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EXPLORATORY GEOLOGY OF A PART OF 
SOUTHWESTERN TRANS-PECOS TEXAS' 

IlY CJ[,\]U,ES LAURENCE BAKER 

I NTRODUc'rlON 

The present bull etin completes the work of preliminary 
exploration of the mountain region of Trans·Pecos Texas 
begun twenty year:. gincc by the University of Texas 
Mineral Survey and completed by the University of Texas 
Bureau of Economic Geology. The region' t reated in the 
present paper is bounded on the north by the line of the 
TeX<l8 & Puc.;ific Railway, on the west by the Malone Moun­
tains, on the southwest by the Rio Grande, and on the east 
practically uy the line 104" 30' we:~t longitude. The field 
work \VMS done at the rate of auout thirty-five squa re miles 
pel" day . Much of the mapping was schematic and thick­
nesse:.; of rock sections WC1"C e.:; timated. The structure 
proved to oe complicated and only tl!e main structura l fea­
tures were detcrmined. Tnc main new I'esults of the pres­
ent work :l.re four: 

1. The determilH~tion of the probable Permian age of 
the gypsum beels of the M'l!OllC l"[otlntains. 

2. The cias.sificatioll in a generAl way of the Comanchean 
sediments, a work very greatly aided by the fossi l deter­
minations of Professor W. l\f. Winton. 

3. The discovery of complicated sh'ucture in the 
Quitman and Eagle mountains, with overturning and over­
thrusting of stmta. 

4. The assignment of the epoch of this intense deforma­
t ion to Cretaceom; time later than Taylor and before the 
final disappearance of CrctaceOlls dinosaurs. 

lMnnu!'.cl'ipt suumittcfl Septemuer, 1922; published October, 
1927. 
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REVIEW OF PREVIOUS EXPLORATIONS 

The northwestern part of this region was first geologically 
explored by W. H. von Streeruwitz," who entered the region 
in 1878. He visited t he region at various times during a 
period of thirty years or more and no man has surpassed 
him in knowledge of the mineral deposits of the region. 
J. A. Taff was a member of von Streeruwitz's party in 1890 
and publi shed his res ults in 1891.'1 F. W. Cragin studied 
the Malone Mountains in I Sn7 and publi shed a report in 
1905.1 T. W. Stanton in 1897 and 189!) studied an area 
from the Finlay Mountains on the north to w!lere the Rio 
Grande cuts through t he Quitman Mountains on the south 
and from the western foothill s of the Malone and Quitman 
mountains on the west to Devil's Ridge and t he Eagle Moun· 
tain on the east. His observations were in cl uded in Cragin's 
paper.~ With one exception Stanton identified correctly the 
beds which he saw south of the Southern Pacific Railroad, 
but he erred in referring the Cretaceous sediments of the 
Finlay Mountains to the Fredericksburg for their true po. 
sit ion is Trinity. This error waR repeated by George B. 
Richardson in 1904.° 

T. W. Vaughan and T. VI. Stanton visited together the 
San Carlos region in 1895. Vaughan publi shed his obscrva· 
ti ons shortly afterward .' Dr. J . A. Udden studied the San 

"Streeruwitz, ,V. H. von, Geology of Trans·Pecos Texas. Gw l. SUl'v. 
Texas, 1st Ann. Rept., pp. 217-235, 1890; 2d Ann. Rept., pp. 665-7 13, 
1891; 3d Ann. Rept., pp. 381-389, 1892; 4th Ann. Rept., Ilt. 1, pp. 139-
175, I S!la. 

3Ta ff. J . A., The Cretaceous Deposits of El Paso County. Geo!. 
Surv. Tex as, 2d Ann. Rept., pp. 714-7:18. IS!ll, 

.Cragin, F . W., Paleontology of the Malone Jurassic Formations of 
Texas. U. S. GeG\. Surv. Bull. 266, I!105. 

OStanton, T. W., Stratigraphic Notes on Malon(; Mountains and the 
SUl'!'Ounding Region near Sie l'ra Blanca, Texas. U. S. Ceo\. Surv. 
Bull. 266, pp. 23-33, 1905. 

GRichardscn, C. B., Report of a Reconnni!!'Sance in Trans·Pecos 
Texas, North of the Texas & Pacific Railway. Univ. Tcxas Min. 
Surv. Bull. 9, 1!l04. 

1Vaughan, T. W., Rcconnaiss.nncc in the Rio Grande Coal F ields of 
T exas. U. S. Geo!. Surv. Bull. ]64, pp. 1-88, 1900. 
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Carlos coal field in ]913 and the writer has incorporated 
some details from his mHp.~ The on ly geologic mHp of the 
region heretofore published was made by J. A. Udden and 
Benjamin F. Hill." 

STRATIGRAPHY 

PRE-CA:MBRIAN 

CAHIU7.0 SCHIST 

There are foul' exposurcs of P re-Cambrian rocks within 
the area mapped. The Pre-Cambrian consists of the Carrizo 
schist in places intruded by pegmatites, quartz veins, grani­
toid, and basic rocks. 

One exposure is in the northeast front scarp of Eagle 
Mountain, south of Hot Wells station on the Southern 
Pacific. The rocks hcre are quartz and am phiboli te schists, 
quartzites, cherts, and a very basic durk g reen int rusive, 
These rocks are cut by quar tz veins, one of which has been 
prospected fol' the copper minerals which it contains. The 
amphibolite schists stl'ike N 70° E and dip steeply S-SE. 

North and northeast of Dalbel'g section house the sch ists 
are exposed along Bass Canon. There are mica-schists, 
quartz-schists, ch lorite-and epidote-schistl'! with lenses and 
veins of quartz and dikes of dark green basic intrusives, 
Some of the schistl'! conta in garnets, The strike is north­
west to north-northwest. 

At the west base of the Wiley Mountains there are knotted 
schists of pink color, composed of orthoclase and quartz, 
light pink quartz-muscovite-schist, quar tz-biotite-ml1scovite­
schist, chlorite-schist, and amphibolite-schist, with quartz 
veins and lenses. The strike is nearly east-west anrl the (lip 
20 to 30 degrees so uth. 

The Pre-Cambrian is exposed in the heart of a small 
faulted domical area on the northwest side of the Van Horn 

SUdden, J. A ., Unpublished Mal), 1913. 
9Udrlcn, J. A. und Hill , B. F., Geologic Map of u Portion of West 

Texas. Ulliv. Texas Min. SUl'v., 1904. 
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Mountains. This is the Mien Tanks or Mica Mine locality, 
celebrated fo r its rather exceptional variety of pegmatites. 
There is some light pink orthoclase-muscovite-granite with 
sheared structu re hut most of the rocks exposed are quartz­
schists, muscovite-sch ists, biotite-schists, quartz-mica­
schists, garnet-schists. biotite-muscovite-schists, chlorite­
schists, and hornblcnde-sch h;lR . In the latter, some speci­
mens show hornblende altered to epidote. The predominant 
rock is a finely-foli2.ted aggregate of muscovite and flesh­
colored or white felds par. At the nor th the banding 
runs in a general norih-soulh direction, hut ft set of promi­
nent joints dips steeply Houthward to southwestward and 
gives the rocl< from the west the appearance of a steeply­
dipp ing, he.wy-bedded, reddi sh-hl'own sedimentary, In the 
sout hei'n part of the area the schist band ing dips south. 
southwest, At the extreme south eml the hands strike north 
and dip 60 degrees caRt. The ave l'age general dip appears 
to be east. 

There is great profusion of pegmatite, graphic granite. 
and quartz dikes, Some of the pegmat ite veins are more 
than 100 feet wide. The vein quartz is mostly milky-white 
and 1'lu bordinatcly transparent. The texture of the peg­
matites vaJ'i es from onlimll'Y graph ic granite, an intimate 
intergmwth of feldspar and qunrtz, to crystals of f eldspar 
and mica a foot or more in size. The feldspar varies in 
shade from flesh color to pearly-white. The micas are mu~­

covite, hiotite, and a relatively sma ll amount of phlogopite. 
Biotite is sometimes aggregated in lenses. One locality con­
tains large tabular masses of black tourmaline, Cl'ystnlline 
hematite iR found spnringly. 

UPPER CAMBRlAN(!) 

VAN HORN SANDST01\ !> 

Remnants of the Van Horn sandstone. as mapped by 
Ri chardRon in the Van H01'n folio,' o are found ly ing between 

'~Richard!;nn, G. B. U. S. G€ol. Surl'. Geol. AtiaR, Van Horn fol io 
(No. 194), 1914. 
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Pre-Cambrian and Permian in the Bass Canon region north 
of Datberg !;;ection house, in the lower western slopes of the 
Wiley Mountains, ann southwegt of the Mica :Mine Ileal' the 
western fool of the Van Horn l\Jountains. 

In the Bass Cm10n locality there are vcry dRl'k pUl'pli~h­
)'ed micaceous sandstone and conglomerate of angular schist 
and quartz. The maximum thickness is not over 2~0 feet. 
A few feet of the red mic(lceoll:{ sandstone ocellI'S in small 
l'emnanls on top of the Carrizo sch ists of the Wiley Moun­
tains. There is one exposure not over 150 feel thick of red 
and green very micaceous arkoses neal' the southeast corner 
of the Pre-Cambrian area on the west side of the Vun Horn 
Mountains. 

PERMIAN 

It is probable lh~\t the Pel'mian sea covered the entire 
area but subsequent ea r th movements and erm,ion have 
exposed Permian rocks at the su d ace on ly in the great dome 
of the Wiley, Diablo, Eagle and Van Horn mountains in the 
north, in the intrusive uplift of Chinati Mountains Ht the 
south, and in the Malone Mountains al the extreme north­
west. There is only a relatively small amount of detrital 
material in the Perm inn and that at its base. The bulk of 
t he sediments are limestones, implying clear waters, con­
side l'able di"tance f rom lanrl areas, and a basement topog­
raphy of low relief. 

The lower strata are exposed only in the great northern 
dome. On the south ~ide of RMS Canon the foll owing baRal 
beds rest on the Van Horn sandstone, in descending order: 

1. T,im('!;tonc, ul'ually merlium-bendecl blue-gJ'ey, weathcrin~ 
dov(:!-color, sucC('(!rleoJ by hcnvier-bedded, butr-weathel'ing, 
bluc_g'l'ey gmcstone fnrming clifTs. 

2. Limestone, thin-hedded, grey .......... _. ._........ 6 
3. Limc~tone. thill-bedded nodulul'. hrownish-yellow r; 
4. Snn(\!;tonc, sh ul y-bedded. micaceous, limy ... _._ ... __ .... 5 
5. Saml~tone. il'l'egulJ\\'-lmnded, rcd anri grey.. .... 20 
6. Sandstone, grey, coarse, conglomeratic, lying unevcnly on 

(7) .............. .•.. _ ...... _ ... .... ........... ._ ........................... __ .... 8 
7. Van Horn dark purple sandslone. 
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Here, us elsewhere, the basal beds derived their detritus 
from the immediate vici nity. Only a few feet of arkoses 
and sandstone are found in t he base of the Permian in the 
Van Horn and Wiley mountains. 

