lions. tile internal fatinal aJlcl 

lit hologic ("on tent lllay safely be assumed 
to be sat isfactory. EVf'11 the "wave-resistant 
framework" mu"t ncct'ssarily have been 
]>1"('5('11[' if its presence is requi red. since 
th(, exist illg reEd of till' ma~!:' proves that 
thr waves. if an \'. lllust have bepn ~u("{~<:,ss· 

f ulJy resisted. 'rhe Jowly Lophelill. whose 
fri!lid. if ri!!id. Iinir framework lies 800 
feet below thc-' surface of the cold Nor· 
wegian seas. should not be forgotl(·n. In 
aClual practice. almost all of our r('d~ are 
first identifipd by the effect of reef· top 
markers on subsurface contour maps. Thi~ 
may be deplored. hut it ,,"orks, and it does 
so in time \0 be useful. There arE' always 
limitalions, of course. as 10 how much cle­
tail ("an be expt'cted under 40·acre and 80-
acre spacing, whether one uses electric log." 
or a petrographic microscope. 

The statistical approach to red classiJi· 
caLion may he l'C'filll'd to offer many pos· 
sibilities for drtailcd anal\'sis of these res· 
ervoirs. with interesting i~pl icati()ns as n,· 
gard~ their local and regional environ· 
n1(>l11. Pattl"rn parameters are particularly 
significant i!l exploration for similar reefs 
and may offer corollary advantages in 
studying a~socialed nank sediments, fluid 
migration. and post-drpositional history. 
It also offers an imporlant opportunity for 
improved l(:nllinology having quantitative 
de fllli lion. 
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Wesl'-Cclltral Texas is certain ly not 
unique as regards its Pennsylvanian shelf 
deposits, and data derived in Ihis area 
should be useful elsewhere, and possibly 
also in other parts of the subsurface section 

in which reefing OCellI'S. In the meant.ime, 
we have much still to learn and many un­
discovered reefs still to find close at home, 
when market demand once more makes oil 
11 valuable commodity. 
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A Review of Paleomagnetic Studies of Some 
Texas Rocks 

JOSEPH D. MARTINEZ,~ EDWIN H. STATHAM,'l 
aud LYNN G. HOWELV 

ABSTRACT 

The various mechanisms h~' which roch 
acquire a permanent or remanent magnet­
ization are brielly reviewed . The po:;ition", 
of MesQ:I:oic, Paleozoic, and Precambr ian 
poles deduced from measurements of 
remanent magnetism on u world-wide 
hasis by various workers is summarized. 
A short diseussiotl covers the lines of 
reasoning which suggest that the ancienl 
magnetic pole locations are generally co· 
incident with the time eq ui valent geo· 
graphic poles if 1\ sufficiently long time 
interval has been induded in the sampling. 

The results of paleomagneLic studies at 
the Humble Research Cenler of a large 
number of varied rock types occurring in 
Texas an: ~ummarized and ill certain in· 
stances discussed in some detail. The bulk 
of these measurements involve sedimen· 
tary rocks, but many igneous rocks and 
some metamorphics have also been in· 

vesLigaled. While SOllle data previously 
published are reviewed, this paper includes 
milch material not yet published. 

The new work reportf'd on here includes 
paleomagnetic studies made of Ter tiary 
volcanics ill Ihe Big Bend -National Park 
The purpose of this work was to test (and 
lise where possible) paleomagnetic data 
for correlation purpos~s. Drs. 10hn T. 
Lon ~c1ale and Ro~s A. Maxwell of the 
Bureau of Economic Geology' of The Uni· 
ver~ity of Texas were responsible for re­
lating the sampling to the geology of the 
nreu. Most of the fidd work was conducted 
jointly with Dr. Maxwell and to some ex­
tent with Dr. Lonsdale. They have been 
engaged for SOllle lime in mapping thi s 
area, but their work is as yet largely un­
publi shed. Without t)wir guidance, this 
kind of study would not have been signifi­
cant. 

lNTRODUCTTON 

Palcomagnelie studies have been con­
dueled for a number of years in the re­
search laboratory of the Humble Oil & 
Relining Company. In the course of this 
work, a wide ,'ariet)' of Texas rocks have 
been examined. The lithologic types 
sludied have included the three broad 
categories: sedimentary rocks, igneous 
rocks, and metamorphic rocks. A fair, al­
though incomplete, sampling has been 
made of Tocks ranging in age Irom Pre­
cambrian to Recent. 

Some of the results obtained from the~e 
studies, which seemed Lo have particular 

~ Gtologisl . Humhle Oil &" Relining COtl).'tlll~' . HI)II~tot1. 
3 GCIJ(l hy .. i<":i!l, UumLJ<: Oil &: Rd,tl in ~ Ct,IJI\J\:\hY. Homt an. 

tOignificanec, have already been published., 
However, most of the data have not been 
published prior to this time. This paper 
attempts to summarize selected ly'pical data 
obtaincd from our studies of Texas rock;. 
The cove-rage is hy no means encyclopedic, 
since mallY of the resu Its arc quite similar 
and to jndude everything would result ill 
a very long and monotonous review. 

First of all , the mechanisms by which' 
rocks hecome IllHgnetized are bricAy re·, 
viewed. Most rocks, either igneous, meta ­
morphic, or sedimentary, are at least 
weakly magnetic. This magnetism that is 
retained after removal of a magnetizing 
field is termed remanent magnetism. In 
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theory, igneous rocks, both cxtrusive and 
intrusive, should acquire a remal)ent 
magnetism in the dir~cliOJ1 of the magnetic 
field in which thc)' are cooled from a 
molten condition, or in some illstan~es ;11 
a reverse direction to that field . The tem­
perature at whic h this remanence is ac­
quired is calkd the Curie point. Tt has 
been founel by various workers ill the 
laboratory that igneous rocks, aftcr being 
heated, arc magnet.ized in the di redion of 
the applied lllagnetic field upon being 
cooled through the Curic point. M('asul'i.'­
ments 011 lava flows of recellt years have 
also revealed magnetizations in the direl'­
lion of the t'arlh';:; field as know)) at the 
time of the /low_ It ~hould be mentioned 

that mallY igneous f(lcks IUI\'e hl'en found 
to 1')(' magnetizt·d jocon~i~leIlIJy in direc­

lion Jor vilriotlS ~ample". SUf!gc'stcd ex­

planations have heen ; (l) mow:mcnt or 

fioK in tJw rock after cooling Ihrough the 

Curic point and (2 '1 l-emagl)et' i~:llioll. OJi 

the olher hand, many igneo\l~ roch are 

consistently mit!!'netizcd and in directiol1~ 

heqncnlly quite different rrolll tIll' pn'$enl 
earth's field. J 11 fuel. a "\1c<'C~S;OIl of laHl 

no\\'~ may exhibit it rever~i1.1 of magne:i7.a­

lioll. Aboul' half of the Cenozoic lava Rows 

(Handhll eh del' Physik, 1956) "huw a 

magnet izaliOIl direction reverse Lo lhe 
lt~tlaJ di rectioll. Tht' manner j n which sedi­

mentary rorks han' acquired their ,-elnn­

nellt m(lglleti~m i~ not .~o dcarll' e.~lah­

li.-hed. One mcchanism lIla!' has h:::ell 

propo~('d is t"'-.II Ihe ~cttlil1g of tiny n~ag­

IIcl!c·. particles in quiet wuter would resllll 

ill tlieir orientation by the earth's field . 

Allother, which would nflrly jn thc~ ('aSl~ of 

chcmi('al or oxidized ~('diIllCl1tS, i~ that Ihe 

roek becomes magnetized in the direction 

of the earth's fIeJd whel) crystallization of 
the magnetic Illinera Is hom a ~ollltion 01-

gel or recrystallization occurs. A nolher 

le~5 ill\el1~e, less stable, and hence les:3 im­

portant m(~cll!l1lism of magnetization is 

termed i~olhcrmal. This mechuni;;m in­
"oh-e~ a magnetism resulting simply from 

exposure to a magnetic field with no 
change in temperature. 

The I'alue of paleomagnetic measun~­
ments lies in the possibility that they may 
be used to trace the history and changes of 
the earth's magnetic field through geologic 
timf;. Of grea.ter importance, granted 
<,crlain assumptions are corn~cl, is the 
possibility of establishing whether or not 
polar wandering I)r continental drift has 
e\'er oecu rl'f~d and to trace !<uch pos"ooihle 
movt'ments. Both theoretical and, to some 
extent. observational evidence tend to (;on­
firm the hypotlH'sis Ihat when averaged 
for periods of time (se\'era I thollsands "f 
year~ I thc earth's rotational or geographic 
and magnetic axes luwe been generally 
coi ncident, The dynamo theories of earth 
magnetism of EIsas1'er (1946. 1947) and 
Bullard 11949) :,uggc>st.stlch a coincidence. 
]n Ihc case of rocks (principally lavas) of 
Miocene age or younger. Hospers (1955) 
has concluded that mngnetic pole locations. 
made from aVt' ruge5 of samp les taken over 
lime inkrvals sufficient to reduce secular 
del ' ialion~, are very do,;e to the pre5enl 
geographic pole. Thl1~, he (;ol1c1uc1es that 
the gcogrilphk poles have not moved ap­
prl'.ciably "ince Ih(' end of the Eocene. 

RlIllcorn (19SSni, Graham (1949), and 
Olher,; have foulld excellent c\'idence that 
the magneti(' poles and very likely the geo­
g-raphi,c poles hal'c moved and that the 
pole loealioll~ durillg Paleo'/oic time were 
quite differenl than they are today. Figure 
12 is a map of the mean inferred geo­
gl'aphic pole locations for thc: P,deozoic 
Jlllblished by Howell and Martinez 11957) 

[1'0111 their ciderminutions and Ihose of 

()tlwr~ . A II of the data upon II'hieh these 

pole I()cati()ll~ are based II'CH' obtained 

from ~cdimrlltllry I·ocb. Thi~ mal' ,:uggests 

that there was a progressive mOl'e1l1Cllt of 
the Jloles dming Paleozo ic lime. RUl1corn 

I Lc).')6a i po~tlllat(·d 11 relative mOl'ement 

between )\orlh America and Europe of 

about 20 degrees ba~ed on some of the data 

u3cd in the preparatioll of this map. Other 

\\'orkcr~ have invoked contlllental drift to 
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explain divergent data obtained ill land 
masses in the southern hemisphere. 

Superimposed on this movement of the 
polar areas and/ or relative drift of large 
continental masses is an apparent l'epeatp.d 
reversal in sense of the earth's magnetic 
field that has al read y been n)('ntionccl. 
There is evidence which favors this hypoth. 
esis. On the other hand , several theoretical 

explanations, not requiring a reversal of 
the earth 's field, have been offered to ac· 
count jor the commonly fOllnd inverse 
magnetization ohocks (Neel, 1951,1955). 
Nagata l1952) actually verified one of 
these explanations experimenlally. At 
present, the evidence appears to favor <lC' 

tual reversal s of the magnetic poles of the 
earth. 



PALEOMAGNETIC STUDIES OF SOME TEXAS SEDIMENTARY ROCKS 

We would next like \0 review the dala 
obtained from paleomagnetic measure­
ments of Texas rocks upon which our map 
of polar wandering is partially hasNI as 
well as other data both published and un­
published. 

Figure 13 shows 10caLions of P recambri­
an poles dete.rmi ned by various workers. 
OUT pole locaLion at 49 0 N Latitude and 
1750 W Longitude (Howell, Martinez, 
and Statham, 1953) was basen on meas­
urements of the Hazel formation , a red· 
bed sequence, of Precambrian age crop· 
ping out in Culberson and Hudspeth 
counties of west Texas. It is inter('s ting to 
note that a large number of paleomagnetic 
studies have been made with red beds, 
since hematite, which is thought to be the 
principal magnetic component of the!;e 
beds, has a high magnetic coercive force. 
This means tllat the rock tends to retain its 
early magnetization. Our determination 
resulted from measurements of IS samples 
of flat.lying beds from five locations 
scattered over about 2 miles. In order to 
test the stability of the remanent mag net­
ism, 39 samples ·were obtained from nine 
locations in which the beds were dipping 
-in some instances, as high as 85° ; these 
locations covered a distance of about 20 
miles. Graham (1949) de5cribed hasic 
tests for determining the stability" of 
remanent magnetism with respect to geo· 
logic time. One of his test·s involves measur· 
ing the directions of remanent magnetism 
in a folded beel 01' beds. If the magnetic 
vectors plotted 011 a system of ~pace co­
ordinates aTe scattered but brought back 
into congruence or their scatter reduceel by 
rotating the bells back to a horizontal posi. 
lion, with a corresponding rotat ion of the 
magnetic vedors, then the remanent· mag­
netism must have been stable at least sinee 
the time of folding. In the case oJ the Hazel 
sandstone, this test was inconclusive. The 
data from the dipping beds were consider­
ably more scauered from that of the flat· 

lying beus. figure 14 is a Schmidt net plot 
showing circles of confidence on the 9570 
level plotted for three? groups of data. Circle 
A reprc--ents the data from the flat-lying 
beds, circle B those from the dipping beds 
plotted with refer ence to a system of space 
coordinates, and circle C t}lose from the 
dipping beds plotted wjth reference to a 
"ystem of coordinates tied into the attitude 
of the bed. If circle A had faJlen within 
the area of cirde R, then instability would 
have been indicated; if it had fallen with­
in circle C, then stability would have been 
indicated. These results, as they stand, are 
inconclusive. However, the fact that the 
data from the f1at·lying beds are consistent 
and they arc magnetized ill a direction 
quite different than the direction of the 
earth 's field at the present time is evidence 
favoring stability for the flat· lying beds, 
although the samples show slight insta­
l)iliry in the laboratory. Since some of the 
samples are from thin lenses of sandstone 
in thick sequences of conglomerates, a 
chemical rather than 11 detrital mechanism 
of magnetization is suggested. Figure 15 
is a view of a lypical sandstone lens of this 
sort; however, the lenses sampled were 
larger. 

The Barnett formation of Mississippian 
age which crops Oll t in the Llano uplift area 
of central T exas was sampled at the loca­
tions shown in figure 16. The results have 
been discussed in detail by Martinez and 
Howell (1956) a nd Howell and Marl.incz 
(1957) . Most of the samples ohtained were 
calcareous concretions, as shown in figure 
17 ; however, a few were limestone and 
shale. The samples from one location were 
magnetized in a direction opposite to that 
of the samples from olher localities. The 
pole localions determined from these di­
rections of magnctization are shown in 
figure 18 as well as pole locations deter­
mined from Carboniferous rocks in Eng· 
land by Belshe (R Ull COrB, 1955b) and pole 
locations determined from PCllllsylvanian 
rocks in the Arizona area by RUllcorn 
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FIG . 14. Circle~ of confidence. plo lted in lower hem;~phel'e, for data obtainecllrom the Hazel forma· 
tion. 

(1955b). The "starred" localions were 
calculated from the set of Barnett data ob· 
tained from the larger group of uniformly 
magnetized samples, while the plain circles 
rep resen t pole calculations based on the 
data from the smaller reversely magnetized 
group of samples. An equator has been 
drawn 011 this map corresponding to our 
"starred" poles. 

The Point Peak member of the Wilbems 
formation of Cambrian age which crops 
out in the Llano upldt area has also been 
sampled and the results published by How· 
ell and Martinez (1957). The sample 10-

cations are aJso shown in figure 16. Most of 
the samples are siltstone. Figure 19 is a 
Schmidt net plot of magnetic vector direc­
lions determined for this group of samples. 
All points, except IJlOse that are dotted, fall 
in the lower hemisphere. All of the vectors 
from Lilted beds have been rota led jn a di· 
rection and amount consistent with the 1'0' 

Lation required to remove the tilt of the 
beds. The data show more scatter than 
those -for the Barnett . Howe\'er , assuming 
the points nearer the present field indicate 
less stability than tllOsc more distant, a 
representative vect·or has been chosen near 
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FIG. 15. Lens of sandstone in Hazel conglomerate. 

the head of the points and marked with a 
multiple circle. The pole locations, desig. 
nated by gray triangles, computed from 
this vector are shown in figure 20. The 
similar symbols with an L in the center in· 
dicate the sampling area location. Howell 
and Martinez (1957) hay discussed this 
in greater detail, but it may be advisable 
to point out that measurements from the 
Keweenawan had heen included because 
of a possibility that it might he of Cam· 
brian age. Also, Humble poles designated 
by black squares were determined from 
Cambrian rocks that may have been reo 
magnetized Ilear the end of the Paleozoic. 

While the following data have not been 
used to predict pole locations, principally 
because of lack of evidence for stability of 
remanent magnetism , these results are in­
teresting as examples of some of the rami· 
fications which appear in this field. 

Figure 21 is a lower hemisphere projec. 
tion on a Schmidt 11Ct of measurements of 
remanent magnetism of a large number of 
plugs obtained from two recumbent pene· 
contemporaneous folds of siltstone in the 
'i;mithwick shale cropping out at Mormon 

Mills near Marble Falls, Texas. These data 
are plotted wilh reference to a system of 
space coordinates lied to a level surface; 
however, the beds involved dip 21 degrees. 
Regardless of which part of the fold was 
examined, the magnetic vector was found 
to be to the southeast and down , indicating 
magnetization after folding thai has since 
remained stable. Figure 22 is a view of this 
folded sample after r emoval from the out­
crop. Thirteen additional samples were ob· 
tained from five locations from the east, 
northeast, and west sides of the Llano up· 
lift. Figure 23 shows the direction of mag· 
netization of these samples as well as that 
of the folded sample plotted with reference 
to a system of coordinates tied into the bed· 
ding plane. The direction of the present 
field as well as that of the dipole field is also 
shown. The latter is the field Iha t wotd d reo 
sult jf the earth's magnetization is due to 
a simple dipole at the earth's center, the 
axis of which is congruent with the spin 
axis. A great circle has been drawn through 
the point indicating the direction of this 
dipole field and very generally fol1owing a 
zone of heavier concentration of plotted 



Aspects oj th.e Geology oj T exas: A Symposium 

points. There is some indication of a drif t 
,., tf ~he : dirfC!i9 t1S of ll1a~lletizatiOl~ of th.c 

, yan?u~/ samples alflllg Ihls ~reat Cl rcle ell­
" , '. rectlOn \: lo\\'al:~,4~eHresent dlpole fi eld. The 

:' " ,: <: tact (ha,t 1,11~11~'.~.f-,tl1c, :cla!!l are from dipping 
':;' : j' , '. . ,': , ~eds rria~es t~is" ~J:W!Axi D1,atiolJ some ~vhat 

, ,; '.' . lill reliable si nce tht
' 
g reat cjrcle route along 

, };"~ ;;:.,;'!y,lltel'f;, each , ve~~ol' ,~\'otllAtend to ' move 

"'i"';} :f/~,lv6~1(;bB:::,~~I;~~l'i~~e~ by it~ :position in 
.' , , . wace . , 1\L~I,));;}ate; ! ~~ an avc! age vector 

},'ere seleCt,ceLlal the head of poinls as in the 
case of the Poin t Peak member of the Wil· 
berns, the correspondi ng location of the 

I 

I 
I 

I , 
Me CULLOCH I 

G. Hif 
(? , 

BRAOY I 

North Pole would be 22 ° S Latitude and 
56° W Longitude. The South Pole would 
be at 22° N Latitude and J24° E Longi . 
tude. This pole locatio]1 , while in the gen· 
('ralarea of other dete rminations of Paleo· 
zoic poles, does not lie in its proper posi. 
tion along the proposed path oC polar move­
nwnt. As Runcorn l1956a ) has pointed out 
previously: in the case of unstable magne­
tizations which follow a great cirde 
through the dipole point, the longitude de· 
termina tions should be more )'('liabJe than 
111(' lat itude . All points on the great circle 
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FIG. 17. Typical concretion in Barnell formation of i'1'(ississippian age (after Howell and Martinez, 
1957; used wilh permission ). The point of Ii geologist's hammer is shown for scale. 

correspond to tlle same longitude location 
of the pole. On the other hand, the latitude 
depends 011 the head point chosen along 
the great circle. This point may be in error. 
Our longitude determination is somewhat 
in bettcr agreement with other observa­
tions than is our latitude. 

One of the real problems which enter 
into a study of the paleomagnetism of a 
suite of surface samples is to dccide to what 
extent oxidation of the ferromagnesian 
minerals has affected the magnetic proper­
ties. Figure 2;J· shows the increase in in­
tensity of magnetization with increase in 
the degree of oxidation of an unoriented 
boulder of Strawn sandstone. This would 
certainly lead one to t.he conclusion that 
the Lime of magnetizatioll is indeed very 
recent. Figure 25 is a Schmidt net plot of 
the magnetic vectors determined from 18 
samples of Bell Canyon sandstone of Per-

mian age which crops out in the Guadalupe 
and Delaware Mountains of west Texas and 
New Mexico. These data indicate remag­
netization, possibly by some process similar 
to that suggested above. A pole calculated 
from these points would be quite different 
from published Permian poles from other 
areas. 

Somewhat similar data to those from the 
Bell Canyon formation , although more scat­
tered, are shown in figures 26 and 27. 
These are lower hemisphere plots of the 
magnetic vectors of suites of samples from 
the Bedias member of the Wellborn forma­
tion of Eocene age and the Soledad tuff 
member of the Catahoula formation of 
:Miocene age. In both cases these points 
cluster near, although not upon, the present 
{Iipole field. The principal difficulty with 
plots of this kind, from flat-lying beds 
where the vectors group so near the present 
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field , is that stabilily is not so easily estab· 
lished. 

Figure 28 is a Schmidt net plot of Ihe 
data from 14 samples from the Weches 
(Eocene) of east Texas. It is parlicularly 
interesting that the normally magneli7.ed 
samples, in dicated by open ci rcles, are 
from either very oxidized glauconitic sand· 
stone or iron ore derived from weathering 
of the glauconite. The th ree invcrsdy mag· 

o 

N 

Ilclizcd samples indicated by solid circles 
are from relatively unoxidized glauconi tic 
sandstone. This would se('J)] to suggest a 
r eversed field durillg this part of Weches 
ti me. 

A good example quite often fou nd of 
scattered magneLizatioll of sedimenlary 
rocks is shown by the plot in figure 29 of a 
large number of samples obtained from the 
Oakv ille formation of Miocene age from 
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Ihe Texas Gulf Coast. Even here there is a 
3uggeslioll of some agreement with the 
present field. Since all of the published dala 
place the Miocene and present poles in 
similar positions, it is indeterminate 
whether Ihis is an inilial magnetization or 
nolo 
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FIr.. 21. Lower hemi:;phe,c plol of magnetic 
"eelors of {Jeoecontemporollcous fold s in the 
Smilhwick formalion. 