The lower g reat Iimestune member of the EagIe, Van 
Horn, and Wiley mountaills, .and in the Bass CaHan region 
is everywhere characterized by numerous echinoid spines 
and plates. This limestone is of dark bIlle-grey color and is 
medium-bedded. Northeast of Eagle SpI'jng the fauna con­
sists of Del'b!lCl., P rociuctu8, Bclfcl'ophon, 01tt1Jhaloh'ochw;, 
PUfjnax, Compo.'lita, Sc/iu;ugerina, and F usulina elo'fl,fJata. 
About the same aSRcmblage of fossils, generally silicified, 
occurs in the other locnlit ics. The full thickne~s of t his 
limestone is perhaps about 1000 feet. It is overlain in the 
eaRt slopes of the Wiley Mountains by a very much lighter 
grey limestone, weathering almost creamy with some ligh t 
brow n chert and a few fossils, ,-lmong them Fusulina 
elon,qata, sponges, Product/lH, H w;tedia, and n coarse-ribbed 
Sp'irifer, Dr, Beede has noted this same Spirif(w in the 
Permian west of the J oncs Ranch House on t he east side of 
Salt F lat, south of Seven Heart Gap, and in BI'ackett Draw, 
east of the edge of the northern Diablo Plateau, lI This lime­
stone contains some small quartz pebbles in a small isolated 
expOSl1l'e south of the southeast end of the Wiley Mountains, 

Supposedly higher Permian, perhaps belonging to t he 
Word formation, is ex posed in a great anticline and faulted 
into cont.act with Comanchean on the west side, along Pin to 
Cai'ion at the north base of the Chinati Mountains, The 
highest beds expmled are dark blue-grey, medium-to-th in­
bedded limestones, black shales and nooular and bedded 
black chert, These beds. about 200 feet in t hi ckness, are 
very bituminous and have large Fwmlina elongaiu, a ~mall 

F wwliJw, and large Oml)nalotl'ochlls , 'T'he limestone and 
shales are often coal black from the bitumen, Lm'ge ellip­
tical clay-ironstone conel'etion~ oeCl1l' in the shales , The 

"Beede, J, W" NoteI' on the Geologoy ancl Oil Po!\ ~ ibilitiel< or the 
Northern Dinblo Plateau in Texa:<, Univ, Texas Bull, 11l52, p, 24. 
1920, 
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middle member is thin~bedded black cher t with some thin 
limy shales, limestones, and bl'o'''nish sandstones aggl'egat· 
jng about 250 or 300 feet in thickness and weathering rusty· 
bro,vn. The lower member, perhaps 400 feet t hick, consists 
of vcry dark bL'own to black thin-bedded muscovitic sand­
stone intercalated with sandy shales. 

Thc gypsum beds of the Malone Mountains, long consid­
ered Jurassic, are proved to be Permian by the discovery in 
the limestone overlying the gypsum one-haH mile north­
northeast of Torcer (formerly Malone station) of the char­
acteristic Permian fossil Richthofenia. Membcrs (3) to 
(5) of Stanton's'" main Malone section and members (18) 
to (21) of TafT's sedion l.l aL-e adjudged Permian. So far 
as known, the Permian of the Malone Mountains consists 
only of interbedded limestone and gypsum . The gypsum is 
now being quarried at Gypsum (Briggs) Switch at t he 
northwest end of the moun tains. It is found also in the 
anticline, for the mogt part overturned, in the valley south­
west of the main northeast L'idge, also from one-half 
mile to one mile northeast of Torccl' railroad station , and 
at the sOllthcastel'llmost extremity of the mountains at the 
foot of the main ridge. '·' 

SUMMARY OF MESOZOIC STRATIGRAPHY 

There cun be no reasonable doubt that the Malone beds 
contain strata of both Upper Jurassic and pre-Trinity Cl"e­
taceous (LoweL' Neocomjan) age. "The predominant forms 
of lduceras are certainly middle Kimmeridge, while the 

12Stunton, T. W., Stratigraphic Notes on Malone Mountain and the 
SUI'l'oumling Region ncar Sierra Blanca, Texas. U. S. Gwl. SUI·V. 
Bull. 2GG, p. 25, 1905. 

l JTaff, J. A., The Cretaceous Deposits of E! Paso County, Texas. 
Geo\. Sun'. Texas, 2d AJln. Rept., p. 723, 1891. 

' .IT he Torcer locality was visited early in 1927 by Dr. J. W. Baede 
and the writer and about 15 PCl'mi an species, including ammonoids, 
were collected. Gypsum lies behveen limestone strata, but either over­
turning 01- uverth l' u~ting is WlIpccted. 



12 University of T exaH Bulletin 

'Olcf)steplu'I1t11s' (Lithacoccras ) and 'Aspicl(JcCl'a.~' (Sima­
Rpidoce ras 1) may well be of the same age or Upper Kim­
meridge. The doubtful 'Pe-I'i,'1pitinctcs aynilcmi' only could 
be a little later, possibly even H Tithonion (Portland ) ]{oss­
matia (pl'01wr zone of the Somaliland zones ) ." 1.', Dr. Kitchin 
in the pape l' ju~t cited cons iders the Tn'gonias and Ptycho­
ntya of Cragin ';.; "Theta" subdivision as undoubtedly Lower 
Cretaceous not older t han Valangin ian. Also t he ,4.';tie-l'ia 
found lately by t he writer in the Malone is appa rently of 
the H;tU terivian-V<-llanginian stuge of the Lower Cretaceous. 
It is therefore probable that the Malone beds comprise the 
same conformable sequence from Kim meridge Upper Juras· 
sic to the base of the Trinity Cretaceous which the writer 
has fou nd in numerous places in nor theastem Mexico. 

The ]!'lalone ued~ consist of conglomerates, sandstones, 
sha les, marls and limestones. Thicknesscs cannot be given 
until very detailed pa!eontologic and stJ'atigraphic work has 
been done. 

The Trinity s trata of this nrea helong to a near·shore 
mainly marine facies comparable in t hickness and character 
to that found in southeastern Arizona and northeastern 
Sonora. The Etholcn conglomerate or Camp<lgrande for· 
mation is the lowest group of the T1"illity found unconform· 
ably overlying the Permian and older roch, although it 
possibly may not be the oldest Tl"illi ty in the Malone Moun· 
ta ins. 

The tops of the Etholen and the next succeeding forma­
ti on , the Cox sandstone, cannot be drawn with exactitude 
:-;ince they in tergrade into higher beds. There is a thick· 
ness of at least more than 1900 f eet of the two in the north­
ern Eagle Mountains. There is at least 250 feet of con­
glomerate alone in t he Etholen on the north flank of the 
Qui lm,:\n Mountain:;. NOI·th of the Chi nati Mounta ins there 
is 600 feet of Lower Cretaceous with Trini ty fossils at the 
to p. There is 1500 feet of Cox sandstone in t he eastern 

1" Dr. L. F. Spath on p. 458 ()f Kilchin, F. I ..• the So-called l\'lalone 
Jurassic Formation of Texas. GC()!. Mag., Vol. LXIII, pp. 4ti4-469. 
1926. 
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Van Hom Mountains and about 2000 feet on the southwest 
flank of the southern Quitman !\-'lountain~, Both the 
Etholen and the Cox formations contain beds of limestone, 
sandstone, shale, marl and conglomerate. 

The uppermost formation of the Trinity group is t he 
Finlay limestone. It is much thinner in the Van Horn 
l\1Olmtains than elsewhere, and not over 400 feet in total 
thicknes~, and probably reaches its greatest thickness in 
the southern Quitman~ where it is pl'obably not less than 
1500 feet thick. The Finlay is not all limestone but con­
tain$ some intel'betlded sandstone and shale. 

The maximum thickness of the TdniLy group is prob­
ably more than 3500 feet, which so far as known is the 
greatest thickness in TexaR, 

The \Val11ut Clay iR not over ]00 feet in thickness and is 
composed of grey marls, nodular limestone and an upper 
sandstone. 

The Comanche Peal{ and Edwards are limestones with 
some marls and clays , The Edwards is but 25 feet thick 
in the northern V~m Horn Mountains. ou t t hi ckens farther 
Routh. 

The Washita of the northwest part of the area consi.:lts of 
Rhore line deposits much like in northeastern Texas. The 
strata consh;t of limestones, RanrlstoneR, marlR and shales 
of variable thickne~s. Thcre would appear to be from 
500 to 800 feet of Georgetown limestone, mal'iy limestone, 
maris, shales and locally at JeaRt a basal sandstone, which 
may be upper Fredericksburg. The Del Rio is about 300 
feet thick and made up o( sand. clayey limestone and clay. 
The BlIda is limestone anrl 30 feet in thi ckness. 

The maximum thick ness of the Lower CretaceouR is 
probably grcatel' than 5000 feet . 

The Upper Cretaceous (Eagle Ford, Austin and Taylor) 
thickens southward to the Rio Grande where it proba bly 
attains at least 3000 feet. The sb'ata are clays, shales. and 
flaggy limestones in the Eagle Ford and Austin and mainly 
clays, sandstoneR and coal in the Taylor. The Austin of 
this area contains no chalk and the Taylol' is more sandy 
than anywhere else in Texas except in t he Rig Bend region. 
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JURASSIC 

MALON.!:: BEDS 

The main or northeastern ridge of the Malone Mountains 
is a syncline overtu rned on the southwest flank. On the 
northeast limb of this syncline on its southeast end near 
the gypsum exposu re an overthrust to the northeast is 
seen near the foot of the r idge. The axis of the overturned 
syncline lies generally along the summit ridge. The valley 
to the southwest of this ridge is occupied by an anticline 
overturned to the northeast. The northwestern part of 
the mountain mass, on the southwest side of the over-turned 
anticlinal valley is anticlinal, the main structure plunging 
southeastward. The main anticlinal axis here passes near 
the gypsum quarry Just south of Gypsum or Briggs Spur 
on the railroad. 

There i.;; considerable minor. crumpling, perhaps the con­
sequence of overthrusting, at the sou theaste rn end of the 
main northeastern ri dge. Here t he Permian gypsum, occu­
pying pal'tiy the flat between the southeastern end ~f the 
ridge and the Qui tman intrusive mass and partly t he lower­
most foothills of the southeastel'n cnd of the Malone :Moun­
ta ins, iR overlain by a heavy limestone and chert conglomer­
ate with brown cher t as part of the matrix cementing ma­
terials , Boulders in t hc conglomerate are as large as 8 
inches diameter. Two of the limestone boulders contained 
FlIslIlina elonguta . This conglomerate is apparently the 
basal bed of the Jurassic. Abo\'e come mainly limestones 
with some. conglomerates and brown sandstones; the lime­
stone locally contain cher t pebbles, The gypsum here is 
apparenlly overlain on its eastern side with a southwest­
ward-dipping brown sandstone with brecciated pebbles 
upon which rests a blue limestone. 

At the northwest end of the mountains near Gypsum 
(Briggs) Spur the gypsum is overlain by about two hun­
dred feet of conglomerate and light brown conglomeratic 
sandstone. The pebbles are well water-worn and consist of 
limestone and chel't, Serpulid borings were noted near the 
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base. Next upward in the section comes dark grey fossilif­
erous limestone wi th interbeds of ligh t brown conglomeratic 
and quartzose sandstone, the pebbles of wh ich ure quartz 
and chert.lo 

The northeast mai n ridge of t he mountains exhibits a 
section of 1800 feet of strata according to Tuff and of 1000 
feet according to Stanton. The interbedded gypsum and 
limestones are not included in these thicknesses. Both sec­
tions were made nea r the middle of the ridge. The strata 
are limestones with several beels of conglomerate and a 
subordinate amount of shales. There is a noteworthy con­
glomerate with quar tz ite and chert pebbles 40 feet in thick­
ness outcropping on either side of the overturned A.c;tie1'i a 
:-;yncline of the summit ridge. 'I'his is overlain by about 100 
feet of blue limestone wh ich i" the highest bed at that 
locality. 

The fossi ls described by Cl'agin lT were found in low hills 
outside of this area on the north side of the railroad. Bose 
r efers two oC t he fossils of Cragin's Theta subdivision to 
the pre-Tl'inity Cretaceous. ls The base of Cragin's Kappa 
limestone is a pisolitic-like member, No.9 of Tuff's Malone 
section, which occurs 275 fee t below the top of his section. l~ 
The writer found the Finlay limestone member of the Trin­
ity in the southward plunging anticline two miles southwest 
of Finlay station. 

LOWER CRET ACEOUS 

ETJlOI.EN CONGT.QMF.ltAT E 

The Etholen conglomerate, wherever its base has been 
seen, rests unconformably on Permian limestone. The con-

If'The \\'Titer early in 1927 found an A :;tien'a in t he sandstone near 
the top ot: the rid~t! ~outh of the r;ypsum Spur. T his indicfltes the 
Hauterivian-Valanginian prc_Trinity Cretaccous age of lhe sandstone, 

"Crag;n, F. \V., Palconlolog-y of the M:.Ilone Jurassic Fot'mution of 
Tcxas. U. S. Gcol. Surv, Bull. 266, p. 13, 1905. 

I'Sec also K itchin, F, L., T he So-clilled Malone Jurassic Formation 
in Texas, Geol. Mag-., Lond(>ll, Vol. LXIII , pp, 454-469, October, 1926. 

1" 1'aff, J . A" Cret:!c(.'Qus Deposit s of EI Paso, Texas. Geol. Surv. 
Texas, 2d Ann. RepL, 1). 723, 1891. 
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glomerate was "found by Taff"U in the Etholen Knobs just 
northwest of Etholen section hOll.se and in nearby small hills 
south of the ntilwaYt in the small hill at the south base of 
Sierra Blanca peak, in the clump of hills one and one- fourth 
miles south of Etholen, the :;mall hill three-eighths of a mile 
east of EthoJen, on the flank of Quitman Mountaim. at the 
south side of Big Spring Gulch, on the east side of Devil 
Ridge and on the northwest side of Eagle Mount-nin south of 
Judge Love's ranch house. The writer also includes in it 
the lower Trinity conglomerates at Eagle Spring and fmuth 
of Hot Wells stAtion in the northeastern part of Eagle 
Mountain as well as the lowest Cretaceous beds exposed in 
the northern Van Horn Mountain);. The Etholen conglom­
erate is probably the same as the Cnmpagrande formation 
of Ri chardson the baf>al bed$ of which on the north ~ ide of 
Fin lay Mountains contain similar conglomerates, although 
not [';0 thick.zl 

The following section of the Etholen conglomerate here 
arranged in descending order was measured at Eagle 
Spring: 

Feet 
1. Snndstone, brown with three thin beds of limestone with 

a sill just above the highest limestone_._ ....... __ 150 
2. Sandstone, eonl'se, brown 65 
3. Limestone, gorey, finely el'ystnlli nc ....... _ 2.5 
4. Sandstone, brown, hard . _. . ..... ___ .. .. 40 
5. Sill .... ._........ . ... .... 10 
G. Sandstone, light brown, large 7'w-ril.cllu, cut by dike; 

upper part contains some clays and Hmestones . ___ ....... 80 
7. Limestone, massive, blue·grey, weathering light brown, 

rich in foraminifera .... _ ...... , ............ , .................... 40 
8. Limestone, mnrly .- 10 
9. Sandstone, brown, lower half conglomeratic and with n 

!'Oil! j upper haH: contains some interbedded limestones ..... 75 
10. Limestone, blue-grey, lenticular .............. . ._.. 0--10 
11 . Sandstone, brown, medium·bedded _ ............ ........ _ ..... .-_ 50 

~uTnff', J. A., Cretaceous Deposits of El Paso County, Texlli'l". Geol. 
Surv. Texas, 2(1 Ann . Rept., p_ 723, IS!)l. 

~IRichardson, G. B., Report of a Reconnaissance in Tran s·Pecos 
Texas. Univ. Texns. Min. SUl'v. Bull. 9, p. 47, 1!J04. 
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Feet 
12. l,imestone, very light in color, fine-,I;!Tained and geodie .. 15 
13. Mudstone nnd shale, dark reddish-b rown !i!i 
14. Sandstone, light brown, friuble, fine-grained 5 
15. Conglomerule with !ine limestone pebbles ... 3 
16. Mudstone and shalc, dark reddish-brown, cut by igneous 

str:nj..'er __ 20 
17. Limestone and sh ll!e interbedded, brown, sandy . H; 
18. Sundstone, brown inegullir-bedllcd, culcul'eous 
19. ConglomerateS' of course limestone, cher t, unt! quart:.:, 

and culcal'eous brown conglomeratic sandstOlles. Cut 

23 

by dike striking N. _ .. . , .. . , ... _ .• "_,, 
20. Clays, brown, limy and sanily, thinly laminnter] 

Sill, light-colored 21. 

15 
10 

, 0-20 
22. Sand!>tone, light. grey-bl'own, cul hy dike runnin;:t lIear ly 

E - W 25-:10 
23. Limestone, liJ.l:ht hlue-grey 
24 . Sill, very light-colored, aphanitic .... .. _ _ ....... . . .... __ 50 
25. Lim('stone, light bluc-J.l:rcy, ('her ty nt tflp ;\0 
26. Sandstone, CO:I1'SC, greyish-brown, cut by cream-colored 

aphunitic dike ..... __ ...... .. . .... _ ........ _ .. 3-5 
27. Sandstone, conglomeratic, brown, hard, small vcbb!es of 

limestone, chert, and quarl7. 2 
28. Limestone, earthy and marly, blue-grey, weathering 

brown, with fossil CBb'tS 20 
30, Intrusive sill, extremely light J.l:rey, wealher;ng brOW1) ~O 

31. Lower Permi:m limestone, 

One-half mile to the east the lowest bed contained Poro­
cysUs prunif(wrnis, a characteri stic T ri nity fossi l. 

The section contains relatively little conglomerate, as do 
all t he exposure;;; noterl in the easter n part of the a rea . 
There is much more conglomerate 011 the nor th !';ioe of t he 
Quitman intrusive. On the contact with the intnl8ive is 
cherty lime!';tone and brown sandstone succeeded by a heavy 
conglomerate of hrown chert and grey limestone blocks up 
to eight inches in size. This grades above into a chert can· 
glomerate. The limestone bl ock;,; ca r ry nu me rous Permian 
fossils. The f ull t hickness of the conglomerate must be at 
least 250 feet. Hills of Del Rio and E uda lie just south of 
the railroad between two a reas of conglomerate. It seems 
likely that the conglomerate was lirst th rust over the 
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Wa.:;hitn beds and Intel' tilted to the northeMt by the intru­
sion. The tilting \Vfll'> accompanied by folding, the axes of 
which follow the peripheral outline of the intrusive. 

The conglomerate in northwest Eagle MOllntain south of 
.Judge Love's ranch house is overthrust to the northeast over 
the Eagle F ord and cut by dip fault::; of great horizontal 
displacement. Heavy conglomerate beds and mllch con­
glomeratic red and brown ,.and~tone are found in the lower 
part. Above comes pink limestone, very often brecciated 
and ('ontaining round ed pebbles up to four inches in size 
of che rt and blue-grey Jimc!-ltone. The color varies from 
lavender through pink to bright red. There are some light 
grey beclli. Neal' the top i:'l a layer about twenty fect thick 
of grey conglomerate with rounded pebbles of dark blue 
li mestone and chert. Five hllndr(>d feet or so above the 
bm;e is a heavy brown-grey weathering limestone refcned 
to the Finlay. Unles:; a second overthrust occu rs the Cox 
sandstone i:; apparent ly missing from the section. 

The basal Cretaceolls south of the eastern end of the 
Wiley MOllntains is red and brown conglomerate and sand­
stone with small well-rounded (juartz and cher t pebbles. It 
rests directly on the Permhlll. Highel' up are some beds of 
limestone. 

North of the Chinati Mountains basal Cretaceous 600 
feet in thickneRs is exposed in the north slopes of P into 
Canon. Hesting upon the Permian is a conglomerate with 
many Permian limestone and chert fragments. Another 
thin conglomerate was noted about 100 feet above the base. 
The slrata consiRt mostly of alternating limestone, marl and 
sandstone. Orbitulina texallu occurs 600 feet above the 
base. 

cox SA'SJ)STONE 

The bed,; herein referred to the Cox sandstone are un­
questionably the same as those mapped with that format ion 
name by Richardson~~ north of Sierra Blanca. The thick­
neRg of the Cox is variable and because of very gradual gra­
dations no sharp line of demarcation can be drawn between 

~'Op. cit., p. 47. 
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it and the undel'lying basal /it l'ata and between it and the 
overlyiug Finlay limestone. The format ion is found all 
along the southwe~tern flank of the southern Quitman 
llol ountai n~; and at the base of the hogbacks south of Sierra 
B1anCl:t station; and forms the hogback of the Devil Ridge. 
It is found in val'ious loc.!Iities on the north side of Eagle 
MOllntuin; makes up most of the southern Eagle Mountains 
south of the great volcanic mass and is very extensively 
developed in t he Van Horn 1\-IOlJntains. It is largely brown 
sandstone, somewha.t conglomeratic, in many places cross­
bedded and containing a number of interbeds of limestone 
and shale. Lithologically, it is very similar to the Dakota 
of the Rocky Mountains ami Great Plains regions. 

A sect ion ill the eastern Van Horn Mountains two miles 
south of V<tn Hol'll Wells measures lGOO feet in thickness. 
At the base il:i a coarse conglomerate with pebbles and 
boulders of Permian limeEtone. This may be part of the 
Etholen conglomerate. The lower portion of the sand­
stone contain>! some pink nodular limestone. Sandstones 
with an occasional layer of ea dhy limestone follow. The 
sandston~s in some Jayers conta in small rounded pebbles of 
quartz, chel't and jasper. Near the top some s ilicified wood 
and plant remain ~ occur. The l'usty-brown weathering of 
the sandstone is characteristic. 

The Cox in the northern Eagle Mountains a!)pears to be 
about 1000 feet in thickness. From top to bot tom are 
layers of conglomerate with small rounded pebbles of quartz, 
chert and limestone. The texture of the sandstone varies 
f .. om fine through coarse-grained into grit and conglomer­
ate. It is in many places inclined-bedded and cross-bedded. 
There are also in terbeds of blue-grey fossiliferous earthy 
IimeEtone. Three light buff aphanitic rhyolite sills are 
present in the strata in the high scarp south of Hot Wells 
station. 

The formation contains beds of dark maroon sandy clay 
in the southern Eagle Mounta ins and in the southern Quit­
man Mountains. There is a thick !"ection repeated in an 
overturned anticline along the southwest flank of the south­
ern Quitmans. This is well exposed in Quitman Gap, 
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formed by an arroyo which cuts entirely across the ridge 
which was followed by the old Fort Quitman stage road. 
The strata belong to what TafT~' called the :Mountain Bed 
and erroneously regarded as t he top of the Washita. There 
are about 2000 feet of strata in th is section to be referred 
to the Cox. Taff's section repeats the beds either side the 
base of No. 2 of his middle alternating horizon (V). 