Flc;. 22. Sample from a penecontemporaneous fold in the Smithwick formation. 
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FtG. 24. Compari son of int ensity of magne tiza tion with degree of oxidution ill Strawn sandstone. 
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FIG. 27. Lower hemisphere plot of magnetic vectors for six samples of the Soledad tuff member of 
the Catahoula formation. 
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FIG. 28. Plot of magnetic vectors for fourteen samples of the Weches formation. 
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PALEOMAGNETIC STUDY OF SOME TERTIARY VOLCANICS IN 

THE BIG BEND NATIONAL PARK 

The next discussion is a brief summary 
of the results of a paleomagneti c study of 
some of the Tertiary volcanics ill the Big 
Bend National Park. The principal object 
of this study was 10 test the usc of such data 
as a correlation tool as suggested by RUll­
corn (1956b) and others. Drs. John T. 
Lonsdale and Ross A. Maxwell. of the Bu­
reau of Economic Geology al The Univer· 
sity o£ Texas, were responsible for relating 
the sampling pror-ram to the geology of the 
area. Most of the field work was conducted 
jointly with Dr. Maxwell and to some ex· 
tellt with Dr. Lonsdale. They have bl'cn 
engaged for some time in mapping this 
area, but their work is as yet largely un­
published. Without their guidance, this 
study would not have been signifi cant. The 
volcanic rocks studied are included in the 
Chisos volcanic series of upper Eocene and 
Oligocene age. This sequence has been de· 
scribed by LonsdaJe et al. (1955) as fol· 
lows: "The part of the Tertiary sequence 
in the park area which contains abunnant 
pyroclastic rocks and lavas has been called 
the Chisos volcanic series." "Sannstone, 
conglomerate, and fresh·V:'at(' r limestone 
also are present but various types of pyro­
clastic and extrusive rocks am character­
ist ic of the series. A complete uninterrunt· 
ed section has not been fOlllld and the 
thickness and lithology of the sequence 
vary greatly from place to place within the 
series." Extensive faulting and complex 
stratigraphic changes laterally make cor· 
relation of the extrusive rocks diffi cult in 
many cases from one exposure to anot·her. 
Lonsdale and Maxwell (verbal communi· 
cation) ha\'e tentatively recognized five 
hasalts, one trachyannesile flow, a flow 
breccia (i ncluding some sediments) , and 
a riebeckite rhyolite flow, in that order 
from bottom to top. In most cases these 
units are separated from each other by 
various thicknesses of Chisos sediments. 
In many cases, relatively positive correla · 
tion of these units can be made from one 

exposure to another. In some cases, this is 
diffi cult to do. Since the basalts are litho· 
log ically ve ry similar, thl"Y are particularly 
troublesome. The lrachyandesi te, the Aow 
breccia , and the ri ebeckite rhyolite can be 
distinguished 011 the basis of lithology, al· 
though it is possible that the trachyandesilc 
is a multiAow unit. 

For the purpose of this study, samples 
were obtained from the locations indicated 
Oil the topographic map in figure 30. The 
unit sampled at each location is also indi­
cated. In some instances, the other ev i­
dence used for identifying the particular 
unit may be questionable. These questions 
are discussed in the following detailed di s· 
cussion of the data . Figure 31 is a Schmid t 
net plot of the data from eight samples of 
what was considered to be the lowest ba­
salt flow (no. 1). In this and the following 
plots, solid circles represent upward·direct. 
ed vectors. These samples are from three 
separate locations. With the exception of 
olle location, the magnetization is in gen· 
eral agreement with the present dipole 
field. The divergent data show a seatter in 
results from two samples from a si ngle out­
crop. The difference might possibly he ex­
plained by erroneous correlation of the ba­
salt at this location with basalt no. 1. Fi g­
UTe 32 is a plot of the data from 21 samples 
of basalt no . 2, the next highest basalt. 
These samples are very strongly magnet­
ized but vary greatly ill direction from lo­
cation to location, and in most cases from 
sample to sample. Location 3 differs in 
b~~ ing fairly consistently magnetized in an 
inverse direction. With this exception, the 
scatter seems characteristic of this flow. 
Figure 33 is a plot of the data from basalt 
no. 3. This 110w is characte rized by an in­
vrl'se magnetization. There are certain 
samples here also that do not fit the gen· 
eral pattern for this flow. Again, the ques· 
tion is raised eOl1cerning the accuracy of 
the correlation of samples from which the 
data ill disagreement were obtained. Of 
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FIG. 31. Plot of magnetic vectors for ba.ait Row 110. L 

eOUfse, unstable samples might also pro­
duce Ihis sort o( data. The data fOf basalt 
no. 4. are shown in figure 34. The assign­
ment of the basalt at location 2 10 this flow 
was stated by Maxwcll (lleroal communi­
cation) to be definitely questionable. How­
ever, no very clear picture results, even if 
these data are excluded. Figure 35 shows 
that basalt no. 5 is magnetized in a direc­
tion near but somewhat different than the 
present field. However, only one location 
was sampled. Figure 36 shows the data 
from 14· samples from six locations of the 
Tule Tylountain trachyandesite. Some of the 

vectors are scalter('d hut some "home" 011 

the prc<::cnt field. Three possibilities arc 
suggested. First, the Tule may consist of 
more than olle now and these may have dif­
ferent magnetic characteristics. Second, 
there may be some penecontemporaneous 
effects, slIch as a differential moveme.nt of 
consolidated portions of the flow at tem­
peratures below the Curie point , that reo 
sulte.d in scattered directiolls of magnetiza· 
tion in this unit. The third possibility is that 
this rock is somewhat unst-able magnet­
ically and that the magnetization directions 
of many of the samples have drifted back 
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Flc. 32. Plol of magnetic \"eelors for ba.all flow no. 2. 

to the ({irectioll of the present field, and 
some h1l\'e been moving in this direction 
but have still not reached this po~ilion. The 
fact that a large numher of poinls ('luster 
in the area of the present field is evidence 
in this regard. It is further ~uggc~led that 
the random location of tht~ other points is 
evidence that this unit may have inilially 
been magnetized in a direction r(,verse to 
the. present fjeld, sil1(;e only from this inilial 
position cou I d the vectors follow an infinite 
number of great circle paths to the prcst>lll 
position of the field. It would seem that a 
movcmi;'llt from any other point would re-

suit in some clustering: 0 r the vcdors Along 
some single great circle path. The good 
agreement of dala from the same samples 
is contradictory evidence. Thi~ explanation 
might be applied to ~Ollle of (he other in­
coherent dala. The Burro Mesa rielwckite 
rh)'oli lc is qui!c consistently magnelized, 
and an orange-rolored floll' ureccia unit 
immediately under the rhyolite considered 
by Lonsdale awl Maxwell (verbal com­
munication) to be a part of the same e.rup­
Liv!' (;yde s(~(~ms fairly consistently mag­
netizf'd, [IS nJ<iy be 5(:en on figures :37 and 
.38. Figure .38 is a ploL of the dala from n 
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~'Imples from five locations of the BlilTO 

;'l'iesa ri [·beckite rhyoli leo Figure 37 is a 
plot of the data from the orange·coloreel 
flow breccia unit. Witll reservations. this 
!'Sequellce of plot;; lend5 encouragenwnl to 

the Lh(~"i~ that relll[lnent magneti:-m meas­
urements may be lls,'d as <tll- aid in corre­

laling vokanic sequences in cOllj unctjon 
with convcntional petrographic anrl field 
nll'lhoas. J n Ihis particular \lork. til(: i.('sl­
ing' and U:ie of the data have gone hand in 
hanci. Some of Lh,: qu(:stions that have 
arisen might have bN:n avoided by work-

Dipole Field 

44 • 

ing in a Je~;; complicated area, hut then lhe 
use of this tool in field mapping here 
would have been delayed. Certainly. we 
mUSl ('mphasize that for !I statistical stucl~' 
of this nature we lack qU3ntitir" of data. 
Also: some of the beds show random mag­
netiZation. Thi~ ~latc mayor may not he 
JwlpflIl depending on iL~ frequency of oe­
CIH[('llCe in the ~r(lut'll('e. In the ca~e of 
ba~alt no. 2. it appearrd to be he-Jpfn!. On 
tlw other hancl, there is a good possi lJility 
thal key beds can be foJlow(:'d, which arc 
con~iS[Pllt I y Ill!lgn eli zi'd. 
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FIG. 34. Plot of magnetic vectors for basalt flow no. 4. 
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Flc. 35. Plot of magnetic vectors for ba€ait flow no. 5. 
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Flc. 37. Plot of magnetic vectors for the orange·colored flow breccia unit. 
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METAMORPHIC ROCKS 

Howell, Martinez, and Statham (1958) 
have already discussed in some detail 
results of studies of some metamorphic 
rocks. The writers would only like to state 
here that there appears to be a relation· 
ship between the direction of magnetiza­
tion and planar elements in such rocks. 
(This was first observed by Mr. P. H. 
Masson of the Humble Oil & Refining 
Company.) Figure 39 is a plot of magnetic 

Ny 

vectors measured in two samples of the 
Packsaddle schist and shows their relation· 
ship to the plane of schistosity. Figure 40 
is a plot of magnetic vectors measured in 
a sample of Valley Spring gneiss and shows 
their relationship to the plane of foliation. 
All samples were from outcrops of these 
two ullits in the Llano uplift of central 
Texas. 

---- .... ----... -..... .... , .... .... .... 
" , , 

FtG. 39. Upper hemisphere plot of magnetic vectors (or the Packsaddle schist. (Mod:fied (rom 
Howell, Martinez, and Statham, 1958.) 
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FJ(;. 40. Upper hemisphere plot of magnetic vectors for the Valley Spring gneiss. (Modified from 
Howell, Martinez. and Statham, 1958.) 

CONCLUSION 
In conclusion, we Ieel that studies of 

rock magnetism will be of great value in 
the broad problems of polar wandering 

and continental drift , as well as in specific 
problems such as the correlation of vol· 
canic sequences. 
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Deposition and Alteration of the Edwards 
Limestone, Central Texas· 

HENRY F. NELSON~ 

ABSTRACT 

The Edwa rds limestone is the uppermost 
formation in the Fredericksburg group 
(Early Cretaceous epoch). In the vicini ty 
of the Red River , the group is composed 
predominantly of terrigenous clastic sedi· 
ments. To the south, the terrigenous sedi· 
ments grade into the marls, shell beds, and 
Mdular limestones of the Walnut and 
Comanche Peak fo rmations. The latter, in 
turn, grade into the Edwards formation 
far ther south . Near Austin , the Edwards 
formation consti tutes most of the freder­
icksburg group. 

At various localities ill Bell , Coryell , and 
McLennan counties, the Comanche Peak 
limestone grades into the Edwards lime­
stone by (1) an increase in grain size, (2) 
a gradua l increase in the num ber of ru· 
distids in the uppet part of the Comanche 
Peak l imestone, (3) transition of massive 
nodul a r limestone into well-bedded l ime· 
stone, and (4·) intertonguing of nodular 
limestone wi th rudi stid limestone. 

The Edwards formation is 16 feet thick 
north of Gatesvill e in Coryell County. It 
i))crea~es in thickness to the south and east 
reaching a maximum thickness of 124 feet 
near Moffat in northern Bell County. South 
of Moffat it decreases in thickness. It is 68 
feet thick at locality B·T·8 sOllthwest of 
Belton. Variations in thickness of the Ed­
wards formati on are- due primaril y to 
facies changes of the Edwards limestone 
illlo the Comanche Peak limestone. How· 
ever, topographic reI ief, due either to local 
reef growth in the Edwards limestone or 

I TIl l,:; lJQj)c:r W,,:, prc s ~nl4:d <I t Ihe l\I e4..'l in~ in Au d in hI 0" .. 
\ u h t~r 1959 ,IUd :lpl'c",rs 00 IHI:.:t'lO 21 ·95 o f The Un; \'erll- it)' 1>( 
TexOls l'u l.l it::lIion 5905, "S~' IU I)O ~ i ul1l 011 Edw:ml,( Lime:iIO ne in 
Ct'nl r'l\ Tt.'X,,~.H For I hi~ rc:u:on . abt trOlct (ft'Juint cod} nnl r j,:\ 
ind udrd in Ihi; l)rc!'C!nl t}ublil":tti u{1. 

r. R~" (, OItch A$j:o~ i a l c . Socon)" Mobil Oil CoIHJl!l I\>'. Inc .• 
Fir-I t! Rc!oeard\ uou r;& l Ol"f. lliltl;h. Tc::us. 

erosion of the limestone prior to deposition 
of the overlying formations, probably 
caused some variation in thickness. 

The Edwards formation is unconform­
ably overlain by the Kiamichi and Duck 
Creek formations. Evidence for an uncon· 
formity includes (1) oxidation and case· 
hardening of the top of the Edwards lime. 
stone, (2 ) occurrence of small pits and 
bore holes filled wi th Kiamichi shale in 
the top of the Edwards limestone, (3) 
onlap of successivel y higher lithologic 
units of the shale upon the Edwards forma­
tion , and (4·) onlap and pinchout of the 
shale around rudistid reefs. There is no 
evidence of gradation between the two 
formations. The Kiamichi shale pinches 
O ~lt in 50utheastern Coryt'll County a long 
a line extending from Whi tson toward 
Gatesville. 

In the area of this study: the Edwa1"d~ 
forma tion is a reef compl ex made up of 
massive rudistid biohermal and biostromal 
reefs that grade laterall y into well·bedded 
inter-reef deposits. Biohermsl reefs an.: 
composed of a mass of rudistids and as­
sociated organisms embedded in s very 
fine-grained matrix . Three faunal zones 
can be frequentl y recognized. A coral zone 
in which Cladophyllia is prominent OCCU1":; 
at the base of the reef~ . The Cladophyllifl 
zone grades upward into a zone of Tou­
casia and illonopleura .. The MOTlopleura­
ToucGsi(1. zone grades upward and out ­
ward ,from the reef core into the ZOl)(~ of 
Caprinu.loidea., Eora.d£oli!.e s, and Cholt­
drodollta. The biohermsl reefs range from 
a minimum thickness of 9 feet to a maxi· 
mum known thickness of 55 feet. The reef 
cores g rade laterally into more fragmen tal 
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flank beds that dip away from the cores 
with inclinations as great as 35 degrees. Tn 
some places, the biohermal reefs apparent­
ly stood at least 20 feel above the surround­
ing sediments. 

The inter-reef sediments are composed 
of well-sorted ca1cilutites, calcareniles. 
and poorly sorted shell debris. Most parti ­
des are well rounded and are composed 
mainly of "original" shell fragments, reo 
crystallized shell fragments, and opaql ~c 
grains. The. particles are cemented wi th 
clear calcite t11l1t· i", believed to be an 
original precipitate rather than a product 
of recrystallization. The cheri in til(> inter­
reef fa~ies is a primary deposit. 

Primary dolomite occurs as beds and a~ 
crystals disseminated in limes tones and 
cherI. Dolomite also occurs as a diagenetic 
mineral in the matrix of limestones, in the 
body chambers and shell walls of fossils, 
in bore holes, and in voids in reef lime­
stones. 

In Bell and southeastern Coryell COUII­

ties, south of the pinchout of the Kiamichi 
shale, the Edwards . formation has been 
altered by post-lithification proces~es 

which include solution , recrystallization. 
cavity filling, dolomitization , and silicifi­
cation. The resulting limestones are 
characteristically mOllled shades of brown. 
yellow, and pink. They are hard dense 
crystalline limestones I hat OCCllr as beds, 
concretions, and irrE'gular·shaped masses. 
Post·lithification dolomite is 50ft, very 
finely crystallinr, alld has excellrnt inter­
crystalline porosity , except where it has 
been cemented by subsequent precipita' 
tioll of calcite in the pores. 

This study and a previous study [Ferny. 
D. E., and Nelson , H. F. (956) NatUl'e of 

porosit y und permeability in the Edwards 
formation , Texas (abs!.): Amer. Assoc. 
Petro Ceol.. Program of 41st Ann . Meet· 
ing, Chicago, pp. 14-151 have shown lhat 
post·lilhi lication dolomite occurs where 
the Kiamichi shale is thin or absent and 
that dolomitization took place prior to 
deposition of the Duck Creek limeston e. 
The time when the crystalline and silici fied 
limestones formed has not bet'n positively 
established. Some of them formed afl.er 
dolomitization . Extensive chalkification of 
the Edwards limestone appears to be re­
lated to present· day topography. 

During the Early Cretaceolls epoch. the 
rudistids and associated organ isms formed 
one of the most extensive reef complexes 
in geologic history. At the beginning of 
Fredericksburg lime. the fauna began to 
migrate northwestward from the main reef 
trend. As they migrated, they transgressed 
the Fredericksburg group and formed a 
reef compl(~x along the west side of the 
Tyler basin. The reef complex, which is 
described in this study, effectively sub­
divided the lagoon behind the main reef 
trend into Iwo parls: the Austin lagoon in 
which rudistid biostromes, granular lime­

~stones, and chert (Edwards) were formed 
and the Tyler lagoon in which the Paluxy, 
Walnut , and Comanche Peak formations 
were deposited. The Fredericksburg age 
was brought to a close by regional up­
lift, but before uplift took place. reef 
growth had' ceased and sedimentation had 
essentially filled the inter· reef basins to 
the crest~ of Ihe reefs. Uplift was appar­
ently not very great. Following uplift , the 
Edwards limestone was subjected to post· 
lithification alteration that developed new 
types of carbonate rocks. 



Geology of the Texas Panhandle 
JOHN H. NICHOLSONG 

ABSTRACT 

The Amarillo uplift in the center of the 
Panhandle and the Matador arch Ilcar the 
southern limit are dominant structures. 
The Amarillo uplift connects with the 
Wichita Mountains of Oklahoma and is 
en echelon with the Bravo dome. an ele· 
ment of the Sierra Grande uplift of New 
Mexico. The Matador arch parallels the 
Bed River arch of north Texas and Milne­
sand dome of New Mexico. There are three 
basins in the Panhandle : deep Anadarko 
basin north of the Amarillo uplift· shallow 
Dalhart basin in the northwest Panhandle; 
and Palo Duro basin between the Ama­
rillo and Matador structures. Secondary 
structures oblique to the Amarillo uplift 
occur in adjacent hasins. 

The Texas Peninsula was a broad arch 
IIntil Mississippian time; structural ac­
tivity responsible for basins and uplifts 
commenced in Late Mississippian and cuI-

minated III Middle Pennsylvanian (Des 
l\'toines ) time. 

A relatively comp\('te section of pre· 
Pennsylvanian rocks occurs in the Ana­
darko basin; the Palo Duro and Dalhart 
basins contain only Cambrian, Ordovician, 
and Missi ssippian sediments. Early and 
Middle Pennsvlvanian elastics eroded 
from rising st~uclures were trapped in 
adjacent basins, with some carbonates de­
posited away from clastic sources. Late 
Pennsylvanian carbonate deposition domi­
nated shelf areas of subsiding basins; fine 
clastics accumulated in th(' center of basins. 
Shallow water deposits covered the basins 
in Late Pennsylvanian followed by subsi · 
dence and f(~newed (:arbonate deposition 
during Wolfcamp (Permian) time; post­
Wolfcamp Permian deposits are evapo· 
rites and terrigenous clastics. HegionaI 
uplift was followed later by deposition of 
Triassi c and Cenozoic nonmarine rocks , 

1NTRODUCTION 

The Panhandle of Texas is si tuat(~d in 
the southern part of the Great Plains region 
(fig. 4.1) . In 1919 nalural gas was dis­
covered in what is now the Panhandle 
field on the crest of the buried Amarillo 
Mountains, and this discovery Jed to a 
development program that uncovered t"he 
largest single gas fi eld in the world . Since 
that time the petroleum indust ry has 10-
caled numerous oil and gas fi elds, and 
petroleum is now one of the major eco­
nomic assets of the region. 

Subsurface geology in the Texas Pan­
handle has been discussed in many publi­
cations since Charles N. Gould (1907, pp. 
14~15, 18- 21) recognized the tectonic 
nature of folds in Upper Permian beds 
along the Canadian Hiver. Gould, truly a 

pioneer geologist, introduced the terms 
"Amarillo Mountains" (1923, p. 552), 
"Anadarko hasin" (1924., p. 324), and 
"Palo Duro basin" Un Gould and Lewis, 
1926, p. 14). Papers by mal1Y subsequent 
workers, who have contributed to the un­
derstanding of the Paleozoi c rocks beneath 
lhe flat Tertiary "caprock" and adjacent 
dissected Triassic and Upper Permian red 
beds, are listed in SelIards (1933) and 
Girard (1959). Published papers have 
touched on many geologic aspects, from 
oil field studies to paleogeography and 
paleontology. Rogatz's (1935, 1939) com­
prehensive papers on the geology of the· 
large Panhandle oil and gas field outlined 
the main features of olle of the most in­
tensively drilled structures in the world . 
Roth (1955) and Totten (1956) discussed 
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Ihe gcneral stratigraphy, structUl"(', and 
geologic history of the province. 'follen 's 
paper (pp. 1965-1967) also (:ol1lain~ n 
llseful hibliographr. 

In onler to make a geologje study of the 
.Pllnhandle region, most emphasis lIll)st he 
placcd on subsurfatt". data derived Croln 

"'ells ill the area. Without [his informa­
tioll , aeoloa-ical knoll'l~dge ill lht' area 
would 'i ndc~d be superli.t:i;i. Tn some parIs 
of the Panhandle, W(:lls are closely spaced 
and correlations act" very reliable, but UIl­
fortunatdy in other part., spacing is distant 
anrl eorn-Iations are doubt fill. 



STRUCTURE 

The basement structure of the Pan· 
handle i~ dominated by two main trends of 
folding (fig. 42 ) . The Amarillo Mountain 
uplift. the more prominent of the two, 
trends n orthwesterly across the center of 
the Panhandle, and the Matador arch or 
upli fL trends in a wester ly direction across 
the southern limit. Com plementing these 
lwo fc a tures are the Wichita Mountains of 
south\\,(,~t Oklahoma. in trend with the 
Am arillo Mallntai)]s, and the Oldham 
nose , mOrt' commonly called the Bravo 
dom~ , which plunges to the southeast and 
is abo en ('chdon with til(' Amarillo MOLIn­
tains. On trend with the Mntador arch are 

the H.ed River arch of north-central T exas 
and the Milnesand dome of New Mexico 
and Texas. Dominating the area immedi­
ately west of the Texas Panhandle is Ule 
massive Sierra Grande uplift of northCHsl 
New Mexico . 

[n conjunction with the two major sys· 
tems of folds is a less prominent group 
stl'iking ~()uth\\'ard at an angle frolll the 
Amarillo Mountains into the Palo Duro 
basin, and another group striking north· 
westward <lcross the Anadarko basin, The 
Anadarko basin is extremely deep adjacent 
to the mountain belL due to the prominent 
fault system on the north flank of the Ama-
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rillo Mountains, and too few wells have 
been drilled to establish structural patterns 
in Ihat area. Northward around the north 
flank of the Anadarko basin , conlrol is suf­
ficient to establish the same general trend 
of folds as established south of the Ama· 
rillo Mountain trend. This pattern of fold­
ing striking obliquely to the main axis of 
the Amarillo uplift has been explained as 
secondary folding resulting from shear 
movement along the Amarillo Mounlain 
front. Such a shear movement would not 
only explain the secondary system of folds 
which are readil y apparent but would also 
explain another minor folding trend which 

has been discovered in the Anadarko basin 
paralleling the Amarillo Mountains. If 
shear movement occurred, this set of lesser 
folds would be third-order folds caused by 
the shear movement. Also, there is evi­
dence of cross faulting in the Amarillo 
Mountains, and there is a system of paral­
I el fault s which is present along most of 
the south flank but is of less magnitude 
Ihall the main fault 01) the north flank. 