Strata underlying the thick beds of li mestone in the hog­
backs east of the Quitman intrusive are referred to the 
upper part of the Cox. The section nearest the intrusive 
shows below several hundred feet of light green-brown, 
medium-grained sandstone with a few weathering rusty­
brown, thin interbeds of grey limeslone. This !->anrl;;tone 
member passes into medium-bedded grey limestone and 
greenish sandiltone interbedrlcd. The full thickness of this 
exposure is about 750 feet. 'The large hogback from three 
to five miles southwest of Sierra Blanca station shows 
under the thick caprock limestone thin to medium-bedded 
li mestone, sandstones, and conglomerates totaling about 
1000 feet in th ickneB~. The limestones weather pink or red, 
grey 0 1' yellowish-brown, the sandstones are brown and 
green and the conglomerates nre hoth coarse and fine, Some 
limestones are cherty. The northeast base of the hogback 
just south of Sierra Blanca station Rhow1$ sandstones with 
a few interbedded limestones. 

The Cox occupies most of the area of the southern Eagle 
Mountains. It thel'e contains heavy conglomerate layers, 
some of them with pebbles of quartz , jasper and chert and 
others with pebbles of limestone and che rt. The dark 
maroon sandy clays are found on both flanks of the southern 
Eagle ?I.'lountains a.<; well as on the Routhwest flank of the 
QuitmanR in Quitman Gap and along the Hot Springs road. 
Some pink lime"tone OCCLlI' S in the section one mile east of 
Oxford Mountain, on the northeR"t flank of the southern 
Eagle Mountains. 

2~Tatf, J. A., Crctaceous Deposits of El Paso County, Texas. GCIl1. 
Surv. Texas, 2d Ann. Rept. , p. 730, 1891. 
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FI NLAY LII.]F.S'fONE 

The Finlay limestone was named by George B. Richard­
son."' The ty pe locality is the Finlay Mountains. North 
of t he Finlay Mountains, in the vicinity of the Finlay-Tam­
pico boring, the writer found, seventy feet above the base 
of the Finlay limegtone, the same silicified Radjolites-like 
fossi l t hat occurs in undoubted Trinity beds south of Sierra 
Blanca. The strata which south of the railroad were re­
ferred by Stanton"'; and Richardson"': to t he Fredericksburg, 
norlh of the railroad carry undoubted Trinity fosRils at 
t he base and in the upper limestones. However, Stanton"G 
correctly referred to the Trinity the strata belonging to the 
Finlay limeRtone south of the railroad. Taff~ r, expressly 
mentions that the strata in t he Quitman and Eagle moun­
tains arc probably O\'el'folded and faulted but he described 
the strntn. from northeast of S ierra Blanca to the southwest 
flanks of the Quitm.ans aR if they occurred in regular and 
normal success ion. This heatment is not surpris ing when 
consideration is given to the compiexit}' of structure and to 
the fact that, when Tatr worked, the range of the fossils 
had not yet been determined. Taff's Mountain, Quitman, 
Bluff and Yucca beds and all four of his Cap1'otina horizons 
are now found to be Trinity. Of these all but the Mounta in 
bed and the lower part of the Yucca bed, which belong to 
the Cox, are to be included in the Finlay limestone. Bear­
ing the above in mind futur e students of t he area will find 
TafT's stratigraphic olno;el'vations vcry uReful and accurate. 
All but the uppermost par t of Udden 's Shafter beds are the 
equivalent of the Finlay. 

The Finlay limestone is expof;ed in the main ridge of the 
southern Quitman Mountains, in the hogbacks east of the 
Quitman intrusive, in the northern and western part of the 

~IOJ! . cit., p. 47. 
~"Stanton, T . W., Stratigraphic Notc!; on Malone Mountains a nd 

the Surrounding Rc~ion ncar Sier ra Bla lJ(:a, Texas. U. S. Geol. Surv. 
Bull. 266, pp. 29-.12, In05. 

~~Taff, J . A., Cretaceous Deposits of El Paso County, Texal\ . Gcol. 
Surv. Tcxas, 2d Ann. Hept., pp. 725-730, 1891. 
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Eagle Mountains, in the southwestern parl of the southern 
Eagle Mountains, and at the extreme west end of the :Malone 
Mountains. The formation is much thinner in the Van 
Horn l\'1ountains than elsewhere. It probably re<lches its 
greatest thickness in the southern Quitmans. 

The Finlay is relatively mOl'C of a limestone in the nOl'th~ 
eastern Eagle Mountain, whel'c only a few interbeds of 
sandstone occur. The limestone is, however, argillaceous. 
South of t he Eagle Spring fault there is mOl'C detrital 
matter. The structure is complicated and much of the bed­
rock is concealed by deoris. The prevailing dip is south· 
westward and the angles of dip range from 20 degrees to 
more than vertical. Thin dirty green sandstones and inter­
calated clays stand vertical on the fault contact south of 
Eagle Spring. To the southeast along the armyo are ex­
posed mainly dull dirty green sandstones and shales with a 
few blue-black carbonaceous shales and t hin beds of blue­
grey, weathering brown-grey, crystalline, calcite-veined 
limestone with fragments of E X(JfJUI"a quitmanellsin. These 
beds con ta in the coal prospected thirty years ot" more ago 
along the arroyo about one mile southwest of Eagle Spring. 
The coal bed st rikes N 75 Wand dips 82 degrees N 15 E, the 
dip a short distance down the creek vHrying from 55 degrees 
to 80 degrees. All limestones of the entire region have much 
secondul'y calcite, mainly in veim;. There is a thickness of 
three feet of coal exposed in the old tunnel, now so filled in 
that the hanging wall side cannot be seen, although there 
is flaggy green sandstone on t his hanging wall side three 
feet above the top of the coal now exposed. The footwall 
is clay. The coal is almost semi-anthracite, partially meta­
morphosed probably by the intense deformation and possi­
bly by heat from igneous intrusion. The coal on the old 
dump is Rt ill fresh, shiny and hard. A short distance up 
the arroyo heyond the small seep spring heavy beds of lime­
stone with E :J;(I(JY1"a qu.itmanensis and 01·bitut.ina texan« dip 
70 degrees in the same direction as t he coal. One-half mile 
to the southeast the limestone is again exposed under the 
volcanic tuff-breccia in another arroyo. The dip is here 
55 degrees N Wand the limestone has under it dirty green 
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sandstone and shale. The other dips in the vicinity are 
southwest. A mile to the northwe:-;L shale and ~andstone. 
the shale blue-grey, are exposed ami small outcrop:; of the 
shale, sandstone and Q,'bil ,ulhla limestone, separated by 
debris, are found for three mile~ to the west, Oil the south 
side of the fault. Prospect holes a half-mile we!)t of the 
coal opening are mainly in blue-gl'cy shn.ic, which to the 
north is interbedded with t hin limestones and dirty green 
sandstones, Carpenter Spring is about four miles south­
southwest of Eagle Spring. Tuff-breccia forms the upper 
and major part of the eastern wHlI of the arroyo there. To 
the north and we~t debris ma:,;k~ all connections wilh the 
bedrock south of Eagle Spring'. The lowest beds in t he 
bottom of the arroyo (pl'ovidcd the strata ,we not over­
turned) appear to be on top of the limestone at the north. 
where the tuff-breccia ends, but the contact is not well ex­
posed. The presumably lowest beds following the lime­
stone are dirty green interbedded sandstones and clays. 
some of the clays being dark blue. Above come rusty­
brown thin to medium-bedded .sandstone.s, succeeded by a 
few limy beds and then follow seve ral hundred feet of 
dark blue-grey sandy brittle and splintery clays. Taff~l 

gives a section of this region which is probably correct, but 
if so, the clays rest on limestone which certa inly belongs to 
the Fin lay und cannot be of Dakota and Eagle Ford :,g'e, H:-; 

thought by TafL Taff found a small G-r!Jphea nnd a ::;mall 
I nocej'a?1t"Us in the clays. The most obvious structural in­
terpretation is that the strata at Carpenter Spring arc the 
same as those seen a mile east of the coal opening and 
that they al'e exposed in the trough of a syncline, 

The limestones on thc nOl'the~lst side of Eagle Mountain 
arc hllle-gl'ey, argillaccou,; ami nodular , and contain some 
interbeds of brown :-;m:.dstone. Among the foss il s are 
E 'i/allag{cl' tc,nWU8, recten subaiJ)ina, 01'hitulina fc.mtla , 
ann Tyloflloma. 

";TufT, J, A., Crctnrr,)u!; Drposits of El Pfl~O County, T('.'<us. Geal. 
Sun', Tr.!XUH, ~d Ann. Ropt., pI. XXV II, p. 736. 18!lL 
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The Finlay in the !oiouthern Quitman Mountains appears 
to be not less than 1500 feet in t hickness. The lower por~ 
tion in Quitman Gap is for several hundred feet transitional 
upward from the Cox, containing many interbeds of sand­
stone with the limestone. Above the overthrust on the east 
flank at a place about one mile south of the road fossil 
rudislids are found in strata lying between an horizon of 
ExofJJj1'u quitmanesis and one of Ol'bitulinu texana. The 
Finlay forms the summit range of the southern Quitmans 
from Quitman Gap to the crossing of the Hot Springs road 
and is overthrust to the northeast on the northeast flank 
over the Fredericksburg. The Finlay stl'ata are mainly 
limestone with Orf}itulina texana and Exogym quitmanesis 
iJut there are numerous interhed.f\ of sandstone and shale. 

The Finlay is closely folded, with dips ranging from 40 
degrees to vertical and overturned, in its exposure in the 
upper and middle sections of the canon of the Rio Grande 
across the !iouthern Quitmans. The Cox sandstone is ex­
posed for about a mile east of Hot Spl'ings. This is suc­
ceeded in the uppermost gorge by limestone with interbedded 
sundstone. Between the first and second gorges is a strike 
valley about foul' miles in length of an arroyo entering the 
Rio Grande at right <wgles. Blue-grey clayey marls inter­
bedded with thin clayey limestones with Exogyra quitrnan­
cn.<;i:-;, a large P t>(;ten, n large Pholado1nya and Alect1'yonia 
outcrop in the valley. The second gorge is made of a series 
of mainly heavy-bedded limestones some 700 feet thick with 
maJlY Orhitulilla te:mna. This limestone is r epented farther 
downstream on the east flank of a closely-pressed syncline. 
Still furthel' down slrcam t he Finlay is again repeated in an 
anticline on the east side of which are exposed members 
(15) to (19) of St<mton's section~s which are 1050 feet in 
thickness and apparently all belong to the Finlay, 

The Finlay is exposeo in the Rio Grande Canon across 
the southern Eagle Mountains and is extensively developed 
in the Mexicnn ranges beyond the canon. The limestones 
exposed on the southwest side of Eagle Mountain proper 

2~Stunton, T. W., 1l11. cit., p. 31. 
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are apparently Finlay. Most or the exposu res at the north­
west foot of Eagle :Mollntain are Finlay, with E xog-ym quit­
'1Ilanensis. The strata are sandy limestone and limy sand­
stones, some conglomeratic. and with some sandy clays. 
In the normal south-southeast anticline lying between the 
overturned strata the basal rock is a massive dove-colored 
cherty limestone. A covered interval follows and then 
about 200 feet of dark grey clays with thin interbeds of 
fossiliferous marly clays wi th rill marks. Overlying come 
nodular earthy limestones. The caprock of the hogbacks 

. north of the main fault is heavy Finlay limes tone and with 
the exception of the main Devil Ridge neurly all the hog­
backs extending northwestward to Sierra Blanca and 
Etholen are capped with or entirely composed of the F inlay, 
The summit rock of the large mass nearest the Quitma n 
intrusive about jive miles south of Etholen is mainly heavy 
beds of limestone containing O"bituli'/la texana. T\vo hun­
dred feet above the base of this limestone is an horizon of 
interbedded brownish sandstone and limestone with green 
chert and silicified wood ncar the base. Bluff Mesa, lying 
east of the last-mentioned exposure is capped by basal 
Finlay heavy limestone, 200 feet thick with a heavy shell 
breccia of Exogym quitmaneMis at the topo Other fossils 
of this limestone are Orbitulina texana, Pecten, Pholado1nua 
and Alect1'yonia, 

The total thickness of the Finlay in the Van Horn Moun­
tains is not over 400 feet. On the west flank it is grey 
earthy limestone with Requienia, echinoids, pelecypods, and 
gastropods. Some marls occur in the section on both flanks. 
On the east side t here is at the base a ru sty-brown sandstone 
fifty feet in thickness r eferred to the top of the Cox !>and­
stone. The overlying Finlay impure limestones and marls 
contain Exogynt quitmanen.'1is, T1Jlostoma" Enalla.'1tcr tex­
anUI>, Gr·yphea ma,Tcoui and R equ.iemoa. 

Blue-grey limestone succeeded by gritty and finely con­
glomeratic sandstone and limestone outcrop in the south­
ward-plunging anticline west of the Malone Mountains and 
two miles southwest of Finlay railroad station. The lime­
stones carry silicified rudistids apparently the S~lme as those 
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found in the Finlay north of the Finlay l\'lountains. The 
same forms oceUI" in the cap rock of the hogback jUl;t south 
of Sierra Blanca stat ion and in the very low hi lls from 
four to nve miles to the south-southeust of the station. 

Stalltoll ~~' lists the follow ing additional fossils from the 
Trinity of t his region: T1'i{Joniu tafji, n'igoniu stolleyi (?) , 
R emondia and Nl{·tictl pmcYl'andil;, The Exoflym quitman­
enNis (Cragin) is a very abundant and character istic fossi l. 
When full ::;ize it is six to eight inches in length. The most 
perfect lipecimens found occur in numbers in marly and 
limestone strata at t he summit of the Hot Springs road 
crol;:;ing the southern Quitman .Mountains. 

FltF.!lF: I( ]{:K::Il:URG 

Frederichburg strata occur below the ove rthrust on the 
northeast flank of the southern Quitman Mountains, in the 
lower part of the Rio Grande Caii.on across the Quit man 
Mountains and in the southern part of the Van Horn Moun­
tain:,;. 

The Walnut Clay hori zon is not over 100 feet in thickness. 
The fossils found in it are Exouym weathc1'jm'denl:lis, 
G1'llplle(t 1)IQI'cuui and HutectYPu8 . The strata are grey 
marl.::; with interbedded nodular marly li me;;tone succeeded 
by fine-g rained, grey, reddi sh-brown weathe ring sandstone 
twenty-five fect in thicknc;;s. 

The Comanche Peak is fine-grained limestone, t hi n to 
medi um-bedded, grey and nodular. Lima wacoensis and 
Schloenbachia 81), occlIr from 100 to 150 feet above the base. 
The ll ppet' limi t of the formation is not known and i f! prob­
ahly difficult to detel'mine, except on f aunal evidence. 

The Edwards limestone is t hin in the Van Horn !'.'Ioun­
tains. Wes t of the fa ult south of Chh;pa summit it is 
heavy-bedded, hanl and bluish and perhaps only about 
twenty-five feet thick. It is p robably somewhat t hicker 
in the southern part of the Van Horn Mountains, where it 
was not se pa rated from the Comanche Peak and lower 
Georgetown. Twelve miles to the southwest in the mesa on 

""!lHlllton, T. \V" (JJ). cit" p, 29, 
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the Rio Grande one mile south of the mouth of Green River 
(Glenn Creek) there is a massive limestone about 500 feet 
thick which in part at least is Edwards and may be in part 
Comanche Peak and Georgetown. The same limestone is 
probably about 300 feet thick in the summit ridge of the 
southern Quitman Mountains some five miles south of Quit· 
man Gap where it contains Schloenbachia belkna,pi and 
Pecten subalpina. 

In Stanton's section3U in the lower "part of the Rio Grande 
Canon across the Quitman Mountains members (6)' (12) 
and (13) are referred to the Walnut and Comanche Peak, 
and (7) and (11) to the Edwards. Member (6) lies under 
the Del Rio along an overthrust and the section is repeated 
in an overturned syncline to the we:;tward of member (6). 

The common fos:;ils of the Er::!wards are Radiolite8, Re· 
quienia and M onopleum. 

Strata, probably F redericksburg, occur on the west side 
of t he fault cutting off the Permian in lower Pinto Canon. 
'rhe basal beds exposed are clay;;; with an alte rnating wne 
at the top passing up into heavy-bedded limestone. 

WASIilTA 

Washita strata occur in the same localities as those given 
for the Fredericksburg ~md in addi tion are fou nd in the 
valley of the Rio Grande ncar the White ranch from twelve 
to fifteen miles down the river in a southeastward direction 
below old Fort Quitman. 

The deta iled stratigraphic and paleontologic seclion made 
by Bose'" in the Cerro de Muleros near El Paso w ill be 
taken as the basis for the division of the Washi ta in this 
region. In downward succession Bose's section is as 
follows : 

9. Limestone, hard, white and light grey with Exngym whitnr.yi 
-30 to 65 fcet-Buda. 

80Stanton. T. W., op. cit., p. 31. 
BI Bose, E., Monograila Geologica y Pnleontologica del CCI-rO de 

Muleros, elc. l\tex. lnst. GcoJ. Bol. 25, 1910. 
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8. Mads, yellow, with E.~o[J!lm u:hitnl!lIi, Hell/ioster calvini-
30 to 65 feet. 

7. Sand!>tone, red-brown and white, th;ck-bcdd<,d with E xogyra 
wlli/nel/i-GS to :120 feet-Pott!Sboro and Del Rio. 

6. ]\faris, bmwn, shaly, sunustuncs and limestones with Alcdlll 
onia 9UudrilJIicaL:!-30 to 65 feet-Weno. 

5. Mllds, sandy, with marly shales an,\ beds of lime~lone with 
Schloenbachia trillodosu-100 to l(i5 feet.-Fort Worth and 
Denton. 

4. Shules, mads, und beds of limestone with Schloenhachia 
l1odoso-IOO to 165 fcct-Killmichi. 

3. Lilllcsto!lC~, s~mlly, thick-bedded, calcnreous grey sandstones, 
brown and yellow murls and blnck shules with Schlocubacllia 
cfr. belknnlli- M feet-upper FredericksLurg. 

2. Mads, brown, with beds of limestone nnd llmy sand!rtones 
with ScIilOfmba,ci!ia bnl110ellBis- 30 to 65 feet-upper Fred­
(~ricksburg. 

1. Limestone, hard, thick-bedded, grey with T m-ritella vil!rayeana 
- 6(j to 85 feet-Edward!'.. 

Bose's horizon (4) Kiamichi, mm·king transition between 
Fredericksburg and Washit.'l, is exposed in the White ranch 
locality and about two miles east of the lower end of the 
canon of the Rio Grande across the southern Quitmans. It 
is also likely represented in part by number (9) of Stan­
ton':; section'"" in the lower canon. At the White ranch 
locality the base of the exposed section begins with lami­
nated, light grey. fine-grained, clayey and calcareolls sand­
stones, perhaps the equivalent of Bose's number (3). Blue­
grey finely fissile iShale with thin interbeds of sandy and 
calcareous ripple-marked 5trata with G1'uphea cOITugata, 
300 feet th ick, follow and represent the Kiamichi. Next 
upward comes about a hundred feet of nodular, marly , thin­
bedded limestone with Schloenbachia tTinodosu :md Pecten 
,<ill bai1)ina repre.<;enting BOiSe's number (5) and the Fort 
Worth and Denton of the north Texas section. Capping the 
section is three to four hundred feet of blue-grey fine­
grained thin to medium-bedded cm'thy limestone which is 
middle to upper Georgetown. 

J~ Stnnton, T. W., 01). cit., p. 31. 
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Practically all the Wash ita section is exposed in an anti­
cline midway between the Quitman alToyo and the lower end 
of the Rio Grande Canon in the sQuthermost Quitman Moun­
tains, hwcen1'lJw,~-bearing, very bituminou!'> Kiamichi 
f>ha le, fi ssile and pu!;s ing up into flaggy-bedded limestone 
and calcareous shale is seen in t he axis of the anticline. 
Next in upwanl "uecession if> very fine-grained hlue-grey 
medium-bedded Geol'getown limestone. This division on 
t he we"t bank of Quitman Arroyo three mile!'> above the Rio 
Grancie has g -lIallaBtel' texanus. Peilinop.'iis !l?rmrnetriclt, 
Pectcn sulm11lil/(t, IJiplopofiifl. texana. Thi !'> faunule is 
middle Georgetown. Overlying the limestone in the anti­
cline is Del Rio ferruginouR, laminated and flaggy calcareous 
sand, argiliaceoLls limestone and day, with /\'odo8aria te:l'­
a11(1, about 300 fee t thick. On top is the Euda fine-grained 
light huff, bd ttl e. medium-bodied limestone, thirty feet in 
t hicknes" . 

The Georgetown in the southern Van Horn Mountains 
is nodular limestones and marls unde rl ain by a bed of brown 
sandstone and has at the top more re"istant heavi~r-bedded 
limestone. The total Georgetown section is 500 feet or 
more thick. In ascending ol·del' up the mCf'a nine milc;.; 
south-southwest of Van Horn Wells the following fossils 
were collected : from lower Fort Worth-upper Duck Creek 
Schlor.nbuc1da sp. I , Adkins and Winton, Schloenbachia sp. 
F. Adkins <md Winton, H olaf:tet' .'iirnplex, low phase; from 
Fort Worth, Schloenbachia g1'U?Jl>onenHis ; from Weno-Paw­
faw N(wti/us te:ranus and Schloen/laclda 1uintoni Adkins; 
from Main Street H olect'JfpUS limitis. Three miles west of 
Chi spa summit the sandstone noted above l'e!>ts on the 
Fredericksblll·g and is followed by nodular clayey blue-gr'ey 
limestone wit h Enalla.<;tcr fexan?IS and HolcctllPu.s planatus, 
Kingena wacocn.'iis. Neithca texana. and CYP1'icanlia texana 
followed a litt le higher by a middle Geol'getown horizon 
with Schloenbachia sp. J cf. elobien.<;iH, £'nallastet· bmvoen.<;is, 
Hemiaste1· call1ini and Gl·yphea cOlTugata. This is suc­
ceeded by limy shales with thin beds of limestone carrying 
I noce1"Qmus. The strata lie on the west side of t he fault 
east of which is upper Cretaceous. 



30 Univcr,<;ity of 'l'c1;as Bulletin 

On the north ~ide of Eagle Mountain, midway between 
Eagle Spri ng and the Judge Love ranch hOll se sb'ala re­
ferred to the Georgetown nre blue-grey. fine-grained, nodu­
lar, medium to heavy-bedded limc~tones. The base was 
not seen, t he thickness of expm,ed :-;t rata being about GSO 
feet. Hard brown 'iand"t,one, about 100 feet thick. follow 
and appear to be the lower part of the Del Rio. Underlying 
the Eagle Ford i~ bri ltle, fine-grained clalky limestone re­
fe lTcd to the Burla. Similar li mestone, certainly Buda, ex­
tends f rom Chispn summit to t he fault two and one-half 
miles to the west. 