The Matador arch is not 11 continuous 
uplift such as the Amarillo Mountains but 
is a series of isolated structural peaks 
which are hounded Oil the north and south · 
by faults which parallel the trend , and 

Flc, 43-. Structure conlour nlap of Precamhrian h<L~ellle nl' :' lIrface. 
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proh"bly by some cro~s faulting of a lesser 
magnitude, Thi~ system also has certain 
characleristi('s ~t1gg(·~sting shenr movement. 
The individual peaks are of varyiug 
hc i ght~, have befn differentially eroded, 
ilnd hu\'e ,,:orne contiguous folds extending 
outward in a pattern simil"r to that associ· 
Mcd II-jib lhe Amarillo uplift. Tlw ('X1\I'[ 

n,4(ure of the main folding in the Malador 
s)'slem CUll only be Sp('culalcd 011 at lhi:; 
time (itw to insufficient ('onl roJ. 

A structural map conloun'd on the Pre, 
('ambrian bH~elll('nl 5urfuce ~ho\\'s the very 
pl"Omill(,lll Anadarko ba:;in l'x!'~!lding into 
T(~xas from the Ulst, the shallow Dalhart 

basin ill lhe northwc:;l part of the Texas 
Panhandle, and the broad, complll"at ively 
shallow Palo Duro basil! t'xtending through 
the south(~rn parL of t.he Pall handle (fig. 
t13), Thi~ basement map jllJiCIILp.s very 
few faults; hO\\· <~Vtr. fallltin!! ill the area is 
prohahly muth more comp'iex nnd fa'tllts 
are more: num('rou~ Ih«11 prcsrlltJy recog' 
nized, All faulling appears- to be llOnual ex· 
('eptthat in some places the main fault 
bounding the Amarillo Mouiliain uplift on 
the north appears locally to be slightly )'('. 
vel'5I:', The same fau It ~yst(>m eas t II-a rd 
along the front of the Wichita Mountains 
apjll?ars to be overthrUsL. T t is qU(,5liol1able 