Some 'Washita outcrops along the lower nort heast flank 
of the southern Quitman Mountains. The Kiamichi clays 
anti ovedying lower Georgetown impure limestone occur ten 
miles southeast of Quitman Gap. 

UPPER CRETA CEOUS 

Eagle Ford beds out-crop in the upper valley of Van Horn 
Creek to t he west and south of Chispa summit, east of the 
lower end of the Rio Grande Caftan across the Quitman 
Mountains. in a narrow strip along the outer western flank 
of the southern Van Hom l\'lonntnins, and northwest of 
Eagle l\-'lountain east and northeast of the Judge Love ranch 
hou"e. 

The Eagle Ford of the Chi spa summi t loculity begins with 
thin impure flaggy limestones , clays and shales resting on 
the Euda: Succeeding strata are greeni sh. calcareouH, rill~ 
marked sandstones and sandy shale.'l . The shales are grey~ 

bl ue when fresh and yellowish-brown when \veathered. 
They have septarian concretions, fish scales and many f rag­
mentary Inocerami and regularly spaced layers of secondary 
selenite about one inch in thickness. The fossils are Inoce­
ramus lalJiatus, a large PlacenUceras and two ot her genera 
of ammonites. Similar strata occupying a narrow outer 
zone on the west bank of the southern Van Horn Mountains 
have Inocemmuslabiatus anci Metoicoceras(? ). Northwest 
of Eagle Mountain the dark blue~grey and drab shales con~ 
tain some f,;andy and limy layers . The fossils collected are 
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InoCC1'amus llllJiatus, Inoce1'amw; (severnl species) and 
P1'ionoc}Jciu8 ( ·f). J3elow the moulh of the Rio Gl'ande 
Canon across the Quitmans are dark fi ssile shales with thin 
limy flags weathering reddish-brown. One horizon of the 
flags shows numerous cast~ of ice crystals. Inoceramus 
labiatuN is th e llHJsl ubundant l'os~ il. The Eagle Ford strata 
al'e everyw"here markedly bituminous. 

The Austin south of Chispa summit appears to be mainly 
shales wilh some interbeds of thin limestone. No chalk was 
noted. 

The TClylor occurs west of the ca p rock in the vic inity 
of the abandoned t(,wn of San Carlos and to the north 
and south. Exposures near the middle of the outer north­
eastern Hank of the southern EHgle Mountains under the 
over thrLl'lt sheet of Cox sandstone nre l'efen'ed to the Taylor 
because the Inoce rami and ammonites in them appear to 
be different "from those found in the Eagle FOl·d. Just ahove 
the probable Taylor strata are rudi stid and echinoid-beadng 
lime.stones which may be lower Finlay. Provider! the ~cc­
tion is not overlurned the loweRt exposed beds referred to 
the Taylor are clays with large cannonball sandy concre~ 
tions interbedded with thin layers of brown-weathering 
light grey finely crystalline limestone. The next member is 
ripple-mat'ked dirty green-brown sandstone with Ca1'dium 
and plant fragments. The highest beds are thinly-lami­
nated Inoceramus-bearing shales with limy ammonite-bear~ 
ing concretions. 

Sections of the Taylor in the San CarloR area :\re given by 
Dumble'" and Vaughan.":! The st rata are clays and sand­
stones, the former weathering greenish-yellow or tan and 
the latter brown. About 2000 feet of T<lylor strata are 
exposed. Two beds of coal occur about 900 feet below the 
top. 

~·""Dumhle, E, T" Cretaceous of '''estern Texas and Coahuila, Mex_ 
ico. Bull. G, S, A. , vol. 6, pp. 375-388, 1895. 

" Vaul!:han, T . W., Heconnaissance on the Rio Gran de ConI F:elds of 
Texas. U. S. Geol. Surv, Bull. 164, pp. 73-83, 1900. 
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Tarlol' ti me brought to a close a cycle of marine deposi­
tion inaugur.ated with the Tr inity . There was no break 
in the sequence of marine deposition between the Coman­
chean Cretaceous and the U!1pel' Cl'etaceous, although it 
appears that no Rpecies pass f l'om the E uda into the Eagle 
Ford. The Euda is ahvHY~ found beneath the Eagle Ford 
over an a l'ea mewml'cd bl hundrc(h~ of thou~mndR of square 
miles in WCl't Texas and northeastern Mexico. The Euda 
is everywhere thin and only a relatively slight amount of 
i':l'osion would have removed it, at I(~ast from some places. 
before the depo.'lition of the Eagle Ford took place, provided 
a bre.ak in the depos itional sequence existed. The Upper CI'e. 
t.aceous sedimentg of t he region are pl'eva ilingly detrital and 
the Rediments become coarRcr in upward succession. The 
U!)J1er l)art of the Taylor, including the coal beds and over­
lying s trata, a re of freRh water tCl'I'eRt r iai origin and con­
tain bones of dinosaurs, anima!:; which lived on t he land. 

LATE CHETACEOUR MOUNTAIN-MAK ING 

An epoch of mountain-making followed the deposition of 
Taylor sediments. The deformational movements ,"'ere 
very intense in the Malone, Quitman and Eagle mountains, 
much less intense northc<lst of this area in the Davis and 
Barilla mountains and appeal' to have come to an end almost 
ent irely before we rettch the Chisos Mountains in the south­
ern Big Bend counU'Y, southeast of this area. It is to this 
latter region th~t one must now .1;0 to find the upper time 
limit of t he mountain-making epoch. 

Udden '''' (ound in the Chisos country that the lower part 
of the Ratt lesnake fo rmation is marine Taylor. The ma r ine 
sediments grade up into fresh water terrestrial deposits in 
the tipper part of wh ich are layers of volcanic aRh and bones 
of CretaceoLLs di nosaurs . The 'fomillo clays overlie t he Rat­
tlesnake beds, contain dinosau r remains and a re largely 
<:ompo~er1 of very fine debris resulting f rom the disintegra­
tion of volcanic rocks. On the Tornillo clays rests a great 

'''Udden, J. A., A Sketch of the Geology of the Chisos Country, 
Brewster County, Texas. Univ. Texas Bull. 93, 1907. 
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thickness of volcanic tuffs, sandstones, clays and a few 
layer>; of conglomerate~the Chisos beds, No fossils have 
yet been found in the Chisos beds, 

At first glance, it is somewhat surpri sing that no grcatel' 
proportion of coorse conglomel'ates occurt-> in the post-Tny­
lor sediments of the Chisos coun try. But upon interpretation 
of the geologic history we find that the sea van ished about 
the close of the Taylor, leaving a very tlat and low district 
in which sedimentation st ill went all, The Tornillo clays 
were probably deposited in a lal<e, The basin of the lake 
may have formed by gentle deformation concomitant with 
the more intense deformation f arther west or by formation 
of a dam of volcanic rocks, either lavas or tuffs. The tuffs 
of the upper Rattle!'nakc and of the Tornillo settled in this 
body of water and wel·e Romewhat alt ered in it. The Tor­
nillo basin must have been relatively of small extent and 
local importance. The exposun~s of the Tornillo we now 
know were aW,:lY from the shore line;; of the hl1;;in or else 
no great amount of coar.se detrilllR was contributed by the 
drainage entering the baRin. The !'igni ficant points are 
that the depoR its are so largely tuffs and t.hat they contain 
dinosaul's which are characteristic or the Cretaceous. 

For the rest of the story we t.urn fart.her west to the 
region included in this report. Here we find the intense 
mountain-making movements accl)mpanierl and followed h.v 
an epoch of great subaerial erosion. Even the Pre-Cam­
brian waR in places ex poRed at the Rurface by t.his er Ol'.ion. 
At one place or another in the region the rhyolitic lava~ 
and tuffs comprising the basal volcanic i:icrics rest directly 
upon strongly tilted and eroded edges of everyone of the 
older rock serie.3. The mountain-making movementR and 
the COnClllTent and fHlbsequent erORion were proces!'cs oper­
ating through many thow::nnds of years, compal'cd with 
which the erupt.ion of rhyolite lavaR and tuff~ may have been 
of comparatively short duration . The record indicates the 
greater part by far of the mountain-making and erosion 
was completed before the main volcanic eruptions began, 
Yet the dinosaurs in t he volcanic tuffs show that eruptions 
began before the close of the Cretaceous ; hence one cannot 
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escape the conclusion that t he mountain-making and erosion 
E;pochs occupied that part of later Cretaceous time com­
prised between the end of the Taylor and the final ext inction 
of the dinosaurs. The only escape from this conclusion is 
by SUPI. ~.,; mg great volcanic eruptions occurred before t he 
moun ta in-making but this is contrary to everything yet 
known in western North America. 

The progressive coarsening of the sediments upwards in 
the Taylor implies a rising of the land areas and increase 
of the activities of erosion on the land areas from which the 
Taylor sediments were det'ived. The ri se in the land was 
presumably t he beginning of t he mountain-making move· 
ments. 

The sediments derived from the great erosion accompa ny­
ing and fo llowing mountain-making we re mainly trans­
POl·ted to areas outside of thO!';e of the Trans-Pecos Texas 
mountains. Thousunds of feet of detrital sediments-sand­
stones, sandy shales and conglomerates-were deposited as 
post-Taylor marine and brackish water Cretaceous strata in 
northeastern Mexico and in the Rio Grande embayment 
around Eagle Pass. In these regions we get the deposi­
tional history complementary to the erosional epoch in 
Trans-Pecos Texas. 

VOLCAN ISM 

Lava flows, pyroclastics (tuffs and t uff-breccias) and in­
trusive igneous rocks cover a very large percentage of the 
surface of southwestern Trans-Pecos Texas. The scquence 
begins with the ultra-acid , passes into less acid and closes 
with the more basic intermed iate. Igneous rocks l'eached 
the surface from vents in thc Davis and Chinati Mountains, 
probably also in the Quitmnn and Eagle Mountains and 
possibly in some other places. The volcanies of rhyolitic 
composi tion exceed in bulk all olhers. These, being ea rliest, 
have been more preserved than the later overlying volcanics. 
The basalts, especially, have been almost totally removed by 
erosion subsequent to their outflow. The rhyolitic lavas 
have a thickness of over 3000 feet in the Chinati Mountains, 
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where lhey li e on from 100 to 200 feet of rhyo litic tuff8 
and luff-breccia:;. The rhyolitic volcanic:; in the Rim Rock 
country have a tolal maximum thi ckness of 4000 feet or 
more but more t han half the total i" t uff. Tuff-breccias 
hundreds of feet in t hickness form the base of the rhyo­
litic series in Eagle Mountain. PyroclasticR am not nearly 
so prevalent in t he igneouR succession younger than the 
rhyolitic. Bones of land tor loises are found in the rhyo­
litic tuffs. 

Interbedded with t he rhyolitic volcanics are a number of 
conglomerates, ."andstones and clay~. In t he Rim Rock 
country these sed iments make up nearly halC the lower 1000 
feet of the volcanic ::::er ics. They are much le~s in amount 
in the upper :WOO feet of the volcanics, Lava flows, ranging 
in texture from obsidian through pitchstonc and vitrophYl'e 
to porphYl'itic with finely-c rystallinc groundmuss are inter­
bedded with the tllffs, tuff-breccias and sediments in the 
Rim Rock country, in Eagle Mountain, in the Van Hol'll 
l\'1ountains and in the region Routh of the Wiley Mountains. 
Originally, t he rhyolitic volcanics p]'obably covered the 
cntire sUl'face, Some of the rhyolitic brcccia:; contain f rag­
ments oC basalt, which probably came from volca nic' rocks 
older than the rhyolites. The Rim Rock, formi ng the sum­
mit ridge of t he Tierra Vieja Mountains, is an extensive 
lava flow about 300 fect in maxim um thick nes!i of quartz­
pantelleri te, ~~ an extremely rare volcanic rock. 