SC~LE 

~~~-;_;;'~O ~_;;Z~OIlllllllllIlllllllll~40;;;;;~~t~O IIIIIIIIIIIIIIIIIIII~eoMiies: 
ConlO·Jr 100~er\loJ tOO feet 
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whether the overhang occurring along this 
fault is the result of thrusting or local high­
angle reverse faulting associated I"ith com­
plex right lateral shearing. Since all other 
structural evidence suggests shearing 
rather than direct compression, overhangs 
along the fault probably resulled from sec­
ond and third-order stresses along a major 
shear zone. 

The oldest recognized structure in the 
area was a broad arch or warp that ex· 
tended in a northwest-southeast direction 
across the entire Panhandle area into cen­
tral Texas. This feature, named the Texas 
Peninsu la by Adams (1954, p. 73), is 
dated as Lower Ordovician and is evi­
denced by the erosion of the Cambro-Or­
dovician sediments along its Ranks. The 
position of this feature is demonstrated by 
isopaching the pre·Mississippian sediments 
which generally define its limits. By early 

Mississippian time, this arch ceased to be 
a positive element and younger Paleozoic 
beds were deposited across it (fig. 44) . 

The Texas Panhandle basins were initi­
ated in conjunction with the Amarillo 
Mountains and associated folding. For 
many years the age of the Amarillo Moun­
tain uplift and other prominent struc tures 
in the Panhandle area was assumed to be 
mid·Dornick Hills, I\,hieh is an archaic 
Oklahoma term equivalent to early 
Strawn or Des Moines. More recent ev i­
dence indicates that structural movement 
along the same general axes was initiated 
probably as early as late Mississippian 
time. Present structure in the area appears 
to have had an intermittent history 
throughout Paleozoic time wilh ])criods of 
uplift followed by periods of stability and 
then rejuvenated uplift along the same 
axes. 



STRA TIGRAPHY 

An epi'continenlal sea covered the Pun· 
handle area through most of the Paleozoic 
with shore lines far removed to the north 
and west. Individual sl ructural dements 
were expo~ed and eroded to sea level at 
various times. The Texas Peninsula was a 
low·lying positive element between Ordo· 
vician and Mississippian time, and the 
Amarillo Mountains, Matador Peab. and 
associated structures w('re exposed and had 
their maximum erosion during early 
Strawn timl'. There were other lesser perj· 

ods of widc.<prl'ad ere>sion o~' ('r dw entirc 
re.qjon. 

The strati graphic colum!l di p:. 4.5) has 
been simplified . The Panhandle i~ plagued 
with a va rietv of strati1:!:raphic names dp· 
rived from tl~(' Mid·Co~tinent region, llw 
Rock\' Mountains. west Texa~, north and 
central Texas. and mall)" terms uniqur to 
this area. U~af'e of these terms varies. In 
th(, slratigrnphic chart. the Panhandle- is 
divided into the wesl e rn Anadark() ha !; in 
and the Palo Duro and Dalhart basins. 

Dep()~its ill the wt' ~t(>rn Anadarko basin 
rangr in 81'!'e from UPIWI' Cnmbrian 
through the PN mian with Ollly tll'O gaps in 
depositiol1 . The Devonial1 is missing ex­
ce-pt for the Hunton Ijme~lone of Sil{ll"ian 
and Lower Devonian age, ancl th~ early 
Pennsvlvanian Springer scric3 has 110(1)('cl1 

identified in the Panhandle. 
In the Dalhart and Palo Du TO basillS if 

hasal sandstone, po~sibly the Hickory for· 
mation in part, was erratically deposited. 
Remnants of the Ellellburg(~r group are 
shown on the isopachous rn ap of the Cam· 
hrian-Ordovic ian (fig. 44). No post-Ellen­
burger, pre·Mississippian deposits have 
br.en recognized in these basins . The Penn­
sylvanian Springer series is missing, and 
Ihe Morrow series is present only in the 
northern part of the Dalhart basin. The ap· 
parent absence of Morrow strala in the 
rest of the Palo Duro and Dalhart basins 
may be due to erroneous dating of rock:; 
included in the Bend series. It is possible 
thal the lower part of the Bend series in the 
Palo Duro and Dalhart basins is equi~'a-

lent to the Morrow ~ediments of the west­
ern Anadarko basin. 

In the Panhandle an~a continuous de:po. 
sition occurred throughout most of the 
Permian. Erosion of the Upper Permian in 
the easLt~rll Palo Duro basin locally reo 
mover! part ()f thl' Whitehorse group, but 
over thc n:l1lainder of the Panhandle th!': 
entire Permian t'xcepL for the Ochoa series 
is presellL. Post·Paleozoic rocks include the 
Trias~ic Dockum group. the uppt'r Tertiary 
Ogallala formation , and Quaternary allu· 
vium. 

The simJllc~t way to disc.us$ the stm· 
tigTuphy of the Panhandle area is to divide 
the depositional sequence into threE' maior 
subdivisions. path of whi ch ('onsists of a 
di s tin<:til'e ;mi I.e of closely related ro[·k 
types I PIs. I ·ITl): ( 1) the pre·Perms)'!­
VUniall sequence, which indudt,s all s('di· 
ll1ents deposited prior to (ll(' formaliOIl of 
the pre-sent structural pattern; f21 tIl(' 
P("nl1sylvanian-PI'nnian sequence, whi('h 
\\' as deposited during the growth and 
burial of the present structure; and (3) 
thf' po~I·Prrllliall st'qurnce. 

PRE·PENi\'S)·LY.·\NIAN SI:;Qt!EJ\CI-: 

The pre-Pennsylvanian consists of sl-lf'lf 
deposits n:ecpt for some late Mississippian 
beds in tli<' Anadarko basin (fig_ 46) . The 
earliest unit deposited 0)) the eroded Pre· 
cambrian surface was a discontinuous 
sandstone which is extremely variable in 
thickness, composition, and texlure where­
encountered in deep welk It is porous and 
coarse to fine grained with varying 
amounts of glauconite. Unquestionably 
this deposit was derived from tlw eroded 
igneous surface and locally reworked. Its 
thickness V8 rics from a few to 350 feet. 
This basal sandstone is o .... erlain by beds 
ranging ill age. from Cambro-Ordovician 
to Mississippian. The exact age of this unit 
has not been determined but is inferred to· 
be Cambrian. 

Oyerlying this basal sandstone, and in 
many places deposited on the Precambrian 
igneilus surface, is a carbonate sequence of 
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'9"~OUS 
(Precl'JlTlb(lon~ (Hun!OI)) 

F II:. 46. I'enll~\"h'alliall ~lliJcr()p lllilJl. 

pre·Pennsylvanian age whi(:h is mostly 
limeslone and dolomite wilh thin inter­
h(~dned shales and S[lncl~to!le~_ This pre­
Penllsylvanian carbonate ",eql1enc(> is 
similar 10 that throughout ,,"('5l Tc'xas in 
that it c'ontains a ))~Illber of thin chert 
ZOIW~. The Arhuckl(· or Ellellburger dolo­
mite which occur:;; at the ba~e of this int er­
val ha~ a maximum thickness in the area of 
more than 1,500 fe et. The Lipper Ordo· 

"ic ian, Silurian, and Devonian i" a thin sC" 

que!lCe including- the Simpson !'halc~ ane! 
limestone, the Viola lime-stonc, th(~ Sylvan 
shale. and the Hunton limestone, \\"hi ch 
has a maximum lhir.kll(,<-S of more than 300 
feet. Overlving the Hunton group i~ a 
Mis~i5sip]lial1 sequt'llr:e with n maximum 
thickness oi 2,700 feet consisting of the 
Killderhook s(lllcl;:lOlW, Iime~1011(', and 
dolomik: the O~ag(~ limr.;;tonc and dolo-
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mite; the Meramec limestone and dolo· 
mite; and the Chester limestone, dolomite, 
sandstone, and shale. 

Except for a few dark shales and thin 
limestones, these pre-Pennsylvanian sedi· 
ments are light-colored, widespread, uni­
form beds interpreted as shallow-shelf de· 
posits. This group of beds has a maximum 
thickness of approximately 5,000 feet in 
areas where the total thickness of the sedj­
mentary sequence is more than 20,000 
feet. 

PEN NS YLVANIAN -PERMIAN SEQ UENCE 

More than 70 percent of the deposi ts 
in the area are of Pennsylvanian-Permian 

age. The Pennsylvanian deposits were laid 
down ",hile the major structures were 
formin g and the local basins were deep­
ening, and the overlying Permian deposits 
were largely formed after the principal 
structural growth (fig. 47) _ The Pennsyl­
vanian deposi ts have frequen t lateral and 
vertical facies changes which make cor· 
relations diffi cult over distances in some 
places of less than a mile. As an example, 
one lime-stratigraphic unit, such as the 
Strawn series, will be found to be 100 per­
cent granite wash near I-he flanks of Ihe 
major upJifis. This facies a short distance 
away from the uplift changes to shale, 

Contour interval 500 (eel 

Fu;. 47. Thickness of Pennsylvanian sediments. 
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~Irkose, and sandstone. Limestones, ~ha lcs, 
and sandstones, more typically marine, oc· 
cur basinwurd from the uplifts and a~­
sociated clastic debris. This same pattern 
generally holds true for all younger Penn· 
sylvanian heds. Fa~ies changes in the early 
Permian are similar but less abrupt . 

By Permian t ime the deep !'.tructural 
hasins and channels were filled . The basins 
we.re slowly subsiding, deposition was 
more gradual, alld the depth of water had 
decreased con~iderahly. By late Permian 
lime the loca l basins wac entirely filled, 
and the uppermost beds consist of evapo­
ritic dolomite, anhydrite, and salt with 

interbedded Ted and green shales (fig. 48) . 
The Pennsylvanian-Permian suhdivi­

sian has been divided into six units fo;' 
purposes of discussion: (1) Morrow ad 
Atoka/Bend series, (2) Strawn/Des 
Moines series, ( :~) Canyon/Missouri 
series, (4.) CiscojVirgil series, (5) Wolf· 
camp series, and (6) post.Wolfcamp 
Permian. 

Morrow and Atoka/ Bend series.-Thc 
earliest identified Pennsylvanian deposit!> 
are of Morrow and Atoka age in the north­
ern Panhandle and Atoka/Bend age ill the 
southern Panhandle. During Lhe time these 
beds were heing deposited, po;;iti vc areas 

SCALI:: 
o""'I"""'IWiI"'''IOOi\O~_iiii2~O """"""""",,~4~O __ ;;;;ez'!0~_. ~J?~' I.! !. 

Fit: . 4R. SlrHctnre cn"t ,,,,,: m np , b"., e of San Antll"~s (Blaine J (onll at iQH. 
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were nSlIlg and the basins were slowly 
subsiding. In the Anadarko basin the first 
granite washes w(,re deposited in deep 
h'ater Ilcar the flank of the Amarillo Moun· 
tain uplift and graded northward to shales 
and thin sandstones of the stable Kansas 
!';helf area on Ih4" north flank of the basin. 
These shales and sandstones ei th<:'r were 

\r 
transported around the flank or were de· 
rived from sources farther north and west. 
The Palo Duro basin was shallower wilh 
more gently sloping Aanks and was farther 
removed from the clastic source. As a 
result, the gran ite wash deposits in Ihis 
basin are much more widespread and 
hetter sorted. Also dUJ·ing this period the 
Dalhart basin near the Ol{lham nose and 
the Amarillo Mountains was more or Jess 
a clastic sink, and deposits had lillIe op· 
portunity to be sorted and reworked . Ncar 
the end of this period considerable lime­
stone was deposited on the Kansas shelf 
area on Ihe northern Rank of the Ana· 
darko hasin, and similar deposits extended 
ac.ross the shallow center portion of the 
Palo Duro basin. 

Strawn/Des Moines series.-In early, 
Strawn/Des Moines time the greate~t 
amount of clastic material was deposited. 
These deposits in the Dalhart PaJo Duro, 
and southern part of the Anadarko basins 
consist predominantly of granite wash and 
arkose with minor amounts of interbedded 
shales and dark , deep-water limestones. 
The north flank of the Anadarko basi n was 
the only area of the Panhandle during this 
t'ime that remained free of the coarse 
clastics, and, instead, shelf limestones, thin 
d ean har sands, alld gray marine shales 
were deposited. 

By upper Strawn time the local uplifls 
were largely reduced and the flood of 
coarse clastics abated. Widespread organic 
limestone was deposited in the center por· 
tion of the basins. These limestones were 
biostromal with the thickest occurring in a 
zone around the flanks of the Palo Duro 
basin where condition'S were most favor­
able to organic growth. In the center por· 
tion of this basin, the limestones were 
darker colored, thinner, and less organic. 

III the Dalhart basin the limestones de· 
veloped as a discontinuous marginal de· 
posit far removed from clastic sources. 
Near the Oldham nose and the Sierra 
Grande uplift Oll the west, and near the 
Amarillo Mountains on tbe south and east, 
a considerable amount of clastic material 
was still being deposited . In the Anadarko 
basin the deposition of the limestones was 
restricted to the north flank far from the 
immediate Amarillo Mountain clastic 
source. 

Ca.ll/yon/lIhssou.ri serics.-The carbon· 
ate shelves which were developing at the 
close of Strawn lime continued to develop 
during Canyon time. The center portions 
of the basins appear to have remained 
deep: and very little mid·basinal limestone 
was deposited. Marine life was prolific and 
a massive limestone sequence was de· 
posited along the north, east, and west 
flanks of the Palo Duro basin. In the Dal· 
harl basin the shelf area hroadened after 
Strawn time but clastics still dominated 
near the> old source areas. This was also 
true for the Anadarko basin. 

A very small amount of fine clastic rna· 
terial-shale, siltstone, and fine-grained 
sandstone-was deposited in the center of 
the hasins during Canyon time (see Adams 
et al., 1951). In the Palo Duro basin, shelf 
limestone development blocked the inOux 
of clastic material from the basin periph­
ery, and most of it was trapped in the 
back shelf area and deposited in local 
structural lows. In the Al1adarko basin, a 
large amount of fine clastic material con­
tinued to come into the basin from the 
north , west, and east. For short periods 
during Canyon time, these shales and sand· 
stones were deposited on the Kansas shelf 
area and restricted the development of 
organic shelf limestone. Throughout this 
period of time the center of the Anadarko 
basin was deep, and there were more 
clastics heing deposited in this area than 
in the Palo Duro basin, which was in a 
sheltered position between the Anadarko 
basin to the north and Midland basin to 
the south. 

Gsco/Virgil series.-In early Cisco/ 
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Vir~il timl' thr depo_~iliol1 remained dr­
tually tJl(> ~amc as (hlTin t' Canyon tim('. By 
late Cisco tim~. the finer clastic material 
whi(:h was slowly filling the surroundi/l~ 
hasins f('at:hed the Palo Duro ba~in and 
prevented further development of organic 
~Jltlf limt'slOl1e. Cray marin(' "hale5 and 
lhin fine· 1.0 medium·grained ~ray "and· 
~tones Wi're wid('ly deJlo~ited throughout 
all thr('{' basin:,. 

The Anadarko and Dalhart basinf< \\'('re 
filled earlier thlln thi' Palo Duro basin . By 
middle Cisco timl'. ~hallo\\" lI'atl'r ~alld· 
stones_ thill /i)nf;!5tOIlCS. and thick gray 
marine shlllt'~ cxlE'ndl'd 0\,(>1" most of the 
Anadarko ba;;.ill and all of the Dalhart 
basin. The Palo Duro basin was filled m-ar 
thr end of Pt'llnsyh-allian time. rollowill~ 
the filling of the basin .~. a thill shallow· 
walrr biostromal lim('slollc was devrlopcd 
c1i~colltinllollsly tbroughout the area~. 

The basins "'ere f,lled either duriug: a 
"tahlt, period of hasin oe\e1opment duril11!' 
\,hieh the clastic flood \\'a~ abk to catch up 
\I'ith hn~inal gro\rth, or by an abllormal 
amount of clastics poured inlo the area 
near the end of the Penn:3vlvanian. 

Trol/camp series ,-Th~ basin~ again 
deepelled during lale Ciseo/Virgil or early 
\Volfcamp limf'. During Wolfeamp liml' 
maril)(~ facies developed which were simi· 
lar [0 I hose of l~pper Pennsylvanian age. 
Throughout mo.:;! of Wolfcamp tim~' car· 
honate- shrIves \\'1'1'1' developed around thl~ 
flanks of the ba~ins and extended 0\'1'1' 

most oJ thl' old stfllc:t1Jl'al uplift areas. 
Marine shales alld "alldstones wrre d(~­

posited in the center portions of the basins. 
By lhc ('lid of Wolfcamp time the entire 
Panhalldle was a site of carbonate (Ie·posi. 
tion, lar.f!ely dolomite rather than lime­
~lone. This is indi<:ativc of restricted 

marine ('ondilions, and the. carbonate de· 
posits probahly \\'ere penccontempora. 
11(~()II:<ly dolomitil.p.d . 

Tll(" stratigraphie dpvc\opment of the 
P~nn~rkanian and early P(~rmian (krosi. 
'iolla' ~1'qut'nC(~ is best sho\\'11 in the central 
Palo Duro ba~in where structure i~ lea!'.t 
]Jl"Ominellt in the whole province and 
clastic sources ,,'ere far removed in all di­
rections. It is here that the roek unil:5 w('re 
deposited most ulliformly ill an tllldi~­
lurbed rllvironment Ihroughout most of 
the basinal cycle (PI. IV). 

Post.TJ!oZlcamp Permil1lL.-During the 
rl':H of Ihp Permian, restricted marine COil' 

dilion::. existed lhrou!!hollL the Panhandll'. 
Th(,. dolomites of \Volfcamp time h'en~ fol. 
lowed D!' the deposition of e\'aporites­
anhydritic dolomites, anhydrites, and !'alt 
of the Leonard and Cuadalupe series. 
Cla;;tics deposited in the Panhandle area 
during thi~ time arc predominantly ter­
rigcnous and consist of red and green 
shales and red :;nno"toll(:, During lTppcr 
Permian. some thin beds of dolomite \\'ef(~ 
deposited in le~l; restricted marine ('on, 
ditions, 

PUST·PERMIA:" SEQUEr-;C," 

B\' the end of Permian lime basin de· 
veloimlent ceased. Slight structural lUO\'e­
mellt Illa\, have continued nfter Ihis and, 
in facL J~ay be continuing today, bUl the 
continental mass \\'<15 uplifted regionally 
and 110 marine deposits younger than 
Permian are knowlI in the Panhandle area. 
The overlying dcposihi of Triassic, Tp_f' 
tiary, and Quaternary a2;t-~ arc predomi­
nantly shale and sandstone \\"ith ~ome 

thin -bedded, fresh-water lime.~tone!; and 
gypsum deposi t~. 
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Conjectured Middle Paleozoic. History 
of Central and West Texas7 

JAMES LEE WILSONs and O. P. MAJEWSKE9 

ABSTRACT 

Regional Siluro·Devonian faunal cor· 
relations between outcrops in the Llano 
uplift of Texas, the Arbuckle Mountains of 
Oklahoma, and the Trans·Pecos Texas­
southern New Mexico mountains are made 
with strata of the west Texas subsurface 
whose faunas have recently been studied. 
These correlations are based upon outcrop 
areas generally representing tectonic 
shelves with thin, incomplete, but fossilif· 
erous limestones as well as the thicker but 
less fossiliferous strata of marginal 
cratonic basins. 

.The major segments of middle Paleozoic 
strata in the southwestern states are: 

(1) A widespread thin pure carbonate 
~equence of Lower Silurian (Alexandrian) 
and lower Niagaran age. 

(2) A lithologically diverse and thicker 
unit of Middle and Upper Silurian 
(Niagaran) age represented by marls and 
thin limestones and in parts of west Texas 
and all of New Mexico by massive dolomi· 
tized platform-type carbonates. 

(3) An unconformity above the 
Silurian at the position occupied by the 
evaporites of the Michigan and New York 
basins. This is present also in the west 
Texas and Anadarko hasins. 

(4) A widespread unit of fossiliferous, 
generally limestone, strata of Lower 
Devonian through Onondagan age, thin in 
the Ozark, Arbuckle, and Llano uplift 
areas but as much as 1,100 feet thick in the 
west Texas basin. 

(5) A second major unconformity of 
late Middle Devonian age as widespread 
as the Siluro-Devonian one. 

(6) A widespread sheet of relatively 
thin argillaceous and siliceous deposits 
typical of the Devono·Mississippian black 
shales of the Mid·Continent. These Wood­
ford deposits grade westward into argil­
laceous limestones in New Mexico and west 
Texas. 

From isopach and subcrop maps of these 
major stratigraphic segments the presence 
of the Paleozoic Texas craton may be in· 
ferred. The Kerr and Fort Worth basins 
on its margins are apparently post· middle 
Paleozoic features. Silurian beds were 
more restricted than Devonian and are 
overlapped by the latter over the Texas 
craton and in the eastern Arbuckle Moun· 
tains. It may be conjectured that the 
faunal differences between west Texas and 
Hunton Silurian beds are in part caused 
by deposition in separate basins. The older 
Devonian of the Southwest is correlative 
eastward with the Appalachian section and 
the seas extended into the west Texas 
basin, where a thick section is preserved. 
However, Lower and lower Middle De· 
vonian is not present in New Mexico out· 
crops, and the seas probably did not extend 
this far west. The Woodford covered the 
the entire area after a Middle Devonian 
erosion period. 

INTRODUCTION 

Middle Paleozoic strata on and marginal 
to the North American craton are difficult 

'7 Puhliulion No~ 1~2. Shell Dnelopmcnl Compaoy, Explo­
t-aJion and PtodudioD Rt,earth Dh'i,io'Q, HousJoll. TI!XlIII. 

8 SeDior Ge010li&-t, Sh,dl Denlopmeol COQ\pauy. Hou.ilall.. 
~ Ct.01G,idt SbeU Deve.lopmeal Collllpany, HOUJtOb. 

to study because they occur in thin, 
scattered outcrops over the positive areas 
and are relatively inaccessible where more 
fully developed in the basins. Despite such 
difficulty, this paper attempts some tenta· 



66 Bureau 01 Economic Geology, Th.e University of Texas 

tive general conclusions, based on recent 
biostratigraphic studies in both subsurface 
and outcrop localities, ahout correlation 
and historical interpretation of these strata 
in the southwestern states. The main areas 
of interest are the west Texas subsurface 
basin, the outcrops in southern New 
Mexico and Trans·Pecos Texas, and the 
Llano uplift; also of importance are out­
crops in the Ouachita and Arbuckle Moun· 
tains of southern Oklahoma and the sub­
surface of the Anadarko basin. These areas 
encompass two types of depositional 
provinces: (l) ancient positive elements 
with fossiliferous shelly limestones but thin 
and interrupted sections and (2) basins 
marginal to the craton with thicker, less 
fossiliferous sections. For a complete un­
derstanding of regional history, it is im· 
portant that the geologic column in both 
types of provinces be considered. Recog­
nition of biostratigraphic units is generally 
possible in the fossiliferous beds of such 
areas as the Llano uplift and Ozark dome, 
hut evaluation of regional unconformities 
and recognition of widely persistent lithic 
units can be accomplished only when the 
stratigraphy and a degree of faunal zona-

tion have also been worked out in the 
basinal areas. 

The following main sources of informa­
tion were utilized in preparing this paper: 

(1) Study of cores from 33 wells in west 
Texas, with additional investigations by 
the writers of outcrops in New Mexico and 
Trans·Pecos Texas. 

(2) Recent papers by Thomas Amsden, 
of the Oklahoma Geological Survey, de­
scribing both fauna and stratigraphy of 
the Hunton group of the Arbuckle 
Mountains. 

(3) Studies of stratigraphy and shelly 
faunas of the Llano uplift Devonian rcm· 
nants made recently by P. E. Cloud, Jr., 
and V. E. Barnes, U. S. Geological Survey 
and Bureau of Economic Geology, 
respecti vely. 

(4) Conodont studies of the Devonian 
black shale by W. H. Hass, U. S. Geo· 
logical Survey; S. P. Ellison, The Uni· 
versity of Texas; K. J. Mii II er, Berlin 
Technical Institute; and R. W. Graves, The 
California Company. 

In this paper the paleontological work 
on the Silurian and Devonian of west 
Texas is that of O. P. Majewske, and the 
regional synthesis is by J. 1. Wilson. 
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The correlation chart (fig. 49) shows 
the age relations of the Silurian and 
Devonian in eight key areas. The middle 
Paleozoic beds include three major sc· 
quences of strata: The highest sequence 
consists of dark argillaceous beds of Upper 
Devonian tU age ; the middle is a Jow 
Middle and Lower Devonian sequence of 
carbonate and chert, separated by uncon­
formity from the overlying Upper 
Devonian and also from the underlying 
Silurian; and the lowest sequence, the 
Silurian, consists of two unequal parts­
the thick upper portion is referred to the 
widely recognized Niagaran of the Mid· 
Continent region , the thin persistent unit 
below is referred to the Alexandrian . 

Many fossils of value for correlat ion 
nnd used as a hasis of conclusions in this 
paper are mentioned in the sections which 
follow. However, only a limited number of 
the better specimens from outnops and 
cores in west Texas studied by Majewske 
are shown on Plates V and VI. The 
material shown is fairly representative of 
the Silurian and older Devonian, as indio 
cated in the plate explanations, but is not a 
complete representation of the fauna, 
which contains many corals and bryozoans 
not illustrated. 

ARBUCKLE MOUNTA!:-;S AND AI'i /\DARKO 

BASIN, HUNTON GROUP AND WOODFORD 

FOR?lJATJON 

Thanks to W. H. Hass (1956a) a well· 
systematized Late Devonian conodont se­
qllence is now known from the Woodford 
which may be correlated accurately with 
the Chattanooga shale of the Ozark Moun­
tains and western Tennessee. The Wood­
ford formation in the Arbuckle Mountains 
is predominantly varicolored chert inter­
strati fled with dark siliceous shale; it 
reaches a maximum thickness of 600 feet. 
The formation lies unconformably on the 

;0 Thl!' wrIte.j' me of Ih~ tC'.ms Upp l"r, Midd l~. and l..ow~,. 
De\'oninn is. lh::ll of Coopu ~t BI. (19.'2 ). In Iheir D e\' t)niiJn 
conciAlion chal'"t, unCf[uh-ocitl Lo,...u DC"onion cn(crl\p:::J Ss.t ~ 
Htld~l'bcrgi:lJ1 Ihrou,'lh O,jik~n~An bed!> 41f the N(' .... · York sec­
lic.r'I. 

Hunton group, mainly resting on its upper 
beds which are of Early Devonian age. 
These in turn consist of the Frisco forma· 
tion, a thin (40 feet, maximum) cherty 
fossiliferous limr.ston~ of Decrparkian age 
at the top, and the Bois d'Arc formation, a 
marl and calcarenite as much as 200 feet 
thi ck lying disconformably below. At least 
part of the Bois d'Arc in the Arbuckles is a 
facies of the Haragan shale (Amsden, 
1957, pp. 43-44 and fig. 4·). The faunas 
of the Bois d'Arc·Haragan units have been 
described and illustrated by Amsden and 
Boucot 0958 ) who confirm their e.stan· 
lished Helderbergian age. A faunal hiatus 
occurs within the Hunton group of the 
Arbuckle Mountains separating the Hara­
gan shales from the Silurian Henryhouse 
formation, an almost identical marly 
limestone and shale unit also as much as 
200 feet thick_ The Henryhouse fauna is 
correlated with the upper 1\ iagaran 
Brownsport formation of western Tennes· 
see (Amsden, 1951, pp. 70-71) and is also 
similar to that of the overlying Haragan . 
Both the Henryhouse and Haragan repre­
sent the same biofaeies, and the two faunas 
are probably not far removed in time. 
Nevertheless, the faullas may be clearly 
distinguished by detailed paleontology, 
and, although lithica\1y indistinct in a 
normal section, the unconformity between 
the Haragan and Henryhouse is important, 
for in places the entire Henryhouse forma· 
tion has been removed by pre-Devonian 
erosion (Amsden , 1957, p. 31). 

In addition to brachiopods, corals, 
trilobites, and bryozoans, the Henryhouse 
shale contains graptolites which have been 
identified by Decker (1935, 1936) with 
forms from the uppermost Silurian 
(Ludlovian) of the British Isles. 

The Chimneyhill formation lies diseon­
formably below the Henryhouse formation 
and consists of four members, in descend· 
ing order (Amsden, 1957) ; 

Clarita mcmber-a thin (30 lee! thick) wide­
spread cr inoid .. 1 limestone; 

Cochrane member-a glauconitic limestone 
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aboll! 60 feet thi ck (maximum ) a[ld sepa­
rated from the Clarita by an unconformi ty: 

KF.e1 member-an oolitic limestone 0 \0 15 
feel thick, at places divided into two oolil ~C 
~on"s by culcilutite: 

Ideal Quarry memher - hrown-weather ing. 
cherly calcarenite. 3 to 5 fe~l thick. discon· 
{ormably overlying the Ordo\'ician Sylvan 
:ohalc. 

The Clarita member i~ faunally and 
lithically cqu ivalent to the Niagaran St. 
Clair limestone of the Ozarks and part of 
the subsurface Fusselman of west Texas. 
The Cochrane, Keel , and Ideal Quarry 
members are equivalent to the Alexandrian 
Bra!;sfield, Edgewood, and Girardeau for­
mations of the Ozarks. 

In the Anad.nko basin the Hunton can ­
I\ot he separated conveniently into its 
Silurian and D(~vonian parts and is gen­
erally mapped as a moderately thick car­
bonate unit with a central marly portion 
(Haragan p!us Henryhouse). The unit 
ranges in thickness from less than 100 feet 
on the tectonically positive area on the 
north and east sides of the basin to per­
haps 900 Ieet along the southern dOWJ1-
'varped edge of the basin just north of the 
Wiehita-Criner Hills axis. 

The Lower Devonian portion of Lhe 
Hunton of Oklahoma is correlative to a 
group of carbonate and chert formations 
in western Tennessee, faunas from , .. hieh 
have been known since 1919 through work 
of C. O. Dunbar (1919). LOII'er Middle 
Devon ian beds occurring ahove Lower 
Devonian in other outcropping areas of 
the souLhwestern states arc not present in 
the Arb'uck!e Mour.:ains_ po~sibly indicat­
ing ex tensive truncatioll at the top of the 
HUllton group. 

LLANO UPLIFT SECTION OF 

CENTRAL TEXAS 

No Silurian is known to occur ill the 
Llano uplift (located at the southeastern 
edge of the Texas craton), but nltmerous 
remnants of Devonian units arc present. 
This area, in cOlltra~t to the Arbuckle 
Mountains and Anadarko basin , wa~ a 
more positive clement throughout middle 
Paleozoic time and contains a thinner, 

more interrupted section . The Devonian 
remnant formatiolls are generally fossilifer­
ous, light-colored carbonate rocks repre­
senting various biostratigraphic portions of 
the system. Most of the units are preserved 
in sink holes in the Ellenburger terrane, 
cithl'r as deposits or as collapsed remnants 
pn:served from later erosion. Stratigraphic 
and structural relations of the~e remnants 
are being worked out, mainly by Cloud, 
Barnes, and Hass, who have previously 
(1957) discussed these formations. Several 
periods of collapse and sink-hole deposi­
tion have occurred between the extensive 
pre-Devonian truncation of the Ellen­
hurger surface in this region and deposi­
lion of the Late Mississippian Barnett 
shale. 

The Upper Devonian of the Llallo uplift 
consists of a remnant of the black Wood· 
ford shale (Doublehorn shale) and 
conodont-hearing residual chert breccias. 
Only one of the breccias, the Zesch unit, 
which has rceelltly been equated with the 
older ·named 1 ves breccia, contains a shelly 
fauna. Brachiopods from the Zesch in one 
of the large sinks (Hear Springs in Mason 
County, western Llano uplift) prove its 
Late Devonian age_ Because of the work 
by Hass (in Cloud, Barnes, and Hass, 
19S7 ) , the lower Woodford-Chattanooga 
zones can be recognized in the Doublehorn 
shale_ 

Study is still proceeding on the lower 
Middle and Lower Devonian portions of 
the remnant formations. Cloud and Barnes 
have identified a lower Erian (Marcellus 
or Couvinian) fauna from the Bear Springs 
sink (Cloud, P. E., persona! communica­
tion , luly 1958), but this fauna is some' 
what younger than any other pre-Wood­
ford Devonian known in the SOllthwestern 
states and may actually prove upon further 
study Lo be of Onondagan age_ A recog­
nized Onondagall fauna has been found in 
the Wirtz Dam sink near Marble Falls on 
the eastern edge of the Llano uplift. This 
fauna is under study by Cloud, who at 
present believes that it correlates with the 
European Emsian ( uppf. r CobJeozian) 
(ClOUd et al., 1957, p. 808, and personal 
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PLATE V 

Silurian Fossils From Wells in Various Texas Counties 

FIGURtS-

1,2. Conocardium. sp., x4. Deptb 10,895 feet, Atlantic Refining Company No. 9·CE·C·l University, 
Andrews County. 
Figure 1. Right latera l vie\\'. 
Figure 2. Anterior view. 

3,4. Cyciospira/ProtozelLga sp., :1;4. Depth 10,820 feet , Gulf Oil Corporation No. 1 McElroy·State, 
Upton Counly. 
Figure 3. Pedicle exterior. 
Figure 4. Brachial extedor of a different specimen. 

5,6. Coelospira sp. , x4. Depth 12,110-12,115 feet, Humble Oil & ReCtnin/! Company No.1 Weave r, 
Dawson COllnty. 
Figure 5. Pedicle exterior. 
Figure 6. Brachial exterior of a different specimen. 

7. Triplesia sp., x4. Brachial vic 11'. Depth 10,870 feet, Atlantic Refining (ompany No. 9·CE-C. l 
University, Andrews County. 

8. Triplesia sp., x4. Pedicle viell'. Depth 9,501 feet , Wilshire Oil Company of Texas No. 34-911 
Jacobs Livestock Co. , Upton County. 

9. "Clorinda" sp., x4. Pedicle "ic\\' . Depth 10,BH feet, Gulf Oil Corporation No. 1 McElro)'·Stat ~, 
Upton County. 

10. Rhynchotreta sp., ,,4. PediclE' view of broken specimen. Depth 8,905 fe-ct. Magnolia Petroleum 
Company No . 25·E Walton, Winkler County. 

11. Brachymimulu.< sp., x4. Pedicle view of incomplete specimen. Depth 9,596 feet. Wilshire 0:1 
Company of Texas No . 34-98 Jacobs Li'-estock Co., Upton County. 

12. Plectatrypa sp., x4. Pedicle "iew. Depth 8,894 feet, Magnolia Petroleum Company No. 25-E 
Walton, Winkler County. 

13, 14. Dinobolu~ sp., xl. Depth l2,107 feet , Humhle Oil & Renning Company No.1 Well,'cr, Dawson 
Counly. 
Figure 13. Pedicle exterior. 
Figure 14. Cast of brachial in terior. 

15. Eospirijer sp., ,,2. Rubber cast of pedicle \'ah-e exterior. Depth 12,087 feet. Shell Oil Company 
No. 1 Clay, Dawson Coullty. 

16, 17. "Pentameroides" sp., >:2. Depth 11 ,891 feet, Un ion Oil Company of California No. 1·10 Culp. 
Cochran County. 

18.19. Proetus sp. , x4. Depth 10,810 feet. Gulf Oil Cnrporation No.1 McElroy.Slate, Upton County. 

20. Cheirurus sp., x2. Depth 12,109 feel , Humble Oil 8; Refin ing. Company No.1 Weaver, Da\\'soll 
County. 

21. Arcllnurus sp., x2. impression of fragmentary pygidium. Depth 12.109 feet, Humhle Oil & Rc· 
fining Company No.1 Wea\'er, Da\\'50n County. 

22-24. CQnchidium. spp .• ,,2. Pedicle t'iews. 
Figures 22, 24. Depth 10,554 feet, Atlantk Refining Company No. 9·CF;·C-l University, An· 

drews Counly. 
Figure 23. Depth 12,474 feet, Forest Oil Corporation-Monterey Oil Company No. 2·E Uni"ersity, 

Andrews County. 
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PLATE VI 

Devonian Fossils From Wells in Various Texas Counties 

FIGURES--
1. "Crytolites" sp., x2. Depth 10,486-10,488 feet, Buffalo Oil Company·Midstates Oil Company 

No. B·2 University, Andrews County. 

2,3. Lingulapholis sp., x4. Depth 10,796 feet, Shell Oil Company No. B·2 University, Andrews 
County. 
Figure 2. Pedicle exterior. 
Figure 3. Brachial interior. 

4, 5. Anoplia sp., x4. Depth 11,652-11,653 feet, Forest Oil Corporation·Cities Production Company 
No. 46·2 Fee, Midland County. 
Figure 4. Pedicle exterior. 
Figure 5. Brachial interior. 

6. Platyceras sp., x2. Side view of small exfoliated specimen. Depth 10,511-10,512 feet, Buaalo 
Oil Company·Midstates Oil Company No. B·2 University, Andrews COllnly. 

7,8. Leptocoelia sp., x2. Depth 10,201 feet, Texas Pacific Coal & Oil Company No. B·l Johnson, 
EC.lor County. 
Figure 7. Pedicle view. 
Figure 8. Brachial "iew of a different specimeJl. 

9. Delthrris sp., x2. Pedicle valve. Depth 10,135 feet, Texas Pacific Coal & Oil Company No. B·T 
Johnson, Ector County. 

10. Eodcvonaria sp., x4. Partially exfoliated pedicle valve. Depth 10,637 feet, Shell Oil Company 
No. B·2 University, Andrews County. 

11,12. Cenuonella sp., x4. Depth 11,656-11,657 feet, Forest Oil Corporation·Cities Production Com· 
pany No. 46·2 Fee, Midland County. 
Figure 11. Pedicle I'iew. 
Figure 12. Brachial view of a different specimen. 

13. Kozlowskiclla sp., x:2. Fragment of pedicle valve. Depth 1},032 feet, Shell Oil Company No. D·2 
University, Andrews County. 

14. Coslispirifer sp., xl. Pedicle vah·c. Depth 11,751-11,752 feet, Humble Oil & Refining Company 
No. B·l Methodist Home, Gaines County. 

15,17. Synphoroides sp. Fragments of frontal processes. Shell Oil Company No. B·2 Unh'ersity, 
Andrews County. 
Figure 15. 1<4. Depth 10,637 feeL 
Figure 17. :.:4. Depth 10,670 feet. 

16. Synpfloroide.s 5p., xl. Fragment of frontal processes. Depth 10,968 feet, Shell Oil Company 
No. E·g University, Adrews County. 
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correo.pondcnce, July 1958 ). Brachiopods 
arc also known from a still older remnant 
{ormation , the Stribling lighl-eolored lime­
stone and chert. The brachiopods date this 
remnant as low("r Onesquethawan, equiva­
lent to the Camden c1wrl of T ellnessee and 
the Schoharie formation of New York 
State. Most pre-Woodford units found in 
central Texas are youn ger than any 
Devonian knoKIl in the Hunton g roup. 
Although no Deerpark deposits (Frisco 
equivalent) . have been r ecognized in the 
Llano uplift remnants, a Helderberg fauna 
similar to that of the Haragan shale has 
b<:>en discovered from the Pjllar Bluff for­
malion (Barnes et al. , 194.7, p. 129) in 
oll e or two sink holes. 

With the exception of a 200-foot thick 
unit-whi ch has lil'hi(: character much like 
the Stribling of the Llano uplift-in the 
Rowsey No.2 Nowlin '~e\l in Kerr County 
( Rarnes. 1959_ cross section. PI. 1). no 
Devonia'n has J~een reported f~om th~ ~ub­
surface in the vicinity of the Llano uplift. 

WEST TEXAS SUnSUrlF.-ICE BASIN 

In the great basinal area of west Texas 
(Tobosa basin of Galley, 1958 ), a much 
more complete seclion of the Devonian 
and Silurian is present. The upper part of 
tJle sequence is the Woodford formation , 
whose black shale and cherty beds a.re 
typical of the basinal faci(~s of the [orma­
tion over all of the Southwest. The age of 
the Woodford shale ill west Texas as well 
as the Woodford and Chattanooga of Okla­
homa and eastern areas has been much 
debated, but correlations are lIOW fairly 
dear. Acco rding to Ellison (1950, p. 17), 
lhe Woodford has tbree members where 
it is fully developed in Winkler County 
(see also Jones, 1953 ) . The lower cherty 
member is apparen tly confined to Wrard 
and Winkler counties, and its exact lithic 
equivalent elsewhere is not knowlI. Pos· 
sibly i t is the lower part of the Cahallos 
novaculite and/or the chert V unit which 
forms the lower half oj the Canutillo for­
mation of Trans-Pecos Texas (Jones, 1953, 
chal't on p. 16). Ellison (1950 ) and EI-

lison and Wynll (1950) recognized g roups 
of conodont species that can now be related 
to the Chattanooga-Woodford conodont 
zones of Hass (1956a). The middle Wood· 
ford of Ellison is now known to (> neompass­
at lea~l zones l through HI and probably 
also the higher zones TV, V, and VI of 
Hass' section. The up!>!:'r part of th e we~l 
T exas Woodford is in all probability Mis­
sissippian by ana logy with the Woodford 
formation in Oklahoma. 

The area of greatest preserved Wood­
ford thickness probably coincides with II 

depos itionally Il egative a.rea near the 
cenler of the west Texas pre-Pennsylvanian 
basin and lies norlhwest of the area of 
maximum preserved older De\'onian (figs. 
50 and 51 ) . In th<: wcst Texas basin the 
\Voodford tests with un conform ity on a 
carbonate rock unit of older Devonian and 
Silurian age which generally has not been 
separa ted in previous stratigraphic studies 
of the arca. 

Sepal'ation of this exlensj,'e carbonate 
hody into Silurian and Devonian portions 
is f;cilitated through faunal identifications 
by O. P. Maj cwske reported here from the 
distinetive lithic units within the " Siluro­
Devonian" of 'Winkler, W ard, Ector, l'vlid· 
land , Crane, and 'pton counties (Jones, 
1953, p. 14). The Devonian portion of 
these units is as follow5 : 

Top----

Thickn ess 
in feet 

Liglll-eolored chert and limestone .. 200 
Fossiliferolls calearenitic limestone 450 
Da'rk chert and cherty limestone .. .. loo-aoo 
Dar'k shale with conodonts and 

SPOrC$ ......... .. ... .. . . 0-45 
Base. 

The youngest strata within this sequence 
are possibly lower Middle Devonian 
(Onondagan) based on the occurrence in 
a well in Upton County of a frontal margin 
of a trilobite, Odontocepfwlus, about 4,0 
Ieet below the Woodford and almost 900 
feel above the top of the Silurian silty 
limestone. Numerous wells in the counties 
mentioned abo ve contain brachiopods and 
trilobites (fig. 52) from the upper two 
Devonian carbonate units listed above, jn· 
dic.ating a lute Early Devonian age for the 
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strata. This may be prol'ed for a~ mudl as 
300 feet of strata in Andrews, Midland,. 
and Ector counties. The fauna includes the 
brachiopods Etymolhyris, Ce1!lronella, 
Leptocoeli.a., and A nO/Jlia and the phacopid 
trilobite Synphoroides and may range 
from Oriskany (Decll)ark ) to Schoharie 
(Onesquethaw) age. These strata encom­
pass in age both the Frisco of Oklahoma 
and the Stribling o( the Llano uplift. A 
distinctly Oriskany fauna with Cos/,ispin:/er 
is known from thin Devonian bioclastic 
limestone immediately under the Wood­
ford as far north as Gaines County. El­
lison's (1950, p. 14) Upper Devonian age 
assigmenl (or the 90 feel of earhonate rock 
beneath the Woodford shale in Andrews 
County is based on linguloid bmchiopods 
and does not appear to be compatible with 
the ages determined from the fossils re­
ported here. The lower dark cheny member 
present in the southern Midland basin lies 
below these faunas and may be of Helder­
bergian age, but no fos.c;ils are known to 
prove this. Helderbergian fossils a few feet 
below the Woodford in a wel! in Andrews 
County are reported by Stainbrook (in 
Jones. 1953, p. 14) and have also been 
recovered by the writers from another 
southern Andrews County well beneath 
strata correlated lithologi~ally wilh beds 
in a nearby well containing Deerpark 
fossil5. 

In the west Texas basin, Devonian 
strata beneath the Woodford and above 
the Silurian silly limestone (discussed 
below) are therefore knowll to range 
through the Lower Devonian to the lower 
Middle Devonian. These strata have not 
yet beell given a formal name; it is not the 
intent of this paper to do so but only to 
point out their importance 85 a distinct 
unit from the underlying Silurian and to 
recommend that they be given a name by 
persons more familiar with their delailed 
lithology and distribution. 

Devonian strata rest disconformably on 
a thick Middle Silurian section_ ln the 
southern part of the west Texas basin a 
Iilhic boundary between the Devonian and 
Silurian is recognizabJe at a change from 

the dark cherty carbollates of the Devonian 
downward through a thin dark shale 
(Del'oninll) to dark gray and gray-green 
shales (Silurian) or, more commonly, 5ihy 
and argillaceous limestones. Decker 
(1952) recognized Ludlovian (Henry­
house) graptolites, the Jl!Jonograplll.5 
vomerinus fauna, from Silurian shales in 
wells in Crrule County, and Monograptus 
fragments have also been recognized by 
the writers from a well ill Upton Coullty_ 
More abundant faunas including brachio­
pods, torals, ostracodes, trilobites: and 
pelecypods are known from the Silurian 
carbonate rocks in the northern part of the 
west Texas basin, and these indicate 
~iagaran age (fig. 53) _ No zonation 
within this Middle Silurian has been 
possible. 

Below the Silurian clastics in the south­
ern part of the west Texas basin occurs a 
well-defined carbonate unit, generally 
t ailed by petroleum geologists the sub­
surface Fusselman. In parts of the basin 
this unit contains the same lithic subdivi­
siOllsin the same order as the Chimneyhill 
of Oklahoma, namely, a lower oolitic bed, 
a middle glauconitic limestone, and an 
upper pink crinoidal unit (Lexicon Com­
mittee, 1958, p. 53). Our faunas from the 
subsurface Fusselman are insufficient to 
demonstrate conclusively either N ia ga ran 
or Ale~"andrian age. Two wells in Upton 
County contain small brachiopods and 
proetid trilobites immediately above the 
basal oolitic strata. The brachiopods sug­
gest correlation with the Lower Silurian 
Girardeau and Edgewood formations of 
Missouri, but more and belter material is 
needed to verify this_ 

The outcrop Fusselman formatiO)l in 
Trans-Pecos Texas (type area in the 
Franklin Mountains) is a dolomite unit 
almost 1:000 feet thick. It has yielded 
fossils adequate for correlation only in il.s 
topmost beds in the Hueco Mountains. 
They include TP ilson ella, Slegerhyncus. 
TV hitfieldella, Calymene, and lllaenlls. 
demonstrating a Middle Silurian age for 
these beds. Sections near the base of the 
Fusselman formation in the Franklin and 
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Hueco Mountains contain large costatc 
pentamerid brachiopods which indicate a 
questionable Early Silurian age for the 
strata, and Pray (1953, pp. 1913-1916) 
reported an Early Silurian age for the 
basal remnant of the deeply eroded Fussel­
man in the Sacramento Mountains. 

NEW MEXICO AND WEST TEXAS AREA 

OF UPPER. DEVONIAN OUTCROPS 

Overlying the Silurian in Trans-Pecos 
Texas and in New Mexico is an extensive 
Late Devonian faunal sequence. None of 
the west Texas typical carbonate Devonian 
of Onondagan and older age is present in 
these western outcrop areas. Instead, dark 
argillaceous sections with some siltstones 
and nodular limestone are present. The 
faunal relations of these strata have been 
worked out over a period of some years by 
Stevenson (1945), Cooper (1954), Stain­
brook (1947, 1948), Miller and Collinson 
(1951), and Flower (1958). The faunas 
range from very latest Devonian down 
through the Chemung or Finger Lakes 
stage (Frasnian). Enough is already 
known of these faunas to assure their cor­
relation with widely scattered units of the 
western Devonian faunal province, such 
as the Independence shale and Cedar 
Valley limestone of Iowa, and the exten· 
sive Canadian Rocky Mountain Devonian 
section. An important correlation between 
conodont and brachiopod faunas is pos­
sible between the Upper Devonian Sly Gap 
formation of New Mexico and the Inde· 
pendence shale; the former contains nu­
merous Independence brachiopods (Stain­
brook, 1935, 1948). The conodonts from 
the Independence shale, described by 
Miiller and MUller (1947, p. 1099), are 
found in Hass' conodont zone II. In ad· 
dition, Miiller has identified a key cono­
dont species of Hass' zone I (Polygnathus 
linguiformis) in the middle of the type 
Canutillo formation just above the lower 
cherty member. Conodonts from the top 
beds of the lower cherty member are lower 
Upper Devonian, according to S. P. El­
lison (personal communication) equivalent 

to Rhinestreet and Geneseo faunas. The 
black shale in the upper part of the Canu· 
tillo is at present considered the Ready Pay 
equivalent, a western and southern facies of 
the calcareous Sly Gap shale. The Ready 
Pay 7 miles west of Hillsboro on New 
Mexico Highway 180 contains a few 
brachiopods of Frasnian age. It thus ap­
pears that the total New Mexico and Trans­
Pecos Texas Devonian section is equivalent 
to the Woodford of the west Texas basin_ 

OUACHITA-MARATHON FOLDED BELT 

DEPOSITS 

Although they are separated by many 
hundreds of miles along the sinuous strike 
of the Ouachita·Marathon foldbelt, the 
Caballos formation of west Texas and the 
Arkansas novaculite of Oklahoma and 
Arkansas are almost identical units. These 
units consist generally of cherts and some 
interbedded varicolored shales and the 
peculiar siliceous rock, novaculite. The 
upper parts of both the Caballos and the 
Arkansas novaculite contain conodonts of 
Hass' zone Ill. In addition , the Arkansas 
novaculite contains practically the com­
plete sequence of Chattanooga shale cono­
dont zones ranging from II in the middle of 
the middle member up through zones III 
and VI in the upper part of the middle 
member (Hass, 1956b, p. 28). Thus, on 
the basis of conodonts, these units are also 
fairly well correlated with the Woodford 
of the Arbuckle Mountains. Graves (1952, 
p. 610) also has described Woodford 
conodonts of Hass' zone III (Palmatolepis 
perlobata and P. subperLobaJ-a) from the 
middle of the Caballos formation. 

In both the Caballos and Arkansas 
novaculite a lower novaculite member oc­
curs disconformably below the rest of the 
formation. The lower unit has long been 
conjectured to be equivalent to the Cam­
den chert of Tennessee (One-squethawan 
stage) and to be the only representation in 
the Ouachita-Marathon geosyncline of the 
widespread lower Middle and Lower 
Devonian unit of the basins lying to the 
north of the geosyncline. 
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Recently Hass (l956b, p. 27) reported 
that G. A. Cooper reviewed an identific~­
tion by Schuchert (Honess, 1923, p_ 117) 
hased on a specimen of supposed Lepto· 
coelia flabellites , a Camden fossil identified 
from the top of the lower novaculite of 
southeast Oklahoma (Pint':top chert), and 
concluded that its preservation did not 
warrant an accurate identification_ The 
correlation of the lower novaculite and 
lower Caballos units with the Oncsquetha­
wan stage still rests mainly on their lithic 
similarity to the Camden and their un­
conformable stratigraphic contact with 
Woodford or Woodford equivalent beds 
above_ In the Marathon region the discon­
formahle nature of the lower Cahallos 
unit was first recognized by King (l9~7. 
p. 52) _ Berry and Nielson (1958) have 
recently demonstrated that it is morp. 
rc., trictcd in its distribution than the upper 
Cahallos and is overlapped by the upper 
member. Another possible correlation is 
noted here (fig. 49) : The lower Caballos 
unit could actually· be equivalent to the 
lower part of the Canutillo chert of the 
Trans-Pecos Texas outcrops and the lower 
cherty member of the Woodford identified 
by Ellison. 

In the Marathon foldbelt there is no 
known Si lurian; the Caballos lower novac­
ulite member rests on uppermost Ordo· 