Nume rous rhyolite sills and dikes are intruued into the 
pre-volcanlc Redimcnbtry rocks on the north slopel'l oC Eagle 
Mounta in. Com'sely-c l'ystalline granite of a large intrllsive 
mass is found in the Quitman Mountains and probably was 
int ruded during the time of t he rhyoliti c eruptions. 

Tmchytic, phonolitic and andcfoiitic emptions follow the 
rhyolitic. A" yet we do not know if any considerable time 
il1lervened between the two. There is a dior itic intrusive 

MLOl'd, E . C. E ., Report on Igneous Rocks f rom the Vicinity of 
Snn Carlos and Chispn, Texas. U. S, Goo!. Surv. Bull. 164, pp. 90-95, 
1900, 
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mass in the western Chinati Mountains and a small plug 
near the head of the Pinto Canon. 

A large intrusive rna.::;s of quartz-syenite lies south of the 
Wiley Mountains and a number of other similar intrusives 
outcrop to the north and northeust of Wendell section house. 

The nodhern Quitman Mountains comprise the Ial'gest 
intrusive mass of Trans-Pecos Texas. The granite, already 
mentioned, occur" at both the north and south ends. In 
between and probably later than the granite is a large intru­
sion of quartz-syenite. Probably still latcr in age are dikes 
of diabase and augite-porphyrite, cutting the other intru­
s ives of the Quitmans. 

Basaltic iavUf, were found in the Van Horn :Mountains 
and also form the capp ing of three sharp peaks just south 
of t he west end of the Wiley 1\fountuins. Diabase dikes are 
especially numerOllS in the Rim Rock country and in Pinto 
Callon north of the Chinati Mountains. They were also 
found in northcm Eagle Mountain and in the Van I·lom 
Mountains. Two ser ies of diabase dikes. one serieti r un· 
ning north·south and another east·west, cut the upper Cre­
taceous sediments in the terl'itory between the Rim Rock 
and Rio Grande. Many of the diaba.se dikes are very fine­
grained. 

Contact ,Metanwrphism.-The di.'lbase dikes generally 
have hardened and changed the color of the sediments for 
a foot or two beyond the contact. A rhyolite dike cutting 
Permian limesLone in the arroyo about one-hl:ll f mile north 
of Eagle Spring' has changed the limestone into marble 
for an average distance of twenty-five feet from the con· 
tact. Trinity limestone has been changed to marble on the 
contact with an intrusive seven miles north·northeast of 
Wendell section house. 

The greatest amount of metamorphism occurs on the 
contact between Ryenitic, monzonitic or dioritic intrusives 
and t he argilhlceous limestones. Silica and compounds of 
the metals are added to the limestones, increasing notably 
their rna>;s. The greatest contact metamorphism known in 
Texas has taken place in the zone of contact between the 
quartz·syenite intrusive of the Quitman Mountains and the 
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Finlay limestone. 'These contact zones occur on the east 
side but the metamol'phism is best seen in the Big Gulch 
draining a low saddle across the intrusive mass from two 
to three miles south of the S. p, Well. 'f'he upper su rface 
of the int rusive hC I'e lies lower than to the north and south 
and there still exists a portion of th~ sedimentary roof. A 
great grossularite garnet zone is developed on the contact. 
Subordinate contact-metamorphic silicates are vesuvianite 
and actinolite. Beyond the gamet zone the limestone is 
changed to marble. Sandy beds on the contact are changed 
to hornfels. Much secondary ::;ilica in the form of quartz, 
chalcedony, hyalite, and chert has been added. Iron, manga­
nese, copper, zinc, lead and s ilver minerals, originally prob­
ably oxides and su lphides, have <llso been added to the 'con­
tact deposits. Hematite, both the specular and amorphous 
variety, often marks the actual contact and is found in 
fissures and othe r forms of cavities. Long acicular quartz 
crystals were often formed in cavities. Latest of all to 
form was botryoidal and mammilla)';\! chalcedony which en­
crusts t he other minerals. The minerals added in greatest 
amount to the sedimentary rocks are silica and iron oxide. 

MID-TERTIARY DEFORMATION 

After the eruption of all the igneous rockR, except pos­
sibly the basalts, they we re faulted and folded. The fault­
ing was most extensive in t he Van Horn and Tierra Vieja 
mountains and in the district between those mountains and 
the Rio Grande. The volcanic:.; were gently folded and the 
Big Bend syncline was formed. The g reater relief featUres 
seen at present in the region were made by those mountain­
making movements. 

EPOCH OF' BASIN-F ILLING AND RIO GRANDE BAS IN 
LAKE DEPOS lTS 

The uplifting of the preflent mountain ranges destroyed 
in large part pre-existing drainage Jines. Structural basins 
were formed between the mountain ranges. Some of these 
are yet basins of interior drainage. Parts of two of them, 
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the Salt Basin and the Eagle Fiut Basin, exist in the region 
we are considering. Originally. they existed all the way 
between the San Luis Park of southern Colorado and central 
Mexico and in Mexico some of them, like the Bolson de 
Mapimi, still exist. The basin of the Rio Grande, all the 
way from its source to the BoquilJas Canons at the eastern 
"ide of the Big Bend syncli ne was dammed and a lake or a 
seri es of lake!'! was formed along the present valley of the 
river. The lake depositR ocellI" all along the valley of t he 
river above the Boquillas CaDons. 

The lake deposits are iurgeiy silts, fine*grained and pul­
veru lent. ranging from flesh-color to orange-brown and 
light greenish-g rey. They contain much crystalline gyp_ 
sum (selenite) in ~ma ll films or irregularly-distributed 
clu~te l" s. Sometimes the silts are imperfectly-bedded; 
sometimes they are laminated. Some beds are ~andy, others 
contain little or no sand. L ight gl"ey, lime-cemented, cross­
bedded sand layers a few inches in thickness are sometimes 
interbedded with t he finer sediments . Where they rest 
directly against the bed rock fla nks of t he mountains they 
are often conglomeratic or contain talus breccia from near 
by ::;teep slopes of the bedrock. In Mexico two miles south­
east of the upper end of the Doquillas Canons fine ~ i lts rest 
directly against a Rteep, high scarp of Comanchean lime­
stone. Exposures 50 to 100 feet in thickness arc common. 
The highest exposu res on the flanks of the l\'la lone, Quitman 
and Eagle mountains a re auout 500 feet above the present 
river level, but as t he silts have been tilted and greatly 
eroded tlata on their original th ickne~ses arc lacking. "! 
They are much too fine and too well-assorted to be stream 
deposits. The deposits are dissected into badlands by the 
arroyos. 

Likely contemporaneous with lhe Inke beds are high-level 
alluvia l debris gnlvels now 800 to 1 ~00 feet above river 

~~North of Fort Bliss, nellr 1':1 Paso, water wells ha\'c Jlenetrated 
2300 feet or these deposits without reaching t heir base. A well 
drilled IUlur Newman, N. M., in the Hueco Basin just north of the 
Texas line, was still ill the lakc beds at u depth of 4!HO feet. 
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level, forming the divide between the middle course of 
Van Horn Creek and the Rio Grande in the vicinity of the 
Presidio-J elI Davis county line. The surface of these 
gravels slopes toward the Rio Grande with an angle of one 
degree. The gravels on the divide ate 100 feet or more in 
thickness. They are very coarse, ill-assorted and cross­
bedded; in short a typical alluvial fan deposit. There are 
boulders and pebbles of all si7.e.~ up to three feet; the larger 
are subangular to angular in contour. The gravels are 
igneous rocks and Cretaceous limestones and sandstones. 
On surface exposure the limestones -have been greatly dis­
solved by weathering agencies ; s ilicified fosf.;ils sometimes 
project as much as an inch beyond the limestone matrix, 
giving the boulders a strongly etched appearance, Tlle 
gravels are partly cemented by caliche (calcium car­
bonate), Theil' margins have been greatly di ssecteu. by 
anoyos, Their average ~\llgle of slope is less than that of 
the modern debris slopes, which suggests their formation 
at a time when the local base-level was higher than at 
present, 

No foss ils have yet been found in these deposits in Texas. 
The great vertebrate paleontologist, E. D. Cope, found 
fossil mammals of upper Miocene (Loup Fork) age in them 
nearly fifty yeal's ago in the upper Rio Grande valley near 
Santa Fe, N. l\'I, Very likely they are not all of the same 
age, The precise date of the mountain-making movements 
and of the formation of the lake 01' Jakes has never been 
determined, The earlier lJnconsoli date(~ deposits of the 
Llano Estacado of west 'fexa){ and eastern New Mexico 
were transported from the Tl'am,-Pecos mountains. The 
deposits of the Llano Estncado range in age from lowe I' or 
middle Miocene to cady Pleis tocene, Other evirlence in the 
Rocky :Mol1utains propel' appa rently agrees with the assign­
ment of t he beginning of the making of the present mou n­
tains to the Mid-'1'el,tiaJ"y, not far f rom the middle o( the 
Miocene. 

Except iT). the Rio Grande drainage arca these eal'liel' 
ba,;;in deposits are entirely concealed f rom view by the later. 
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A well at Hot Wells in Eagle Flat was sunk 1000 feet \Vith~ 
out reaching thei r b'lse, another at the very head of Green 
R iver (Glenn Creek) failed to reach their base at 1100 feet 
and another well len or twelve miles north of the Figul'c 2 
ranch fa iled to reach the bai'ic of the unconsolidated Salt 
B.'\sin deposits at 1620 feet . Bcd rock of lava lieR at a depth 
of 872 feet beneath the town of Valentine. 

LATEST F:POCH 

Subsequently the lake of the Rio Grande Basin was 
drained, presumably by the cutting down of its outlets. 
'When its surface became dry land the streams spread a 
covering of alluvial gravels and :;ands over the surface of 
its deposits . Earth movements, if, indeed, they were ever 
entirely quiescent during the later Tertiary, were renewed 
and the lake silts were tilted and faulted to some extent. 
On the west side of the Eagle Mountains near the bedrock 
contact they are tilted towards the mountains. They are 
tilted eastward, away from the bedrock, on the east side 
of the mountains. As t he variuus Rio Grande canons wel'e 
excavated to lower and lower levels by erosion, arroyos above 
the cai'ions cut deeper in to the alluvial capping and under­
lying lake silts until today both are greatly dissected with 
remnants left as high alluvial benches or stream cut ter­
races. In the Salt and Eagle Flat basins the process of 
filling-in still continues, but tributaries of the Rio Grande 
are gradually lengthening iheir courses headwards and 
capturing the borders of t he interior basins. 

PROBABLE EARTHQUAKE CRACKS 

Close to the head of Green River, beiween the Taylor 
ranch house and the road to the Mica Mine there is a series 
of deep, straight and narrow cracks. These cut straight 
across count ry in a general north-south direction. They 
cut the clays of the arroyo beds and the gravels of the 
benches. Earthquakes are the only agency known to cause 
such cracks. They may have been formed during the great 
earthquake in northeastern Sonora in 1887. 
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STRUCIURE 

(1) The northeastern area, comprising the Wiley Moun­
ta ins, the northern Van Horn :Mountains, the southern 
Carrizo Mountains and the nol'theast flanks of Eagle :Moun­
tain, constitute with the nOl,thern Carrizo Mountains and 
the southern and southeastern margin of the Diablo Plateau 
to the north of the region herein treated , an i rregular 
domical uplift. The Pre-Cambrian rocks hendn outcrop 
and the dome is the highest uplift in Texas. The great 
dome is much faulted. An area of overthrusting and ove r­
folding in a northeastward direction bounds it on the south­
west. There are a few fau Its running slightly north of 
east on this flank. These are characte r ized by great hori­
zontal displacements. Both the above series of faults were 
formed by the late Cretaceous mountain-making. The 
second series. of dip faults, displace the overthrust and 
overfolded strata; hence are later in date. Another series of 
fnults runs northwest-southeast. These are of the normal 
or gravity type and date from the mid-Tertiary epoch of 
mountain-making. 