vician graptolite-hearing siliceous ann 
argillaceous beds of the Maravillas forma­
tioll. However, in the Ouachita Mountains 
a more complex situation exists. The lower 
part of the Arkansas novaculite (Pinetop 
chert) in Oklahoma and in large section,; 
of Arkansas apparently rests conformably 
on a reddish shale unit. long known as the 
Missouri Mountain formation. Hendricks 
et a\. (l~'t7) state that this boundary is 

gradational . A general statement also indi­
cates that fossil fragments from the Mis­
souri Mountain in southeastern Oklahoma 
are Silurian in age, but the faunal evidence 
given is far from conclusive. The Mi550uri 
Mountain wa~ equated many years ago 
with the reddish beds in the Middle Si­
lurian of western Tennessee (Miser and 
Purdue, 1929, p. 1\·9) , and the Silurian age 
of the fonnation bas become established in 
the literature genp.rally from one writ(~r's 
repeating another. However, the Missouri 
Mountain rests with distinct unconformity 
on the Blaylock sandstone and ovp.r1aps 
the Blaylock northward to rest on Polk 
Creek shale (Ordovician). The Blaylock 
is a massive unit, 1,000 feel thick, of prov­
able Silurian age in the southernmost in­
terior part of the Ouachita geosyncline_ 
Somewhere within the Blaylock, it s exact 
position apparently not known, a Lower 
Silurian graptolite launa was di scovered 
many years ago (Miser and Purdue, 1929, 
p. 45). The Blaylock is probably both Low­
er and Middle Silurian in age, and the un­
conformable Missouri Mountain unit above 
it is probably equivalent to the Helder­
bergian Haragan shale unit of the neaTby 
Arbuckle Mountains_ Proof of th is rela­
tionship is not now possible through faunal 
Iwidence but only through regional strati· 
graphic consideration. Red beds at this 
middle Paleozoic interval are certainly not 
restricted 10 the Silurian portion of the 
Hunton in the Arbuckle Mountains (Ams­
den, J957, p. 26). The reddish Missouri 
Mountain argillites lllay be traced in lhe 
subsurface southward along the Ouachita 
helt to Bell County, Texas, between the 
Devonian nova culi te and Maravillas black 
graptolit ic strata. 



SUBDIVISIONS OF THE :MIDDLE PALEOZOIC RECORD 

FoUl' major strati graphic sequences ill 
the Silurian aJld Devonian of the South· 
we.<; t are demonstrated ill figure 49. 

Alexandrian ((lid lou;er Niagaru/I..-The 
lowest of the impOrlmll biostratigraphic 
horizons is of Alexandrian and lower 
i\iagaran age. This includes the Low!'r 
Silurian recognized by Pray (1953) ill 
~oul·henl New Mex ico the Fusselman lime· 
!'-Ione of the west Texas subsurface, the 
Chimne\'hill Ulli(s of the A rbuckles. and 
the St.· Clair·Bl'a!'sficld-Edgewood-Girar. 
clean of the Ozarks. These thin, pure 
carbonate deposits apparentl y represent. n 
widesprC'ad Early· Silnrian sea and are 
preserved even in some persistently posi . 
tive areas snch as the Ozark dome and tbe 
northwestern rim of the wcst Texas basin. 
The lithic conlinuity of the "pink crinoi­
dal" or lower _ iiagaran portion of this 
sequence is amazing in vic \\' of its IhilJne~s. 
A disconformity separates ll)e Alexandrian 
from the Niagaran portion of this unit jn 
the Arbuckles, but the Lower·Middle Si· 
lurian beds are probably gradational in 
west Texas. 

Niagaran.-The N iagaran is the next 
major stratigraphic unit and, unlike the 
t·hill uniform Lower Silurian carbonate 
strata, includes a vari ety of well-differenti­
ated facies rallging from fossiliferous marls 
of the Henryhouse-Brownsport formations 
to dark graptolitic shales-the "Middle 
Silurian clastics" of west Texas subsurface 
-10 the thick Niagaran dolomites of the 
type Fusselman of Trans-Pecos T exas and 
southern New Mexico. The Niagaran for­
mations are generally thicker than those of 
Alexandrian age and approach 1,500 feet . 
in the subsurface of New Mexico. It is in­
teresting that in general fossils from the 
Niagaran beds of the west Texas basin are 
unlike those of the Henryhouse and Chim­
neyhill formations of the Hun ton group in 
the Arbuckle Mountains. Only two species 
of Leptaen.a and one of Coelospira. (both 
long-ranging genera) are known in com­
mon with the Henryhouse fauna. None of 

the fo~sj]s from the writers' collection at 
the top of the Fusselman in t·he Hueco 
Mountains are like those from Oklahoma. 
Of all the fossils recovered from the Fussel· 
man cores. those that also occur in the 
Chimneyhill arc species of the trilohite 
genera BumaSillS and lllaenus, a single 
spccit's of bryozoan , and a species of the 
hrachiopod Triplesia.. Better collectio)lS 
from west Texas are needed to indicate 
whether nr not the Alexandrian faunas are 
different from those of OklahoI:11a. It is an 
open question whether any direct connec· 
tion existed between the west Texas Ni· 
agaran sea and the Middle Silurian waters 
of the Mid-Continent, either through t·he 
Ouachita · Marathon geosyncline or across 
the Texas craton. Different Middle Silurian 
faunas in the two areas may be explained 
by deposition in lwo separated basi ns. An 
alternative possibility is that the different 
lithofacies of the higher Niagaran in the 
two areas account for the faullal difference. 

An unconformity above the l\1"iaga ran 
exists in the SOllthwest at the position oc, 
cupied by the evaporites found iu hasins 
fal·ther north (New York, Michigan, AI· 
berta ) . In place of the evaporites there is 
evidence of truncation of the Silurian be· 
neath the Lower Devonian in lhe Arbuckles 
(Amsden, in Amsden and Boncot, 1958, p . 
16) . Tn west Texas there is a distinct shift 
in the deposilional centers as well as in the 
post. depositional down warping areas (/ig. 
50) be tween Silurian and Lower Devonian 
time. This unconformity must represe.llt a 
considerable period of tectonic activity for 
it is present in some negative areas as well 
as in crat:onic localities. Thus, subsurface 
well-to· well correlations suggest that t.he 
Hunton group of the Anadarko basin con­
tains the Siluro·Devonian unconformity 
(Wheeler, 194,7) just as does the Arbuckle 
Mountain section. Log correlation in the 
west Texas basin across Midland Counly 
and 110rthward shows an unconformity be· 
tween thel'vIiddle Silurian clastics and the 
overlying cherty beds generally assigned to 
the Devonian. Despite this stratigraphic 
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evidence, the age relation of the uneoll­
ionnity is hard to evaluate, since the Hel­
derbergian fossils found by the wri tel'S and 
those reported by Stainbrook (in Jones, 
1953) are from Andrc-'ws County, where 
the Siluro·Devonian lithologic contact is 
harder to determine. The time represented 
by this unconformity may he slight. There 
is actually not a \'ery good standard faunal 
sequence upon which to evaluate the un· 
conformity. Shelly faUlla~ of post. Niagaran 
Silurian age are not very well knolVn in 
North America, and the graptolite faunas 
of the upper Niagaran of Oklahoma and 
west T (>x as show identity with Ihe lower 
Upper Silurian (Ludlovian) graptolites of 
Britain. 

Above the Siluro-Devonian unconfonn­
ity there appeal' widcly distributed but 
thin and rather sporadic deposits of Hel­
derberg (Lower Devonian) age which do 
not form a very well-defined stratigraphic 
unit (Lindc:n group, Haragan-Bois d'Arc, 
Pillar Bluff, and Lower Devollian shaly 
heds of the west Texas basin). The Mis­
l> oul'j Mountain shale-slate formation of the 
Ouachita geosyncline may well be a part 
of this unit. 

On:skany to Onondagan.-Ol'erlying the 
Helderbergian is an extellsive carbonate 
unit light colored and highiy cherty, 
rangin g in age from Oriskany to Onon­
dagan. BioSlratigraphi<.:ally, the middle 
portion of this unit consists of Onesque· 
thawan bed, represented in the Camden 
of Tennessee and the Stribling of the Llano 
uplilt by the same (auna and by the sa.me 
unusual lithology of novaculite and white 
<:h(' lt. The Camden and Stribling are pos­
sibly equiva.lent to the lower novaculite 
of the Arkansas and Caballos formations 
in the Ouachita-Marathon belt. Beds of 
post-Helderbergian through Onondagan 
ages are generally thin in eastern areas and 
only remnants occur in lhe Llano uplifl, 
but they are thickest in west Texas where 

about L100 feet oJ Lower and lower Mid­
dle Devonian has been measured in the 
southern Midland hasin. The top of this 
sequence ill west Texas is probably 01l0n­
dagan, and beds this young are known 
wilh certainly ill the Llano uplift. Prob­
ably post·Oriskan y parts of this seqllence 
have bet'll eroded from the Arbuckles. 

There is also an important regional lIn­
conformity betwecn the sequen ce just 
de~crilml and the base of the Woodford or 
its equivalenl. Most, if not all, of the Erian 
is absent i\'\ the Southwest. This time in­
cludes the Hamiltolt group of the New 
York section alld 811 extensive body of 
sedimentary rocks of Givetian a!!c (Stril!g' 
oeep/wilis be,os) in the Williston and AI· 
bt'rta basi ns. Although the general ar('us 
of deposition of the Woodford are abou t 
the same as those of the older Devonian: 
pre-Woodford truncation is known to have 
occurred both in ,,'est Texas and in Okla­
homa: and the areas of thickest prese rved 
Woodford s trata are slightly different 
from those of pre-Woodford Devonian in 
both basins. 

II? uodjord·LfJ,le Devonian.-The ove r­
lying Woodford·Late Devonian sequence 
is pa rl of the widespread blanket black 
shales of the Mid·Continent and north ­
western _tutes and repre::ents the lasl major 
::egmenl' of strata considered herein. The 
unit has a maximum thickness of about 
600 feet, in both west Texas and Ihe Ana­
darko-Arbuckle region of Oklahoma. 
Across Texas from soulheast to northwest 
it is represented by several facies : (1) 
siliceous varicolored shale, chert and 
novaculite in the Ouachita-Marathon belt, 
containing only conodonts and petrified 
wood ; (2) conodont- and spore-bearing 
black shale in the Woodford of the ,,'est 
Texas and Anadarko hasins ; and (3) 
calcareous shales and nodular limestones 
interbedded with dark shales farther west 
in New Mexico strata. 



CONJECTURES ABOUT MIDDLE PALEOZOIC TECTONISM 

AND PALEOGEOGRAPHY 

Even though generaJized, the subcrop, 
outcrop, and isopac.h patterns plotted on 
figures 50, 51, and 53 make possible sev­
eral tectonic interpretations, advanced 
here for further consideration. 

(1) The distribution of the eroded rem­
nants of the middle Paleozoic deposits 
( figs. 50 and 51) outlines very clearly the 
area of the Texas arch of Adams 11955, 
p. 238) [equals Concho arch of M. G. 
Cheney (Galley, 1958, pp. 400, 401) 1. 
This has been described by F1awn (1953, 
p. 900) as an ancient Precambrian feature , 
termed the Texas craton. The absence of 
middle Paleozoic beds in the Fort Worth 
basin and their restricted occurrence in 
the Kerr basin suggest that the Anadarko 
and west Texas basins surrounding the 
Texas craton are much older features than 
the Midland , Kerr (?), and Fort Worth 
basins, which did not begin to subside 
strongly until late Paleo:wic orogeny com­
menced. The numerous thin remnants of 
pre· Woodford carbonates scattered over 
such great distances across the Llano up­
lift could only have been preserved from a 
section made up of several rather thin for­
mations of varying geologic ages and sep· 
arated bv numerous disconformities. The 
fact thal'Late Devonian and Mississi ppian 
"ocks are also preserved in the Llano up· 
lift sink holes must mean that the Llano 
area stood as a tectonically positive ele­
ment for the greater portion of middle 
Paleozoic. time. The writers conjecture that 
thin carbonate strata of middle Paleozoic 
age ,vere probably deposited in both the 
Kerr and Fort Worth basins (as on the 
Llano upljft). 

(2) The above generalization may not 
he correct for the Kerr hasin. A 200·fool 
thick limestone of post-Ellenburger age 
has recently been fonnd by V. E. Barnes 
in Kerr County (1959, PI. 1). While con­
ceivably this may be older Paleozoic 
(Simpson? ), lithologically it most resem· 
hIes the Devonian of t]le Llano uplift. 

Coupled with the wide distribution of De· 
vonian remnants in the Llano uplift, this 
may indicate that farther south a yet 
thicker Devonian section exists in the Kerr 
basin. So far as the writers know, no other 
evidence exists of middle Pa.leozoic depo· 
sition in the Kerr basin. 

(3) An interesting restriction of the Si­
lurian is observed. This may be explained 
either by extensive pre· Devonian erosion 
or by a more limited area of deposition for 
the Silurian (or both). In the Ouachita 
geosyncline the Silurian is restricted to the 
thick Blaylock sandstone of the interior 
orogenic belt (southeastern Ouachitas), if 
one accepts the Missouri Mountain forma­
tion as being of Devonian age. This is in 
accord with the absence of the Silurian 
under Lower Devonian in the extreme 
eastern Arbuckle Mountains and places the 
area of no Silurian in the Arbuckles next 
to a wide area of no Silurian in the north 
and northwestern part of the Ouachitas. 
Apparently the Silurian is widespread in 
the Anadarko basin and is nowhere over· 
lapped by the Devonian. Neither in west 
Texas is therc overlapping by the older 
Devonia.n on the Silurian along the pres­
ently preserved lim.its of tll.e Siluria.n. How· 
ever, the map (fig. 50) suggests that on 
the east side of the west Texas basin over· 
lapping did occur hut pre.Woodford ero' 
sion stripped back the older Devonian, 
leaving only a few patches such as those 
found in the Llano uplift. Thus, the Silu­
rian is presumed to be missing over the 
Texas craton and along the buried Oua· 
chita trough at least as IaT south as Wil· 
liamson County-the sOlltht'nl limit of 
recognizable Ouachita pre-Mis8i5sippian 
sediments. The Marathon ,eclion is ve.ry 
similar to the Ouach ita section, and nO 

Silurian is to be expected in the presently 
exposed foldbelt of the Marathon Basin 
which is comparable in facies position Lo 
the outenno"t (northwestern) part of the 
Ouachita foldbelt. II this geographic reo 
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s.tnctJOn of the Silurian truly reflects ils 
depositional areas. all explanation is of­
fered for faunal differences already cited 
between the west Texas and Hunton Silu­
rian strata. 

(4) There is evidence of considerable 
truncation in pre-Devonian time. Some 
areas in which Early Devonian overlaps 
the Silurian ha~-e been mentioned DOlh in 
the Arbuckles lind in west Texas_ Log cor­
relations from the southern Midland basin 
northward show that thl' Devonian onlaps 
itself to some degree in this direction. 
Barnes cl al. (1947, p_ 14.0) have already 
pointed out that on the Texas craton, Mid­
dle Devonian deposits rest on Ellenburger 
l.000 fect lower in the section on the west­
ern side of the Liana uplift than on the 
eastern side. This erosion olTurred al some 
time between medial Ordovician and Early 
Devonian. From what is known of regional 
uncon [ormities in west Texas, erosion 
probably occurred during Silurian or be­
tween Silurian and Devonian periods. Ad­
ditional evidence of tectonic activity to­
ward or al the end of Silurian time is the 

shift of the aXf-S of depositional and/ or 
structural basins in \Ve~t Texas, seen when 
comparing isopachs of the Silurian, Lower­
Micldle Devonian', nnd Fpper Devonian 
str~ta. 

(5) Evidence 01 the Siluro-Devonian un­
COil [ormity is partially obscured by subse· 
quent erosion periods. Pre-Woodford trun· 
cation of the older Devonian rF~moved 
much of thp- lauer from the edges of the 
west Texas and Anadarko basins before 
the Woodford deposits were laid down. 
Woodford strata widely ov(dap the Early­
Middle Devonian in the west; the UPl)er 
Devonian is wirlesprcad over western New 
Mexico and Arizona, resting on Silurian in 
much of this area. Much greater uphlt and 
truncation took place in Late Mississippian 
and Early Pennsyh'anian time in the 
Southwest, for the Woodford suberop pat­
tern around almost aU of the west Texas 
basin and along the Pennsyh-anian moun­
tain helt of the Wichita-Amarillo axis co­
incide" closely with the subcrop of the 
underlying Silurian. 
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Paleozoic Historv of tbe Fort Stockton-Del Rio 
01 

Region, West Texas 

ADDISON YOUNG 1J 

ABSTRACT 

Throughout Paleozoic lime to the close 
of the Mis~issippiall , the Fort Stockton·DeI 
Rio region experienced only mild struc· 
t ural acti vity ; the m;~ociat-ed sl'dillwnta ry 
rocks are relativrh' thin and cOllsist chieRy 
of carbonates ex('~pt for the dark >:halr ;r 
the Woodford and overlying YOllnl?er Mis· 
sissippian seclim("nts . l1l Early P ennsylva. 
nian time a major gel)sync!ine developed. 
\\'a~ fill ed with thick dasti c sediments, and 
was later compressed into the Marathon 
folded belt. [n early Permian Wolfcamp 
time the final phase of this late Paleozoic 

orogen y occurred. The Val Verde gt>O~yll' 
c1jm~ formed principally durin g thi~ time 
and n>ceived at. least 14,000 fert of clasti c 
sediments. It is north of the older geo· · 
syncline and is th e main structural fra· 
t;lre of the Fort Stockton·DeI Rio regio n. 
After Wolfcamp tim(' th e region returned 
to a condition of crustal qu iet. This Paleo· 
zoic history has been reveal ed mostly by 
wells drilled ill the past few years for oil 
and gas. among which is th e drepes t boring 
ever sunk into the earth. 

INTRODUCTION 

A line drawn from a point several miles 
north of Del Rio northwest to and beyond 
Fort Stockton locates roughly the axis of a 
great stru ctural trough, one of the major 
subdivisions of the P ermian basin of west 
Texas and southeastern New Mexico. This 
structural featurt> is hereafter referred to 
as the Val Verde geosyncline, and tohe main 
purpose of this paper is brieRy to outline 
the Paleozoic history of the region of which 
this geosyncline is the principal clement. 

In figure 54 are outlined the major 
st ructural" elements of west Texas as estab· 
lished in the late Paleozoic. During most of 
this lime the Delaware basin was an in· 
tegral pari of the great trough whi ch ex· 
tended sOlltheast beyond Del Rio; there· 
fore, throughout this paper the term " Val 
Verde geosyncline" refe rs to the whole 
stru«ture. This geosyncljne lies south of the 
Eastern shelf and south of the south rim of 
the Midland basin, an east·west arch for 
which no generally accepted name has ap. 
peared. Farther west the Val Verde geo· 

syncline is bounded on the north and north· 
e~st by the Central Basin platform, the 
southern element of which is the Fort 
Stockton high. All of these subdivisions of 
the Permian basin are fairly well under· 
~tood geologically from information fur· 
nished by the mallY wells drilled for oil and 
gas. 

Soulh of the Val Verde geosyncline lies 
the Marathon folded belL an entirely dif· 
ferent geological province and one poorly 
understood except in the limited area of the 
Marathon Basin. In particular, the precise 
location and nature of the boundary be· 
tween the folded belt and the geosyncline to 
the north of it remain at present a fascinat· 
ing enigma. Northwest of the Marathon 
Basin the Val Verde geosyncline is flanked 
on the west by the Diablo platform, an up' 
lift of the foreland like the Central Basin 
platform on the eastern side of the geo· 
syncline. 

Throughout much of the Fort Stockton· 
Del Rio region strata of Cretaceous age, 
mostly Lower Cretaceous, occur at the sur· 
face, and the thickness of this sequence 
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PALEOZOIC HISTORY 

The Paleozoic record in the Fort Stock­
ton-Dei Rio region is complete; at least, 
each of the seven systems is represented by 
rock strata, although some of the units are 
thin. This Paleozoic section is summarized 
in figure S5 in which the principal rock 
units are tabulated and the lithology is rep­
resented graphically in a very generalized 
manner. The graphic column is not drawn 
to scale. Lithologically the entire section 
falls naturally into three major subdi­
visions: The lower one includes all strata 
from the base of the Cambrian to the base 
of the Woodford formation and consists 
very largely of carbonates; chert occurs in 
the upper members. The middle subdivj­
sion extends from the base of the Woodford 
formation to the top of the Leonard of mid­
dle Permian age and consists primarily of 
dark shale but in places includes much 
limestone. The uppermost and smallest part 
of the Paleozoic includes only the Permian 
above the Leonard; here are the siltstones 
and fine sandstones, the platfonn dolo­
mites, and the evaporites typical of the 
Permian basin. Such, in brief, are the mao 
j or groups of sediments; in the paragraphs 
that follow the smaller units arc discussed 
in order and in more detail. 

PRE-WOODFORD HISTORY 

In spite of great depths a few wells 
within the Val Verde geosyncline have 
actually reached the Precambrian base­
ment. In the Puckett field of southern 
Pecos County this basement is a quite 
ordinary granite, and P. T. F1awn (per. 
sonal communication) reports that this 
granite has been determined to have an 
age of 900 million years. Since the im· 
mediately overlying Upper Cambrian beds 
have an age of something less tllan 500 
million years, it is apparent that a very 
great span of time is represented by the 
unconformity' at the base of the Paleozoic. 
There was ample time for the development 
of the peneplain which is assumed to have 

existed when the earliest Paleozoic sedi­
ments were deposited. 

These first Paleozoic deposits were sand­
stones of Upper Cambrian age. The sands 
are mostly medium grained, noticeably 
coarser than typical Permian sands of the 
same region, and commonly glauconitic. 
Some limestone is present and at the top 
there is a layer of limestone or dolomite 
which closely resembles the overlying 
Ellenburger, so that in places the boundary 
is difficult or impossible to identify. 

Figure S6 is the first of several maps 
which depict the present thickness and 
distribution of the several members of the 
Paleozoic. All of these maps cover the 
same geographic area, which is shown ill 
outline on the }'egional map (fig. 54). 
Figure 56 is an isopach map of the Cam­
brian section and reveals a progressive 
south to north thinning of these sediments. 
However, the two areas where no Cambrian 
is found are areas from which the sedi­
ments were eroded in late Paleozoic; they 
are not areas of non-deposition. 

These Cambrian thickness variations, as 
well as the character of the beds and de· 
tailed correlations of members within the 
formation, support the interpretation that 
the Cambrian sediments are near·shore 
deposits of a sea which transgressed north­
ward over a well-developed peneplain. In 
this respect these strata resemble tlH~ 

Trinity section of the Lower Cretaceous of 
this same region. 

The Cambrian sands were followed 
without interruption by the deposition of 
dolomites and limestones which belong to 
the Ellenburger group. Figure 57 presents 
the present thickness of these strata, and 
it should be noted that most of the Joc:}! 
variations are due to subsequent uplift ano 
erosion. At time of deposition the Ellen­
burger of this region probably had an ap­
proximately uniform thickness of about 
1,500 feet and extended far bey-ond the-
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area of figure 57, covering much of Texas 
and some adjoining slates, 

Throughout the Fort Stockton·Del Rio 
region the Ellenburger is a qllite uniform 
deposit of crystalline dolomite with which 
in some loca lities are included beds of 
lithographic limestone. Minor amounts of 
chert are present in places, and here and 
there rounded, medium to coarse sand 
grains "float" in the dolomite. This faci es 
is generally quite s:milar to the facies of 
the Ellenburger present over the Central 
Basin platform and Midland basin; it is 
distinctl y different froJn the limestone of 
the Marathon formation which is of equiv. 
alent age at its outcrops within the Mara­
thon Basin. A particularly marked contrast 
is furnished by Slick·Urschel Oil Company 
No.1 Mary Decie, a wildcat only a few 
miles northwest of Marathon limestone out· 
crops near the town of Marathon. This 
well was drilled through the Dugout Creek 
overthrust, a major low-angle thrust de· 
scribed in detail by King (1937), and en· 
countered Ellenburger ill a dolomite facies 
similar Lo that to tJle north. 

Deposi tion of the Ellenburger group 
was brought to a close by a marked con­
traction of the Ol'do,:ician sea . The result· 
ing constri cted sea occupied a hroadly 
elliptical area which included the Fort 
Stockton·Del Rio region and extended 
north into southeagtern New Mexico and 
the adjoining counties of the Texas south 
plains. This shallow structural depression 
has been named the Tobos8 basin by Gallt>y 
(1958 ). As shown in figure 58, a maximum 
of 3,000 feet of sediments accumulated in 
this basin during the time interval from 
the dose of Ellenburger deposition to the 
beginning of Woodford lime in late De· 
vonian . The isopach lines show the original 
shape of the basin fairly well, but the sharp 
minol' irregularities are the result of subse· 
quent uplift and erosion. 

During this specified time interval con· 
ditions of sedimentation in the Fort Stock­
ton-Del Rio part of the Tobosa basin 1'(" 

mained constant, and wi th only minor 

interruptions the basin was filled with a 
succession of similar deposits , mostly lime­
stones. The lower two-thirds of this lime­
stone sequence helongs to the Simpson 
group of the Middle Ordovician. In Pecos 
County, the Simpson attains a thickness of 
2,300 feet, its maximum for the entire ' 
west Texas area . In the Fort Stockton·Del 
Rio region this group is composed largely 
of argillaceous limestone; sand is present 
in only insignificant amounts, and shale is 
proportionately less prominent than "it is to 
the north over the Central Basin platform. 

Overlying the Simpson group is th~ 
Montoya formation, which is somewhat 
more extensive laterally, particularly on 
the west /lank of !lIe Tob05a basin. The 
Montoya formation has a maximulll thick. 
ness of 500 feet and consists predominant1 y 
of limestone but, unlike the Simpson, con­
tains signifICant amounts of chert. The 
chert is dark brown to bluish gray and 
smooth to translucent. 

Overlying the Montoya is an even thin­
ner unit, a limestone of Silurian age, 0 to 
250 feel thick. The lower member of this 
lInit is the Fusselman limestone and in 
places it is the only' part of the Silurian 
present. The Fusselman is 0 to 200 feet 
thiek and is a light·colored to nearly white 
limestone which is more obviously crystal. 
line than associated strata. In most locali· 
ties it contains small amounts of dense 
white chert. 

Conformably above the Fusselman is 
the uppermosl unit of the sequence of lower 
Paleozoic carbonates of the Tobosa basin. 
This is a chert and limestone formation of 
Devonian age, which is 0 to 300 feet thick, 
and it is common practice in west Texas to 
refer to this formal ion as " The Devonian," 
the Devonian age of the o\·erlying Wood. 
ford formation being disregarded. This 
limestone is ~omewhat similar 10 that of the 
underlying Silurian but is generally dark· 
er in color, and in some areas of the Fort 
Stockton-Del Rio region it grades into a 
dolomite fac ies. Chert is more abundant in 
this unit than in any other portion of the 
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stratigraphic column, and in and ne~lr the 
Marathon Bas in the unit is almost wholly 
chert. This chert is commonly 110vaculitic 
and light colored, although darker shades 
also occur. 

WOODFORD TO \\1Ol.FCAMf' HISTORY 

The Woodford fOl'lnutiol1 is the lo\\"el'­
most memher of the sec-ond and middle 
sequen ce of Paleozoic rocks, Lho: e com­
posed primarily of dark shall', and It mar~s 
the beginning of an important ch~lJge )11 

the sedill1entary history of the regIOn. III 
figure 59 the combined thi ckll~ss of t~le 
\Voodford and the overlying Ul1lt of MIS­

si ssippian age is shown h y' isopachs. This 
(·'ntire group of sediments consis ts lurgely 
of brownish·black to dark browl1 shale 
which is typically softer and contains le~s 
sand and silt than the overlying Pennsyl. 
vanian shales. The Woodford part of the 
">cction contains some dark chert which is 
~nost ahulldallt along the southern flank of 
the Val Verde geosyncline. The section 
above the \'i/oodford contains in its 1011' (' 1' 

parl some argillaceous limesl~ne. I 11 ll~e 
Fort Stockton-Del Rio region Jnnestone JS 

a relatively minor constituent of lhe Mis­
sissippian, but as lh(~ unit is tTaeed north 
limestone becomes i nc reasi ngl y abundant. 

The thickness map shows that these 
\-S;' Dodford and overlyi ng younger Missis· 
sippian sediments allain a maximum thick· 
ness of 2.000 feel at the northwest edge of 
the map, ncar the heart of Ihe Tobosa 
hasin. The areas of no sediments appear Lo 

represent erosion 3Jld not non-depos ition. 
In fact lhe M ississippian sea spl'<~ad far 
beyond' I'he map area, and it may be said 
th~t at this time the Tohosa basin ceased 
to e,xi;;t as a distinc t structural enl ity. 

All the Paleozoic strata from the firs t 
Cambrian beds to the close of the Missis· 
sippian indicate that during this long 
iJllen'al the crust in Ihis area experienced 
only broad mild regional upward and 
downward movements. This peaceful era 
,,'as closed at the. beginning of Pennsyl. 
vanian time when major orogeny caused 

an uplift near the present Texas.Mexico 
border and a great Early Penns), Ivanjan 
.g:eosyndine deYeloped immediately north 
of this uplift (King, 1937, p. 135; Hall, 
1956) and was filled with clastics eroded 
from it. These events a re reflected in figure 
60, the first of two isopac h maps of th e 
P e nnsy lvanian sediments of the Fol'l Stock. 
ton·Del Rio reg ion. III lhis figure the ter m 
" lower" Pennsylvanian i~ for cOllvenience 
chosen to meal; all s trata from Ihe base of 
the Pelllls ),lvanian up to and including a 
widespread I imestone in which lower 
Strawn fusulines are commonly found. 

The " lo\\' (;'r " Pennsylvanian thi ckness 
map presents two markedly contrasting 
areas. To the south is a great lineal' trou gh 
where sediments during this time interval 
(l<:cnmulated to a thickness of at least 10,. 
000 feeL. This amount is in striking con. 
trast to all preeeding periods of the Paleo. 
zo ic, none of whi ch experi el\<:ed more than 
a small fraction of this degree of sedi­
mentation. Unfortunately, information 
about this trend is enLirely inadequate. 
Only a few deep wells have reached th ese 
"lower" P ennsylvanian beds along the 
northern flank of the trough; the south 
Hank is compl etely unknown. Practically 
all of our informati on is obt'ained from 
surface outcrops in the Marathon Bas in 
(King, 1937) where the Tesnus, Dimple, 
and Haymond formations belong to this 
part of the Pennsylvanian system. These 
sediments are predominantly sha le and 
sQndstone derived from highlands llOt far 
to the south. Here another element of un. 
certainly must be noted. T he present iso . 
pachs do 1I0t show the original si te of 
deposition of these thi ck "lower" Pennsyl. 

vanian beds. These lines include the effects 
of northward overthrusting which occuned 
in early Pennsylvanian and again at the 

close a~d resulted ill thfO Marathon fold ed 
belt. 

I!l contrast to these thick geosynclinal 
deposits are th e much thinner sediments 
which extend over a far broader area to 
the norlh beyond the geosyn cline . This 
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unit varies in thickness from 100 to 700 
feet and consists predominantly of lime­
stone, which in places is cherty or shaly 
and in places is fragmental and may be 
fossiliferous. The upper parl of this lime­
stone is lower Strawn in age; the lo\\'el' 
part may in places be of Bend age but is 
nowhere as old as the lower beds in the 
trough to the south where representatives 
of Springer and Morrow time are present. 

Three areas in which no Pennsylvanian 
sediments are present appeal' on the map. 
The two areas in the northweste rn part of 
the map arc over the Diablo and Central 
Basin platforms. lind there the absence of 
sediments is probably due both to non, 
depos ition and to suhsequt>llt erosion. Near 
Del Rio is a third area where LOlvel' Cre­
taceous strata rest on a series of incipiently 
to weakly metamorphosed sedimentary 
rocks, a considerable part of which are 
Cllrhonates. No fossils have hee n found, 
but pl'Obably hoth Paleozoic and Precam­
brian rocks are present. It seems likely that 
"lower" Pennsylvanian deposits also once 
cove red the area, but strong uplift whi ch 
induced the slight metamorphism lI'a5 fol­
lowed by rrmoval of all late Paleo~oic 
strata. The writer suggests that this finBl 
erosion look place about the beginning of 
the Permian. 

The "lower" Penll:>ylvaniun map pre­
senl~ the firs t clear-cul evidence of the hr­
gillnill!!: of the Vnl Verde a cosvndine. 
:North'~est of Fort Stockton lYle ~llIP re­
veals a shallow depression be l ween the 
lle",ly risen Diablo an(1 Central Basin plat. 

forms; this low later deepened into the 
Delaware basin portion of the geosyncline. 
Southeast of Fort Stockton across T errell 
and Val VCl'd' counties the northern fringe 
of th e Pennsylvanian geosyncline partly 
lies along the trend of the Val Verde geo­
syncline. This accords with the long·held 
c:oncepl (Cheney, 1929) that geosynclinal 
formation progressed inward 0)) the conti· 
nent during late Paleozoic orogen),. 

For the purposes of this paper " upper" 
Pennsylvanian means simply lhal part of 
lhe P ennsylvanian above the lower Strawn 

limestone. In marked contrast to the 
"lower" Pennsylvanian section, the upper 
part is thin, and the implication is clear 
that it was a time of crustal stability but of 
shorter duration than the earlier Pelll1syl­
"aruan. 

The thickness map (fig. 61) reveals no 
area of the " upper" Pennsylvanian much 
over 2,000 feet thick, and several areas 
now have no sedimenls of tohis age. These 
blank areas OCCllr over pre-existi~g highs, 
and pro'rhaps no sediments were ever de· 
posited. Close to these highs "upper" Penn­
sylvan ian limestone o( reef facies accumu­
lated, and in the intervening basins, such 
<1& the lVJidland basin. only vel'" thin de· 
posits of dark shale ~ccun;ulated contem­
poraneollsly. These thin shales are the 
starved-basin sediments described hy 
Adams et al. ( }951). The Delaware basin 
~egment of the Val Verde geosyncline was 
a slarved basin at thi:; lime. 

Southward in the l"larathon Basin 
" upper" Pennsylvanian is represented by 
the Gaptank formation. These beds are 
found only in the northern part of the 
basi n, and Kin g (1937) believes that tlwy 
were nevel' deposited much south of thei r 
present outcrop. They consist mainly of 
clastics and some interbedded limestone 
of a near·-hore faci es, and the whole unit 
is about 1,800 feel thick (King, 19:37, p. 
74) . The Gapl'unk (ormation thus suggests 
that by the bt'ginning of "upper" Pennsyl­
vanian t imc the southern shoreline of th e 
Pt'llllsyll'anian ~ea had migrated north­
ward to the vicinity of the lown of Mara­
thon and [rom tlwre extended southeast­
erly along a lin e that rou ghly coineides 
with the Val Ve rde geosynclill/? 

In the struclurally highest area~ slich as 
the Cpntral Basin platform and tht, Mara­
thon upli ft t'he contact bel.ween the upper· 
most Pennsylvanian and the W'olfcamp of 
the Permian is quite evident and in places 
is even an angular unconformity. In these 
high areas there was obviously an interval 
of erosion between the latest Pennsylva. 
nian and lowermost Wolfcamp. But in most 
sections of the Fort Stoc.kton·Del Rio 
region and partieularly alon g the Val 
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Verde geosyncline, there was no interrup­
tion in sedimentation and no obvious lith­
ologic change, and it is a problem to sep­
arate Pennsylvanian from Permian within 
a generally uniform sequence of basin 
clastics_ Fossils are rare hut definitely show 
that in the geosyncline most of the thiclC 
section above lower Strawn limestone is of 
Wolfcamp agt' . Oue of the most clear-cut 
fossil finds turned up in Gulf Oil Corpora­
tion No. 1 P. G. Northrup, a deep test in 
eastern Hee\'t~s County in the deeper part 
of the geosyncline. Here a core taken about 
1,000 feet al)ove the lower Strawn yielded 
fusulin cs of 101l'(~r Hueco, Wolfcamp, age. 

Although there was no interruption of 
sedimentation at the Pennsylvanian-Per­
mian boundary in the Val Verde geosyn­
dine, there was from the beginning of 
Wol£Camp time a very great acceleration 
in the rate of downwarping of the geosyn­
cline. This is apparent from the thickness 
map of the Wolfcamp I fig. 62) , which re· 
veals a maximum thickness of at kast 
] 4.,000 Ieet. This enormous thickness has 
been revealed entirely by deep drming 
within the past few years and previollsly 
was not even suspected, The type section of 
the Wolfcamp lies in the north edge of the 
Marathon Basin and at the southern mar­
gin of the Val Verele geosyncline; it has a 
measured thickness of 600 (eet (King, 
1937, p. 94). 

The picture of the Wolfcamp is at pres­
ent incomplete. A large segment of the 
south flank of the geosyncline in Terrell 
and Val Verde counties remains a blank on 
the map because there is simply no subsur­
face information. However, the available 
(lata do reveal the general shape, orienta­
tion, and lineal' character of the geosyn­
cline. Also shown, but less precisely, is the 
hranch which extends southwesterly across 
northwes tern Brewster COUI1!Y and south­
ern Presidio County and commonly is 
called Ule Marfa basin. 

The quantity of sedimentary material 
shown by the isopach map is enormous. 
Excluding the Marfa basin and small parIs 
of the geosyncline beyond the map area, 
the Wolfcamp contains 12.850 cubie miles 

of rock, and yet this deposit could have 
been built up at a rate of 1 inch every 50 
years. The source of these sediments must 
have been equally large; 400 mOUlltains the 
same size as the Franklin Mountains would 
have been needed to furnish the necessary 
rock debris. 

These thick Wolfcamp geosynclinal de­
posits consist largely of interbedded shale 
and sandstone. The shale is dark gray and 
hrownish gray, fine grained, and well con­
solidated. The sandstones are gray and 
brown, well cemented, commonly argilla­
ceous, and generally fine to very fine 
grained, Some limestone is present iJI the 
upper Wolfcamp, and 011 the platforms, 
where the Wolfcamp is thin, this is the pre­
dominant rock lype. On the Central Basin 
platform dolomite as well as limestone oc­
curs in the Wolfcamp. This summary of the 
lithologic constituents of the Wolfcamp ap­
plies generally to the entire deposit, but the 
relative proportion of each lithic type 
varies from locality to locality. Figure 63 
is a very generalized gross facie5 map of 
the entire Wolfcamp. The areas in which 
sand, shale, and Emestone, respectively, 
are predominant are shown hy distinct pat­
terns. The Jargest area is covered by the 
predominantly shale facies; limestone is 
d early a~sociated with the platforms; and 
sandslolw is the major constituent in a belt 
along the southern margin, including the 
Marfa basin. 

This distribution pattern definitely sug­
gests that most of the clastic constituents of 
the Wolfcamp of the Val Verde geosyncline 
came from the south. In that area there 
must ha\'c been an uplift of the pre-Wolf­
camp formations of a magnitude sufficient 
to aceount for the thick Wolfcamp section_ 
And since most of that uplift was composed 
of P{'nnsylvanian clastics, lhe lithologic 
similarity between Pennsylvanian and 
Wol£camp is readily understood. 

Not all of the Wolfcamp clastics were de­
rived from the south. Locally in the deepest 
part of the geosyncline immediately south 
of the forl Stoekton higb a few very deep 
tests have encountered lenses of detrital 
limestone in the lower Wolfcamp. These 
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limestolle's 11ave vidded SLrawll and Can­
yon fusulines alO)~i! wiLh Wo]£eump speci("s, 
and the implicalion i~ lhal lhe5(, Ijmt'~tone 
fragment;; wert' eroded from Pelln.~yh-a­

nian reds 10 the north on the nnnk of Ihe 
Fort Stockton hi!!h. OhvioLl!'-h- thc reds. 
25 well a5 till' en';l a f the high-, mu&t haw' 
hl'e!) elevated du ring early Wo/fcamp tinH', 

A minor local facies or the Wolfcamp 
O('("Ul"S well up on the south flank of Ih(' ForI 
Slocklon high. Hen' the Pn'camhrian it'­
nl'OliS basement WClO:; I·xposeo during: a part 
of \"\lolfnlmp lime, and (11(" IOW,'l"IllO!3t hrcls 
of the Wolfcamp in Ihe adj8c('Jlt aj"('a (0 llw 
soulb ('ontain l-ed ~hall' and l!rko~it: sand­
SIOllC. apparently dnivcd from llle igm'ous 
expo.'i111·C. 

The abS('lln' of widl'~pr(,Hd marker b(>r1R 
\\'ithin t.he WoHearnp makes it difficult In 
work nul Ill(' detailed scdinwntary lli~lory 
of Ihe~e tkpo:sils, Correia lions may he> ('ar­
ried limiled di"lalln's and from thest> il. 
appears that till' older \Vo]fcamp ~trata are 
mOl"{' n';:triett'd laleralh- than 111(, \ouni!e}" 
unils. Thi~ relalioll~hip j" d("mon&lral(~d, 
Jor example. by the ahon'-menti0111'd Ot:­

('urn'nc(~s of P('IlII;;\'lvanian ]"eef de>trilw; in 
the 10w('J" \Vo]fcamp, hecause Ihe same reefs 
wen' latcJ" overlain hv a thick section of 
younger \Volfcamp bt>(fs. 

The shape of lht>se Wolfcamp ,;.ediml'nls 
lind their rdatio)) 10 olde!' formatiOM are 
illustrated in l "-0 slratigraphic cross sec­
tiOllS (fi,s. 64., G5A). Tn bOlh of thcse see­
tions the UppCl" horizontal line rcpres~llls 
the top of the \\'olframp or, w11l:'1"(' that is 
tlb~wllL thE' lop of the lwxt oldl'r un it pH'S­
pnt. The sccliono:; are dnllol wi lh a llt:"arly 
{iw'-to-one exaggeration of the vertical 
scale_ 

Figure 64 i.~ located near lhe easlern end 
of Ihe Val Verde geosyncline and extends 
a distance of 150 miles from u weI) near 
Del Rio to lhe we5tHn I'xlremity of tIl(: 
Central MinNal l-egion. Th(· very gr("at 
thickness of the Wolfcamp section as com­
pared to all olllrr Paleozoic units is im­
mediately apparenl; and within the Wolf­
camp dashed currelation lines suggest lhe 
transgn'ssive overlap of younger Wolfcamp 
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beds beyond the older Wolfcamp strata_ At 
the southwestern end of the cross section 
are indicated two wells which encountered 
no Wolfcamp but entered metamorphosed 
sedimentary rocks of probable lower Paleo­
zoic age within the D evils River uplift 
(Galley_ 1958) _ The manner in which this 
uplift meets the south limb of the Val Verde 
geosyncline is at present unknown because 
of a complete absence of well control and 
may be quite different from the uncompli­
cated north -dipping slope drawn 011 the 
cross section_ 

The second stratigraphic cross section 
(fig_ 65A) is drawn southwest-north east 
ac ross thc central Val Verde geosyndine 
from Gulf Oil Corporation No. 1 D.S.C. 
Coombs et aI., a deep lest near th e town of 
Marathon, 10 Slanolind Oil and Gas Com­
pany No. 1 Conry-Davis Unit, a test Ilear 
HOl'sch ead Crossing on the P ecos River. 
Although scarcely over 90 miles in length 
this section includes parts of three geo­
logica! provinces: the Marathon uplift, the 
Val Verde geosyncline, and the Cenlral 
Basin platform. At the southwestern elld 
of the section within the Marathon uplift 
the Gulf lest was drilled through the Dug­
out Creek overthrust. This overthrust is 
shown on the se.ctiol1, but the othe r compli­
cated struc tural features of that folded belt 
have been omittcd. Along the line of fi gure 
65A the Val Verde geosync line has been 
crosse<l ncar its narrowest point, and sev­
eral very deep tests serve to outline its gen­
eral con tours fa i rl y well. However. along 
its south edge the relationship between the. 
geosyncline and the Maralhon upli(t is not 
yet clear. 
- Three very deep wildcat tests have been 
drilled along the line of this section and are 
identified by the letters "A," "B," and "C." 
Well "A:" Phillips Pell'Oleum Compan), and 
Sincla ir Oil and Gas Company No. I-A 
J. C. Montgomery, reached a depth of 
23 A.OO feeL hav-iug drilled 600 feet into the 
Ellenburger group. It ('nc.o tlntered 12.000 
fee l of Wolfe am}) sediments and appears 
to be located near the axis of maximum 
thickness of Wolfcamp beds. Well "B," Pan 

American Petroleum Company No. 1-CS 
Uni\'e rsity, was drilled to 21,687 feet , at 
which depth it was in shale of Miss issippian 
age. 

Well "C," Phillips Petroleum Company 
No. 1-EE University, which reached a 
depth of 25 ,340 Jeet (4.7992 miles) , is 
[1959] the deepest lest ever drilled into 
the earth's crust. Beyond this phenomenal 
depth, the well is also of very great inter­
est because of unusual structural condi­
tiolls which it encountered. The well pene­
trated a normal sequence of Cretaceous, 
Permian (including 4.,800 feet of Wolf­
(;amp) , Strawn, and older Paleozoic for­
mati0l1s to a depth of 13,765 feet , at which 
level a reverse fault was encounte red, with 
Simpson overlying Devonian ro cks. From 
that depth to 21,810 feet a \\"hole series of 
structural abnormalities was met, and 
some units were repeated as many as {our 
times. At the heart of this zone was a sec­
tion of Ellenburger strata overlain and 
underlain by Simpson beds, the Ellen· 
burger havin g an apparent t·hidm(:'ss of 
3,800 feel., although its true thickness is 
probably about 1,500 'feet. The dipmeter 
reeotded high-angle dips up to a maximum 
of G7 degrees. Below 21 ,800 ret't no fau lts 
or other structural abnormali ties were 
found; a normal sequence of lower Paleo· 
zoic strata was drilled, and the bottom of 
the hole is at a stratigraphic level 370 feet 
below the lop of the Ellenburger group_ 
The wri ter's interpretation, which is illus­
trated schematically in figure GSA, is thaI 
No. 1-EE University is located .in a struc­
turally complex zone of multiple faul ti ng, 
including high-angle reverse fault s and 
possibl y some overturning, which sepa­
rates the Fort Stock ton high from the Val 
Verde geosyncline. A relative uplift of Ihe 
Fort Stockton high of about 20,000 feet is 
shown . It appear:; that the well completely 
penetrated the disturbed zone, and the 
hottom 3,500 f<::et is in th e relatively lin­
disturbed segment of the crust whi ch 
forms the deeper portion of the Val Verde 
geosyncline . 
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POST-WOLFCA;\-fP HISTORY 

i\early everywhere throughout the Fort 
Stockton-Del Hio r~gion the close of the 
\Volrcamp was a time of st ructural quies­
cen ce_ and sedimentation proceeded '''ilh­
out in'kfl"u»tion into Leonard time. Conse­
quently, lhefe is in mostureas no lithologic 
hreak at the top of the \Volfcamp, and the 
horizon is dirT-jeu]t to identify except where 
fossils happl'1I to appear in samples or 
cores. However, the Leonard sea was not 
as extensive as in W olfeamp time; the sea 
withdrew from the southeastern segment 
of the Val Verde geosyncline alld remained 
olll v over the portion which li es northwest 
of I~or! hwestern Val Verde County. Tn that 
area were deposited the platform carbo­
nates. hasin shales, and argillaceous lime­
s ton e~ of Leonard time, and the still 
youn ger siltstones, sandstones, dolomite 
ret>fs, and e\·aporitcs of Guada lupe and 
Ochoa times, The area of maximum sedi· 
mentation was the Delaware basin, mostly 
no rth and west of Fort Stockton . A narrow 
extension of this basin ran west-east across 
P ecos Counly just south of the Fort Stock­
ton high and served as a con nect in g de­
pres~io~1 between the Delaware and l'I'Iid­
land basins, This synclinal feat ure has long 
been known as the Sheflleld channel (Can. 

non and Cannon, 1932, p. 199) ; it is not 
to be confused with the earlier and much 
larger Val Verde geosyncline, These post. 
\Vo]fcamp sediments have been descr ibed 
and willnol be reviewed in this brief paper 
(Galle)" 1958 ; Adams, 1944) . 

Figure 65B is a di agra mmatic cross sec-· 
tion which is drawn to Ule same scale Bnd 
througll the same points 11S the section of 
fi"'ur~< 65A but differs from that seclion in 
b:'ing a representation of pres~nt-day ge· 
ology and, therefore, includes 1111 strata. 
All post- \V olfcamp Permian beds are in­
eluded in a single unit which is consider· 
ablv thinner than the \Volfcamp alone. By 
con·lparisoll with fi gure 65A the Wolfcamp 
section exhib its nearly the same shape bllt 
has undergone a mild tilting down toward 
the north . Present slruplure of the base of 
the ' Volfcamp i~ given in fi gure 66, which 
bears a wry close resemblance to the \Volf­
(:amp thickness map (fig. 62). 

No Triassic beels occur on lhe line of the 
eros~ ~ection ( fig, 658), although a thill 
unit of these conlinental red beds is gener­
ally present over llle nearby Delaware 
basin ano Sheffield channel. At the top of 
the section a very thin layer of Cretaceou s 
sandstone and I imestone completes the 
geologic picture. 
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SUMMARY 

The Paleozoic history' of the Fort Slock. 
ton-Del Rio region began with peneplana. 
tion of an ancient lerrane followed by a 
late Cambrian northward transgression of 
the sea across T exas and adjacent area~. 
Thereafter, the region was only part of a 
much larger sea which endured throughout 
most of Paleozoic time. During the Simp. 
son to Woodford interval of the Paleozoic , 
the sea was somewhat more restricted than 
eilher before or afte r and occupied the 
shallow Tohosa basin; the Fort Stotktol'. 
Del Rio region comprised the southern 
half, or less, of that basin. Throughout the 
great length of lime from Cambrian 
through Mississippian, the region was 
relatively stable ; c rustal movements were 
regional but mild. Sediments deposited 
under these conditions were thin ; they 
were largely carbonates until the begill. 
ning 6f Woodford time and, thereafter. 
primarily dark shale. 

Near the brginning of Penllsylvaniall 
time there occllrred a profound change in 
strUC'lural activity. A major geosyncline 
formed near the southern horder of Texas 
and extended far beyond the Fort Stock. 
ton·Del Rio region. It was filled rapidly 
with a thick accumulation of clastic d~· 
posits derived from a contemporaneous up· 
lilt to the south. Still in "'ower" Pennsy l. 
vanian time the geosynclinal ~ediments 
were greatly folded and faulted in an 
Appalachian .ly'pe orogeny, and at about 
the same time the major uplifts and basins 

of the foreland area of we~t T exas came 
into heing. Al this time the Val Verde 
geosyncline first appeared as a definite 
structural feature, although without great 
depth. 

About the beginning of Wolfcamp timc 
orogf' nic ac tivity recurred along the Mara· 
thon be1t. and during this epoch the Val 
Verde geosyncline attained most of its 
great depth. In it accumulated at least 14,. 
000 feet of clastics, mainly derived from 
Pennsylvanian and old(!)" rocks in high· 
lands immediately to the south. The Val 
Verde geosyncline developed considerabl y 
north of the earlier Pennsylvanian geo· 
syncline, as was pointed oUl by HlIll 
(1956). Well after the beginni ng of Wolf· 
camp deposition a major overthrust carried 
pre· Permian sediments oycr part of the 
Val Verde geosyncline, and this movement 
may be considered the final pha~e of the 
major late Paleozoic orogeny which began 
many' miles to the south in earl y Pennsyl. 
vanian time. 

In post·\Volfcamp Permian time llw 
Forl Stockton·Del Rio region returned to 
a state of relatively mild crustal activity. 
The southeastern part was probahly a low. 
lying lanc! area ; the northwestern part 
formed the southern corner of the Permian 
bas in and was the site of depositioll of a 
moderately thick sequence of typical basin 
and platform carbonates, clastics, and 
evaporites. 
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ba~al! 1I'>I"s 1. 2. :l, ,I,. 5. mal'-llI"lic "CCllll" of: :3" 

:lH. :l,). ~O. ·11 
ha"llt,,; 3,) 
iJa:'cllwll\. Precumh,-i",, : 119 
Hell!' Spring~ ,i"k: 69 
rkdia~ mcmher. WI'III,,)/'n f()J"IllUli()l1: 2,1 

IlH\"l1 c tj(' I·~(· t"l'," of: :H 
Rell (;)I1)'nll formation: 24 

nla~llel il: I'retors of: 30 
Rdl COllnty: ~9. 50, HI 
Bend >'e"i c<: S 7 
bihlingr<\ploie, : 1.3. ,Hi-,17, 64, 86,10') 
Bi" Bend Nalio nJI Park : I':' 

1\rtiary I'o[,'a lli e< of; ,l'i-H 
hiohenM. '[l"finili()n o{; -+ 
bi(1'll"alj~nlphic horizon.": 82 
hif)~tr(l nle, : -1 
B[aille (San Alld,'~<; (onnniion. cOIlI<'>lIr milp 

of ha~" "f: 61 . 
Blu)'luc.k $.1nd.lOnr: 81. go). 
Boi~ d'Arc fonnatiQll: 67 
bol'(: hol,,_' , Kiamichi "link: ,19 
h";lCiliopud,.: 6'), 78, 110 
Brac/r)"l))inlll/lls ~p,: 70 
nr;\~."Ii('ld fnllllntion; Ii'.!, n2 
R raV(l dome: 51. .~,:l 
I3rew~lCr COUnl)'; 100 
R:-i:i.,h I~I,..,,: f)i 
Bruwn"porl formal ion : 6i 
HllfLlla Oil Compil:rY-!1'1 id~lnt(" Oil (ol\lllan)' 

N n, B·2 t;nj,'c,-"ily; 73 
Rnl>i 11,< lit 5 : S2 
Rl\HO \Icq rid",<:ki'~ rhyo1il<~ : .)3, 39 

ma!.!.n eti c. \"ed or~ I) r: ... 4-
'"htl[ton" 01' round rcef.<: 4 

Cth<,llo~ formalion and/or nl)\"1\cn!i!c: ,'I. 80,81 
calr..:arel)lI:' cnn(;r~tiOH~: 1 t) 

ca!CJr('nilc~: 50 
"nlcilrrtil"5: ,:;0 
C(I/"lIIelle: 78 
Cat;l!'rian-

age: 11. 22 . .'i7. 89 
pole loc"tio,,:': 27 
-OnJo\"kian isopac],o\lO map: 55, :;, 
"l'dilllcn[i< .S! 
"I r., [(I , th'eknl;-" nf: 91 

(:allll,l·0-0rdo,"lClan a~t~: 3{ 
H,dim""t,,, I]"ck"e,,~ of: 55. S() 

Cmndcn r:hnl: H ' 
Cnnadi;Jn Biv"(J1": 51 
Canadian Rock\- "lollntain De,'o nia" ~n'lioll: llO 
Canlllillo forma'lion: 7,1. eo, 1-\1 
(:nm'oll I \ I i '''~tL ri ~('ri~,: (I I. ()2 
CHn~'"'' liIlH~: 62. 6:j 
r.(lI)~iJlIII()irl"u . I~'I)"I/"i(llile ,~, ChOlldrodorl(1I zon(': 

49 
carhollan' I'ock,,: .~() 
C.ll'hnllif~r(\\1'; pok I() ~ alilln". Eni,!"lnl><I : 19 

I'ole~ ,,"d ~qltnlnr: 2-5 
CHI'ui jlle 1,I"n(k gro\lnd-WaIN 0[,,,"\,\,'1 I illn,,: lr. 
':U-'l'·lwrrlp,\in~ of ' Edward,. lilllc"lon l': ,,)0 
Calaholll" forll\alinl'r : :2·1,32 
Cll,il,· r,lIill!{: ~O ' 
Ceil,;,' Valle\" linH',;lon~ : 80 
C,'n()zoic I,,,:;, lIow", If> 

l'u"k" 51 
Cenlr,,1 Ba~in pi<l.Iform: I'll , 9:{. 104 
Central Min,.",1 r<,gion : 1O:~ 
(e,t!rOlle/fll ~p.: 7:,:71-\ 
ellai" nr clt"ter rfer" 4, 7 
cilalldi<;lIlion , E,h~nn[s ]j Il\ e-,. to I\e : 50 
Chaaano()~a $hn!(~; 67 

- \Voo(\f;)rd ,:nlwdont zone: 7·~ 
Cheirur(ls ,p.: 711 
d"'mi('ul mecilani,m of ma~neli7.nt:on: 19 
ClWllltln!-, .<lal!c: 110 
Chen!")" ~l. G.: H-l 
ellen hrc('c ;a,: 69 
Chc.kr lil\\t'~lon~, ,inlomilc. "'\llll"lnne: n'H[ 

:;hale: 60 
Chimneyhill fnrJ\l1t!ion: (". if\, R2 
Chi~os \-olcaflic _l.;e.1'it"_":': 3.~ 
Clron.drr!dlJ/J/IJ zon~: ·19 
ci,'~I~~ ~f l;onfidt'HCC: I') 

HH'l.~1 formillion: 21 
Cisc" ti me:: 6:3 
Ci"co/\' i r~i 1 ~~ri e,: 6 I. 62 0:3 
Citi", ProilUc.1 iOll Com pn II y: n 
t:/(Jdop/rdlill ZOI1(': <1-9 
(:larita mcmb .. ',,: 6i 
"cla<lic" ~'Ii(\dle Si\nlian": H:! 
Cia\" No.1. Shell Oii Complln)" : iO 
Cl~~'ll)n\,jlle red: 5 
"Cl;"illl/"" sp.' ,0 
Cloud. P. E .. .I r.: 66 
.-1",[<--,· \"~efs: :1. 7 
Co 11 1 ~Il"ian: 6') 
Coch ran COllnt\': 70 
Cochrane rnelHi,cr : (;'i 
(:')e/u-'pirl/ ~jJ,: 70, Il~ 
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coercive force: 19 
Coke Count)': 5,6,7 
Comanche Peak formation: 49,50 
compo~ite reefs: 4 
Conchidiw/l. spp.: 70 
Concho an·h : 84 
concretions. Barnell formation: 24· 

calcareotis: 19 
conglomeratcs: 19 
Conocarllillm sp.: 70 
conodonts: 80, 8.0, 

seqllcnce: 67 
zones \. VI of Hass: 74 

Con'1'·Dnvis Unit No. I, Sianolind Oil and Gas 
C(>.npany: 104-

continental drift: 16.46 
masses. relativc drift of: 18 

contollr ,;Iosure : I, 12 
Coombs et a). No.1, Gulf Oil Corporation : 104 
Cooper, G. A.: 81 
correlation-

chart, Silurian and Devonian: 68 
from paleomagnetic studies: 35 
of volcanic sequences : 46 
paleomagnetic data (or: 15 
remanent magnetism measurements. an a id 

in: 39 
S iluro·Devonian fallnal: 65 

Coryell Connty : 49. 50 
Costispirifer SJl.: 73.78 
Couvinian or Marcellus fanna: 69 
Cranc COUnlr: 74. 78 
Cretaceons epoch, Early: 50 
Criner Hills : 69 
"CrylOlites" sp. : 73 
Culberson Connty: 19 
Cnlp No. 1-10, Union Oil Com pany of Cali· 

forn;a: 70 
Curie point: 16.37 
CycZospira/ Pr%zeugu sp.: 70 

Dalhart basin: 51 , 55,57,62, 63 
Dawson County: 70 
Decie, Mary. No. 1. Slick·Urschel Oil Com· 

pany: 93 
Deerpark age: 67.78 
Delaware hasin: 87 

Mountains: 24-
Del Rio: 87. 103 
Ddthyris sp.: 73 
deposi tional edges of Silurian and Devonian 

strala: 79 
Des Moines: 56 

time: 51 
dctrilal mechaniSl1) of magnetization: ]9 
Devils River uplift: 104 
Devonian: 57. 59 

age: 65 . 
fossils: i3 
Late: 69 

surface and suhsurface dislribution of: 76 
section. Canadian Rocky Moulltains: 80 
"The": 93 
Upper: 67 

outcrop area in New Mexico and west 
Texas: 80 

Devonian and Silurian, (,orrelation chart: 68 
depositional edges of strata: 79 
isopach rna p of strata: 75 
range chart of genera: 77 

Diahlo platform : 87 

Dimple formation: 95 
Dinobolus sp.: 70 
dipole field: 22,24,35 
Dockum group: 57 
dolomite , primary: 50 
dolomitization: SO 
dome: 4 
Dornick Hills : 56 
Double horn ~hale; 69 
Double Mountain reef : 1,6 
drift: 23 
Duck Creek formal ion: 49,50 
Dugout Creek overthrust: 93,104-
Dunbar, C. 0. : 69 
dynamo theories: ]6 

Early CretaceOllS epoch: 50 
earth's axes: 16 

magnetic field: 16 
East Anson ree!: 10, 11 
Eastern shelf: 87 
Ector Counly: 73. 7(~, 78 
Edgewood formation: 69.82 
Edwards llmestone: 49- 50 
Ellenburger dolomite: 59 

group: 57.89,92,94-,104 
terrone: 69 

Ell ison, S. P.: 66, 80, 81 
Emsian: 69 
England. Carboniferous pole loealions in: 19 
Eocene: 16 

al!e: 24.35 
Eotlwon(lria sp.: 73 
Eoradiolites zone: 49 
Eospiri/er sp.: 70 
equator and Carhoniferous poles: 25 
Erian: 83 

fauna: 69 
Etvmoth.vris; 7B 
E\;rope and North America, relative movement 

between: 16 
Evans, Glen L.: 108 
exploration. use of parameters in: ]2 
extrusive rocks : 35 

faults and/or faulting: 54,55 
faunal correlations, Siluro· Devonian : 65 
faunal zones in Edwards : 49 
Fee No. 46-2, Forest Oil Corporation-Cities 

Production Company: 73 
Fennell area reefs: 7,9 
ferromagnesian minerals, oxidalion of: 24-
Fillmore. Louise: 108 
Finger Lakes s tage : 80 
Fisher County: 5,8, 10 
f/abelliLC.I, Leptoc()elia: 81 
Flawn, Peter T.: 84, 108 
lIow breccia unit, orange·colored: 35, 39 

magnetic. vectors of: 43 
folded belt deposits , Ouachita·Mamtllon : 80-81 
fo lds and/or folding: 22, 54-, 55 

si ltstone in Smithwick shale: 22 
foliation, plane of: 45 
Forest Oil Corporalion-CiLies Production Com­

pany No. 46-2 Fcc: 73 
form of ree fs: 12 
Fort Slockton: 87 

-Del Rio region: 87-109 
high: 87 

Fort Worth basin: 65,84 



A spec/..l of llt{~ Geology oj Texas.' A Symposium 113 

fQ~;;jl:;: 100 
De>'O!lian : 73 
Silurian ; 70 

Fnitlklin Mountain, : 78, 100 
Fra~"jan: llO 
Frt:dericbburg lI(';e and/or group : 49, 5(1 
Frenzel , HughN.: J08 
Fri,,;c,) formation; 67 
J!uf;cidman lim e_.tone : 69, 711, ll2. ~H 
fus lil inc d ... lermina tion,. Pa leQ nto !o~ ; cn 1 Lahora­

tory (If ,\liclJ"nu : lOB 

Gaille~ Counly: 73,78 
Gan"y. J. E.: 74-. lOll 
Gap!~rik fortn"dOll : 97 
Gate_,,-j11 ,, : ,19 
r."n~'~o fanna: flO 
gcogr" phi c poles: 1(; 
Girardcan formal ion ; 69.82 
Givelian age: 83 . 
~l:1uconile: 26 
Gonld. Charl~: 51 
grai n size: 49 
graplolit" faun a: 81 
graplol ite$: 67, 7fl 

Upper Silnrian: !l3 
Gravc~ , R. W.: 66 
C r~al Plu i n. region: .) 1 
Griffin·" voca ·h·v c hain red: 7 
ground·waler (ll ;~e rvntiolls, Carolill~ and ~br~hall 

T,lanJs : 10 
GU:tdDlupc :\ronntain~: 24-

~~ ri~,,: 6.3 
Cnlf Oil CorpOf(tlion 1\0. J D. S. C. C()omb~ 

el al.: 104 
!\kElroy·Stale No . 1: 70 
North",p. P. G .. No.1: 100 

Hall. Elli~ : 108 
Hamilton ,groll P: II:~ 
Haragan "hal,, : oi. 69 
Ha,;,. W. H.: 66 
J-i av lllOnti formalion: 95 
I·!n;.t! con ::;IOTl\ ~ratt, "and"ton e Icn~ : 22 

f ornm!io;\: 19 
drde,; of confidence: 21 

J'lelcp.rl 1(' r~ian br.,h: ()7 

h"mnlitr.: 19 
Hcntl'lr()u~ e for:nat i on: 6 i, 09 
Hickorl' formal ion : .)7 
Hill ~. John : ]08 
HO:'scheau Cm.,;;ing. P<:co~ I{iv!.'r: 10~ 
Hor,e,;hoe atoll: 1, 7 
Hnd,pc th COlJnty: 19 
Hu~co :\-Io,,"tain;: 78, 80 
HUllrhard. J , \V.: lOR 
Humhl(' Oil & Rdinjllg COlOpany: 15. ,loS 

j\-t~lhodi,t Hom ~ No. B· I : 7:1 
Research Cente:', vnleoma!c!netic "tlldi~" at : 15 
Wea"'T No. ]: 70 

Hunto!) lim l.'$ lone: .'i7. 59. 05. oi-69 

l.A .B. reef: n 
Ideal Quarry memher: 69 
i::;ne r, "~ rock" magnetization of: 15 
ILlr"'" IH: 71l. fl2 
Independence shale: 30 
initial magn l;li,aliotl: 23 
instabililY: 19 
intt'l)!'.lty of magneti:tation in Strn.\\,11 S,f11(lslOlle~ 

29 

in ler· reef ,edimen I:': 50 
il1v':r,e lnaEl\ t tilllliorl of rock,, : 18 
Iowa: 80 
iron ()r~: 26 
irrcgular. compo,ite. and miscellaneous reeL 

c~ lego!')': 4, 7 
jS(lpa.-h map, Siluri a n and Dtvon ian ~lratn: 75 
i,;othermal m.:chRllism of lllaglleti 'lllt(Oll: Hi 
I ves bre"" ia: 69 
hy·A\'oea·G rillin """in reef:7 

.lacobs l.i'e:'tuck Co . No. 3cJ-9R. Wil,hire Oil 
CompallY of Texas : 70 

Jam eson red: 1. 5 
John.-oll ~o . R-I, Texas P"cific Coal & Oil Com­

pnny : I.~ 
Jones COl!nty: 7.8, II 
J OI1~". T. S.: 108 

Ka ,,"as ~h" I f a 1'<:,1: 62 
K~t'l m~ll)),n : 69 
KelT h",ill : 65. 84 

COtllll\': 74 
Ke\\,l~ f:ni.~ wa It: ~2 
key iJc<i:,: :i9 
Kiamichi formation: 49 

pineholl! : 50 
Killcl~rhook "alld~ lone, limestone. Ilu d uc)Jomile: 

59 
Kin;:;, P. B. : 81 
Knox County: Ii, Il 
K(J:i(JlIJ.< k icll" "TI.: 73 

La!" D~voninn, al!~: 69 
."Ilrfnce arId Strh,tli'face distrihlllio~1 ,,[, 76 

latitllde c1l'ICl'Tll ina t ion>: 23 
1;1\' 11 f1o\\'~. Cenozoic: 16 
la,- ~,,, 3 .~ 

L,'onard form;ltiotl: 89 
""a: 100 
~C,.!('~: 63 
linl~: 10.) 

L " II/"NII/: H2 
r.~fJ{owelia :; p.: i3 , 7(1 

j!ahdli/e.< : II I 
l.i nd c. n grl)\r)\: H:l 
linguifllrmi.<. PIJ!yltnmllll.,·: flO 
Ungulapl",/i., "I'.: 73 
Li;lllO uplift arCa: 21. 22. 45_ 65, 69-7'1, 114 
longilude u'.'.rerninlltio". : 23 
Lon"c!al ... .J nlln T .: 15, :l.'i 
Lv"lteliu: 2, 12 
low,',)' Ordovician : 56 
"10 \\,';'-" p(~ l1 n~yh'anian: <JS. 9/, 98 
L",II(1,-ian: 67 

graptol ilt',,: 78 

M l'E 1 1'O,- ·S!at~ ;'\0. 1. Gull O il Corp" .. "lion: 70 
!lIt-Lent;an Counly: 49 
magnel ie field: 16 
lllagl\ctic role lo<:at i nn~: 16 
malTnetic Vl'ctors of-

J;; ,,~ 1t '(Io\\'s l. 2. 3. ,J. 5 : :~7. :le, :~9 . .-10, .j I 
Bell Cu nyon hl1:ma t;'on: :~ci 
B~di1l" 1l\emlr ~ I· . W~llllOrn formal ion : 31 
Burro Me~a ri~heckite rhyolite : 44 
Oahille fo)'mation: :1,1 
nnm "e-coJnred (low hrC'c"ia lin i I: 43 
Pack;~J.lI~ ,ch i~ t : '1-1 -
Poini Peak : 26 
Smithwick formation : 29 
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magnetic "ectol'S of (continued)-
Soledad tuff member, Catahoula fonnulion: 32 
Tule Mountain trochyandesi le: 42 
Valley Spring gnci$S: 45 
W['c!les fo rmation: 33 

magneliWI. remanent: IS, 16 
n)agne.ization-

initial: 2R 
intensity of in Strawn ~and~ l one: 29 
illverse. of rocks: 18 
mechanisms of: 15 
of sedimentary, igneolls. metamorphic rocks : 

15 
remanent: 15 
scattered directions of: 37 
~catlered of sedimen tnry rocks: 26 

magnetizi Ill! field: 15. 16 
NIagnolia Pelrolellm CompallY No. 25-E Wuhon: 

70 
i'l'farathon : 104 

Basin: 81. 84, 87, 93, 1.00 
(olded helt: 87 
lill1e$lOlle: 93 
uplift: 104 

Maravilla,; formal ion : 81 
Marble Falls, Texas: 22, 69 
]Vfal'celilis or Couviniall fallna: 69 
Marfa hasin: 100 
;\'lar8hall Islands, ground·water oh~er\'a ti on s : 10 
Mason Couoty : 69 
Masson, P. H.: 45 
Matador arch : 5 I, 53, 5'~ 

Peaks: 57 
system of foldin g: 55 

Maxwell. Ross A.: 15.35 
mechani~m~ o( ma gnetization: 15 
!VJeramec limestone and dolomite: 60 
1\<[ erkel reef system: 1, 7, 9 
jVfesozoie pole : 15 
metamorphic rOl:k~: 4·5 

m,t!.metization 0[: 15 
Methodis t Home No. B·l, Humble Oil & Refill' 

ing Company: 7.3 
Mid·Continent region: 57 
Middle Pennsylvanian time : 51 
""'1 iddle Silurian clastics": 82 
Midland l)<lsin: 62, 84·, 87, 93 

County: 73, 74, 78 
Midsta tes Oil Company: n 
Miers gas field and /or reef: 7 
Millican reef: 6, 7 
l\ l ilne:;and dome: 51. 5:3 
Mioc.ene age: 24, 26 ' 

lavas: 16 
poles : 28 

?l1ississippian: 87 
age : 57 

shale: 69, 104 
se<luence: 59 
sll'ato , thickness of : 96 
time: 51. 56. 57 

Missouri 1\'101l1l tain formation: 81 
Moffat: 49 
lI1on.ograpill!i vOn/erin/t.l: 78 
l'vlonlgomery No. l·A, Phillips Petroleum Com· 

pan)' and Sinclair Oil and Gas Company: 
104 

I'll ol/.opleu.ra· Tuuclisia zolle: 4·<) 
MO!Hova formation: 93 
Monnon Mills: 22 
Morrow and Atoka/ Ben<1 series: 61-62 

~Iorrow ~eric!;: 57 
lllonnd: 4 
movemellt of pola r areas: 18 
;\·liillel'. K.J.: 66 

New Mexico: 24.51 , 53,82.88 
mountains: 65 
Upoe r Devonian OUlcrop a rea: 80 

New York Slate: 74-
N iagarun a/!e : 65, 78, 82 
Nolan County: i , 9 
North America and Europe, relative movement 

hetween: 16 
North Knox City reef: 6.8 
Northrup No. \, Gilif Oil Corporation: 100 
Nowlin No.2, Rowsey: 74 

Oakville formation : 26 
magnetic vectors of : 34 

Ochoa .<e rie;; : 57 
Ollonlueep/wllls : 74 
O!!llllala (ormation: 57 
Oklahoma: 51. 53, 56, 65,66,80, 81 

Geologica l 511)'\'ey: 66 
Oldham no;;e : 53.62 
Oligocene age: 35 
One.quethow. Onesquethawan: 74, 78 
nnlar and pinchout of !;hale: 49 
Onondagan age: 65, 83 
orange-colored Aow breccia unit: 39 

magnet i<; vecto rs of: 43 
Onlovician: 81 

Lowe.r: 56 
sediments: 51 
time: 57 

Oriskany age and/or beds: 67,78,83 
O""1ge limestone and dolomite: 59 
OI1Bchita-

geosyncline: 81 
-Marathon (olded helt deposits: 80·81 
Mountains: 6<\. 81 

oxidation, degree o£ in Strawn sandstone: 29 
of Edwards formation: 49 
of ferromagne:;illnlllinerals: 24 

Ozark dome: 66 
Mountains: 67,82 
uplift area: 65 

Packsaddle schist , ma~netic "ector!; of : 44-
PlIj!c reef : 6, 8 
pa leogeography. conjectures abollt: 84-85 
paleomagnetic data £01' correlation: IS 
paleomagnetic measurements of Texns ro~ks: 19 
paleomagnetic stl1dies-

at Humble Re,;earch Center: 15 
of red beds: 19 
of sedimentar)' rocks: 19;..34-
of Tertiary volcanics : 35-44 
of Texas rocks: 15-47 

PlIleolltological Laboratory of Midland, fusuline 
determinations by: lOB 

Paleozoic: 57 
poles: 15 

map of: 17 
rocks: 51 
:;tmellll'al elements: 88 
time: 56,57.87 

pole. locations: 16 
Palm(ltolepis perf()buUl: 80 

su.bpe.rlobal(t: 80 
Palo Duro basin : 51 ,53, 55, 57, 62, 63 
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J>aluw formation: 50 
Pan American Petroleum Company No. l ·CS 

Unive.rsity: 104 
PanbandJe: 51-64 

field: 51 
parame ters: 1,5. 12 

quantitative criteria for: 12 
I'atch reefs: 4,8 
PecQ>; COllnly: 89, 104-
penecon tern poraneoll~ efT ee ts: 37 

folds in Sm ithwick formation , plot of: 28 
Penn>l"lv3ni,m: 57 

i\'liddle : 51 
-Permian ,equel1ce: 60-6,3 
reef patterns: 1-13 
rocks. pole locations frOIll: 19 
time: 63 

"Pcntol1l(!foities" sp. : 70 
pcrl(Jb(1/.a, PI!lm(ltl)lepis: 80 
Permian : 57 

age: 24, 57 
hasin : 87 
deposit.,: 00,61 
time : 51 

Philli ps Pet roleum Company No. 1·££ Univl'r· 
sit \"; 104 

and Sinclai r Oil a nd Ga> Company No. 1·A 
J. C. Mon tgomery: 104 

"hysical parameter.,,: 1,5 
Pillar Bluff formation: 74. 83 
pinchollt. Kimnichi "hale=" 50 
Pinetop chert: 81 
pI unar e1ement~: 4S 
plane of foliation: 45 

of schistosi ty: 45 
Pilltyceras sp. : 73 
Ph:C lalfrp(I ;;p.: 70 
P o int Peak member: 21, 23 

magnet ' c I'eriors of: 26 
polar wander ing : 16, 19, 46 
pole Incatiol1s, Camurian: 27 

Carboniferous in England: ) 9 
Penllsylvanian rocks: 19 

poles-
Carboniferous and equator: 25 
lllap of Paleozoic: 17 

of Precambrian: 20 
Me~ozoic. Paleozoic. Preca mbrian: 15 
rl'\iocene: 28 

Polk Creek . hale: f!l 
Polygnlllhll,l /ing!li/ormis: 80 
pO$t·IHhifica tion processes; 50 
post·Permian sequ ence: 63 
po.<t·WoIfcamp history : 106 

Permian: 61. 63 
Precambrian ha,emcnt: 54.55, 89 

polc.<: 15 
loca tions: 19, 20 

surface: 57 
pre·Pennsylvanian sequence: 57-60 
Presidio County: 100 
pre·Woodford history: 89-95 
ProelUs ~Jl. : 70 
PrV/.oze ligu/ Cycluspiru sp.: 70 
Puckett field : 89 
pyroclastic rocks and lavas: 35 

Quaternary age: 63 
alluvium: 57 

range .. hart. Dc-\"ollian and Silurian genera : 77 
Readr Pay equivalent : 80 
recrystallization: 50 
recumbent pcnccontemporllncons fold$ of silt· 

s tone in Smithwick s ha lt: 22 
red heds: 81 

pal eomagnetic ~tlldie~: 19 
r·cd·hed sequt'nce, Hazel fMlllation : 19 
Red Ri"er : 49 

arch: 51.53 
reef-

calegories: 4 
complex: 49, 50 
core: 49 . 
criteria for recognition: 4-
definition: 2.4 
Jluratlleter~: 12 
patterns: 1·1:'1 

Reeves COUllty: 100 
rr,magnetizali~n: 16, 2'l 
relllDlle n I mug neti$llI: 15. 16 

measurements, corre.\alion aid: 39 
st.ability of: 22 
t e~ls for determining s tuhility: 19 

remanent magneti zat ion : IS. 16 
Rhines ll'eet fauna: 80 
Rhyochotreta sp. : 70 
ridge reef",: 4 
riehec:kitc rhyolite: .38, .39 

flow: 35 
malrnctic "ector, of: 44 

Rocky MOllJlta:n (Canadian ) Devonian ~eciioll: 
80 

Rocky ~vJo\ll\taill~. we~t Texa~ ; 57 
Roscoe; 7 -
RnwlIll & Hope and Rowan & Hope Northwest 

reef<' I 9 
Round T-~p ;'eef: I. 8, 10 
Rowse\' No.2 Nowlin: i4-
nrtlis ti d hiohermal and hiostromal reefs : 49 
r1Hli~t:ds: 49. 50 
RlInll~l$ COllnty: 7, 9 

Sacramento Mountains: 80 
samt)le lo ~a t;olls. Big Bend Natiollal Park: 36 
San Andres (Blaine ) formation. contour map of 

hase 01: 61 
sandstone. gl auconiti c : 26 

lens, Hazel conglomerate: 22 
lenses : 19 

SClltlered direction. of mag·netization; :37 
~cattere_d mat::l(et izlltion of ~edimcnt ar\' rocks: 26 
:;chistosi ty , plane of: il5 . 
Schleicher County : 6, 7, 8 
Schmidt net plot : 26 
Schoharie age : i 8 

(ormation: 74 
Schuchp.ft. Charles: 8t 
sec.ular deviations: 16 
~cdill\entary rocks>--

maglletj~ation of: 15 
paleomagrletic studies : 19-34 
scattered magnetization of: 26 

Sha~kelford COli nty : 7 
Slreffie.ld channel: 106 
shell debris: 50 
Shell Oil COlllpany CIa)' No. I: 70 

Uni"ersit)' No. B·2, No. ])·2, No. £·3 : i3 
Sierra Grande uplift: 51 , 53, 62 
silicification: 50 
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siltstone: 21 
(old" in Smithwick shale: n 

Siluriao : 59 
'lge: 57. 65 
fossils: 70 
Uppe r, gruptolites: 83 

Siluri an and Devonian-
correlat ion chart : 6B 
depositional cdges of ~trata: 79 
isopach lnap of strain : 75 
range chart of genera: 77 

Siluro-f)evonian fa unal " orrelution~: 65 
lithic units : 74 

Simpson age: R4 
grnllp: 9.3 
shale and limeslone: 59 

Sinclair Oil and Gas Compun)' and Phillips 
Petro leum Company No_ I-A .I . C. j\'(onl ­
gomery: \04 

Slick-Urschel Oil Company No. I Mary Decie : 93 
Sly Gap formation: 80 
Smithwick formation , magnetic vectors of: 28,29 

,iltstone fold~ in shale: 22 
Soledad tllff memher_ Cataholiin formation: 24 

lIlagnct 'c vectors of; 32 
.<ollltion: 50 
Springer se ries : 57 
s tahility: 19,26 

of remanent Illagnet ism : 22 
Stamford reef: 6 
Stanolind Oil ano Gas Company No. 1 Conry-

I)a\'i~ Uni I : 104 
St. Clair limestone and/ or formation : 69. 82 
S tcgerhYTl-CIIs: 78 . 
st rat igraphy, Panhand le area : 57-63 
Strawn/Del.; i\'loines series : 61. 62 
S trawn- ' 

oxidation of sa nds tone: 24-
ser ie,;: 60 
time: 56. 57. 62 

Stribling lime~to))e a nd cheri: 74 
Suingocephall(,< beds : 83 
structl1re. Panhandle area: 53- 56 
.<u.bperlobo/(l, Palmatolepis: 80 
surface and $uhSlIrface distribution. Late De-

vonian s trata: 76 . 
Sutton County: 7 
Sweetwater: '7 
Sylvan ~hale: 59 
Srnphoroides S(lJl . : 73,78 

table reefs: 4 
Taylor County : 1,7, 9, )0 
lectoni~m , conjectures abollt: 84-85 
temperature: 16 
Tennessee : 67,74,81 
Terrell County : 100 
rertiary-

age : 63 
" caprock": 5 1 
sequence: 35 
volcanics: 15 

paleomagnetic ~tudics of: 35--44 
Tesnus fo rmation: 95 
Texas arch: 84 
Texas craton: 65,69,84-
Texas Gulf Coast : 28 
Texa; Pacific Coal & Oil Company No_ B-1 

Johnson: 73 

T exas Peninsula: 51. 56, 57 
"The Devon ian": 93 -
TOl>05lt basin: 74. 93 
TOllcasia and Monopleuflt zone: 49 
Irachyande~ile Ao",: 35 
Trans·Pecos Texas: 74,78,80,81 

mountains: 65 
Triussic a:?;e: 63 

rocks: 51 , 57 
Triplesia 5p_: 70,82 
Till e Moun tain trachyandesite: 37 

ma!(ne ti c Yeetors of: 42 
Tyler-ha~in and /or lagoon: 50 

Ul"og_ Carl : 108 
nncoi.formit),: 65, 67, 82 

evi dence for: 4·9 
Union Oil Company of California No. 1-10 Culp: 

70 
Unil'cr&it)' No_ l -C5, Pan American P e troleum 

Company: 104 
No_ l-EE, Phillips Petrolcum Company : 104 
No_ 9-CE-C-1. Atlantic Refining Company: 70 
No. B-2, No_ 0-2, No. E-;!, Shell Oil Company : 

7.~ 

IIn~table magnetizations: 23 
IIns table ~amples: 37 
Upper Cambrian age : 57 
Upper and / or Late Del'onion: 67, 69 

OlltCrop area in New Mexico and west Texas : 
80 

Upper Ordol'iciall: 59 
""pper" Pennsylvanian : 97,99 
Uppcr Permian: 63 
Upper Silurian graptolites : 83 
Ul'l.on COllnty: 70,74, 78 

Valley Spring gneiss: 45 
ma!;netic vectors of : 45 

Val Verde Coun ty: 100 
geosyncline: 87 

Vertrees, C. D_ : 108 
Viola limestone: 59 
volcanic seqllence~, correlation of: 46 

by rcmanent magnetism measllrement~: 39 
volcanir", T ert iary : 35-44-
'Vum erinu", M on ograplIL, : 78 

Waldschmidt, W_ A_ : 108 
Walnut formation: 49,50 
Walton No. 25·E, Magnolia Petroleum Company: 

70 
Ward County: 74 
Weaver No. I , Hnmble Oil & Refining Company: 

70 
Weches formation: 26 

magnetic vectors of: 33 
Wellborn formation: 24, :31 
West-Central Texas, reef patterns : 1-13 
\\'e~1 Texas basin: 65, 74--80 

Upper Devonian outcrop area: 80 
Whitehorse g roup: 57 
TI'I hi tfieldell(J: 78 
Wichita-Criner Hills: 69 
Wichita Mountains: 5t, 53, 55 
Wilberns formation : 21, 2:~ 
Williams_ Harold: 108 
Williamson County : 84 
WiJli~ton basin: 83 
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Wil,hire Oil CompaHv of TI:"~~ No. :1~-98 J neob, 
Li\e~toek Co.: 10 

WilslJlldlt:z: 7f! 
Winkler County: 74, 
\'\'irtz Dam ,i nk: 69 
Woifcamp-

history : 95-104 

," e ri~s: 61 . 6:3 
time: .'iI, 63.1l7 

Woodford fO I'maliofl: 65. 67, 69, HI, fl9, <}cJ. 
hi$lI)ry : 95-10:' 

>lIrface awl "~lb;;"r£acc di,t ri]"'tion of ~tl'a tn: 7n 

Ze"ch lI 11il: 69 