(2) Igneous intrusions have produced h igh structural 
areas in the regions of the Chinati and Quitman mountains. 
The Chinati intrusion has brought the Permian and Trinity 
to the surface within the lim its of the area included in this 
report and Pennsylvan ian !';trata to the su rface southeast 
of its limits, The Quitman intrusions have uplifted t he 
Trinity on theil' summits and eastern flanks and may have 
greatly aided in bringing the Permian and Juras!';ic to the 
surface west of the intrusions. The granite at the south 
end of the Quitman intrusive mass breaks sharply acl'oss 
the strike of the Trinity and at the north end has folded the 
Washita into a syncline between it and the Sierra Blanca 
intrusion but has not brought to the surface the Trinity 
;md Fredericksburg. It is suggested that the intrusive 
absorbed with its mass ("stoped") the sediments at 
their north and sou th ends and to t.he east and west lifted 
the sediments. It was mechanically easier to lift t he sedi­
ments along st rike lines than at right angles to those lines. 
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(3) The most complicated structure is in the Malone, 
Eagle and Quitman mountains. Close fo lding, over turning 
and overthrusting are common in those mountains. The 
structural axes run northwest to southeast and the over­
turning and Qverthrusting is to the northeast. In age these 
structures belong to the late Cretaceous mountain-making 
epoch. 

(4) In the southern Van Horn l\'1ountains and the Rim 
Rock country the structures run from north-south to north­
west-southeast. The folding is gent le to medium in its 
intensity out faults are extensively developed and some of 
them have great amounts of displacement. There at e 
some minor east-west fau lts in the San Carlos cou l area. 
These structures nre of Mid-Tertiary date of formation. 

Each of the areas above outlined are therein shown to 
have rather definite structural characteristics and may 
be regal'eled as different structural and physiographic 
provinces. 

There is a faul t sca rp marking the west base of the Wiley 
Mountains. The displacement here is between Pre-Cam­
brian and Lower Permian and amounts to at least 300 feet. 
The fault runs a few degrees west of north. The Wiley 
:Mountains and the region south of it and north of t he line 
of the Southern Pacific Railroad has gentle dips with no 
pronounced structul'al lines. The Permian of the Wiley 
Mountains has a general gentle eastward dip. 

Three faults of moderate displacement were mapped in 
the southern Carrizo Mountains east of Dalberg section 
house. Here the Permian has a general southwest dip. 
These faults run north-northwest. The Pre-Cambrian of 
the Mica Mine locality forms the center of a small dome 
with the overlying Pe rmian strata tilted away from the 
cen ter of the uplift. The uplift is bounded on the east­
northeast by a north-northwest running faul t, which brings 
the Cox sandstone down to the northeast in contact with 
the Pre-Cambrian and Permian. A broad and gentle anti_ 
cline with north-northeast major axis crosses the Permian 
ou tcrop west of Lobo station. The Cox sandstone on the 
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east flanks of the Van Horn Mountnins dips southward at 
the rate of about foul' degrees. On the north and west 
flanks of the northern Van Horn Mountains the Cox has 
some broad and gentle folds with axes running from north­
south to the north-northwest. The wino gap in the moun­
tains about twelve miles south-southeast of Van Horn Wells 
is apparently crossed by an east-west fault increasing in 
disphlcement to the west. The folding becomes more intense 
on the west flank both north and south of t he probable 
fault. There is a very sha r p and narrow anticline running 
nearly nor th-south th rough the summit ridge. South of 
this the str uctural line!:> curve to the southeast. 

A great line of faulting begins about five miles northwest 
of Chispa summit. This fault first runs southward fo r 
about eleven miles, the amount of displacement steadily 
increasing in that direct ion. East of the fault the Washita 
and upper Cretaceous dip almost due south at the rate of 
about seven degrees. West of the fault the Frededcksburg 
and Washita dip westward at the rate of about twenty 
degrees and within half It mile to a mile the dip flattens to 
one-th ird that amou nt . The Fredericksburg along the fault 
line has been dragged down to the east by the movement, 
which appears to have been largely of the nature of an up­
thrust. Some two miles south-southeast of where the rhyo­
li tic volcanics al'e brought down to the level of the Taylor 
the fault line 01' zone tu rns southeast for seven miles, still 
running between the volcanic3 and the Taylor. Beyond this 
it was not traced but it appea rs to continue Rome forty miles 
in a genel'8l southward dil'ectiOll though not in a straight 
line to the Routhern limit of the area included in th is report. 
Just west of the old town of San Carlos the displacement 
between the quartz-pnntellel'ite on the west and the coal­
bearing Taylor on the east is 2000 feet more or less. About 
seven miles southwest of Bl'ite Postoffice and ranch head­
quarters and also on the Candelaria road the lava is fa ulted 
down into contact with pJ'obable Taylor. In Pinto Cai'ioll 
the fault brings the probable F l'erlericksburg into con­
tact with the Per mian. There may be several faults or a 
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zone of fau lting instead of one continuous fault. Minor 
fault.s some north-south, others east-west and some north­
northwefit are common in the country between the Rim Rock 
and Rio Grande. There ~\r(~ also gentle folds with axes 
ranging in direction from northeast to north and north­
west. A syncline with northwest mds runs for about nine 
miles through the volcanics near the divide between upper 
Van Horn Creek and Rio Grande. Lower Van Horn Creek 
follows the axis of a northcast-southwe.:;t anticline of rhyo­
litic tuffs. A number of smaller anticlines and synclines 
are found in the coal-bearing Taylor near old San Carlos 
and to the north and south. A north-south anticline ex­
pOfies the Permian in Pinto Canon. The Rim Rock quart7.­
pantellerite lava flow dips east or emIt-northeast at angles 
up to eight degrees and this same general direction of rlip 
continues to the t rough of the Big Bend syncline far to 
the east of the area included in this report . 

The great structural trends of the northwestern Rection 
are northwest-southeast al though along the Rio Grande they 
become more nearly north-30uth. The structure of the 
l\'lalone Mountains has already been described in t he sec­
tion on the Malone beds. On the southwest flank the Trin­
ity dipping Routhwest apparently follows in upward succes­
sion the older rockR. Tn Devil Ridge and the Quitman and 
Eagle mountains changes in st rike lines often take pla~e 
along lines of overthrusting. 

There has been considerable crumbling as a consequence 
of intrusive forces later than t he first epoch of folding in the 
sediments adjoining on the east the Quitman in tJ'usive mass. 
The structures fOl'med by the intrusion have nOl'th-south 
strikes parallel to the east side of the intrusive mass. The 
structural influence of the intrusion come::; to an end about 
four miles southwest of S ierra Blanca station. 

An overthrust runs just to the northenst of t he summit 
ridge of the northwef>tern two-thirds of the southern Quit­
man Mountains, bringing ~tl'ata of the Finlay formation 
over th ose of the Fredericksbu l'g. Southwest of the over­
thrust the Trinity strata are overtut·ned for a distance of 
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some fOUl'teen miles southeast of Quitman Gap, Farther 
southeast there is close folding with some local overturning 
antI the strike swings until it is north-south along the Rio 
Grande. To the east in the lower half of the Rio Grande 
Canon across the mountain ridges the strata are again O\-e!'­
turned and there iR at least one overtht'ust. Still farther 
east, near the lower end of Quitman arroyo the structure 
again becomes norma! but the dips are steep. Just west 
of the divide on the Hot Springs road there is an east­
northeast fault of large horizontal diRpiacement. To the 
northeast of the main overthrust area in the northwestern 
two-thirds of the sou thern Quitmans the dips range from 
medium to ver tical. 

An overthrust on the southwest s ide of Devil Ridge brings 
the Cox sandstone over the F inlay. The Cox sandstone in 
Devil Ridge is either in an overturned anticline or else is 
overthrust over the Finlay in the fimall hogbacks to the 
northeast. Two and one-quarter miles s~lIth\Vest of Gray­
ton section house, the Finlay is horizontal. From two mile~; 

to the east of the Routh end of Devil Ridge southeastward 
to the north base of Eagle Mountain the lower Trinity is 
overthrust on top of the Eagle F ord. The overthruRt fau lt is 
cut and displaced hy three faults running in general slightly 
nor th of caRt. The southern of these runs through Eagle 
Spring and has a horizontal displacement of someth ing 
like a mile. It is well exposed near the middle of its course . 
HCl'e the dip of the fault plane is !'lixty degrees to the north. 
Bed" are dragged down on the fault p!ane as if displacement 
were of the normal type. Bl'ittle, brecciated, brown sand­
stone capped by heavy-bedded brecciated Finlay limestone 
forms the hanging wall and medium-bedded limestone, 
brecciated, and succeeded by rusty brecciated sandstone 
form s the foot wall. The fault plane is exposed for several 
hundred feet vertical distance in the walls of an arroyo. The 
zone of brecciation extend" fully 100 yards from the fault. 
The northern fault, which passes near the J udge Love 
ranch house, has a horizontal displacement of approxi· 
mately 2000 feet. It is probable that these and the other 
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cross faults in t he Quitman and Eagle mountains were 
caused by thrust movements slightly later in date than the 
overfold ing and overthrllsting. 

By far the greatel' amount of the strata in the southern 
Quitman Mountai n;.;, t he Dev il Ridge and adjoining t erri­
tory and on every side of Eagle Mountain proper are iso­
clinal in structure and dip southwest. This is markedly 
changed about five or s ix miles southwest of the summit of 
Eagle Mountain, where the stl"ike abruptly turns at a right 
angle to the northeast-southwest. Cross faul ti ng with 
horizontal dis;placement may be found in the vicinity of 
Oxford Springs, which li es in the zone of transition. To 
t he south the stl-ike!' run north-northwest and folding is 
mainly normal except to the east of Oxford Mountain where 
there is wme over folding and where an overthrust brings 
the 'l' rinity over the Upper Cretaceous. 

The Texas zone of inten!';e folding is ci rcumscribed wi th in 
narrow limi t~ . None of it is vis ible northwest of the rail­
way line, although in the territory between the Finlay 
Mountains and the Franklin l\'Iountains the structures may 
be deeply buried beneath bolson deposits.Rs The northeast­
ern visible boundary is the debris flat at the northeast foot 
of Eagle IVIountains. The southeastern boundary runs 
from the northern end of t he Upper Cretaceous exposure, 
about seven miles east-sou theast of Eagle Mountain summit, 
west-southwest to the mouth of the Rio Grande Canon 
acro"s the Quitmans. To t he south, east and north there 
are areas of much gentler folded or scarcely deformed 
strata. The high Diablo Plateau, an immense area of 
nea rly fla t-lying compete nt ant hracolitic limestone with 
average thickness of a mile bounds the intensely deformed 
area on the northeast and east. This may have se rved as a 
buttress against which thnlsts ope.rating in a northeastward 
direction piled up or perhaps they partially overrode t his 
buttress. It is commonly thought t hat s tlch thrusts have 
come from a direction at l'igh t angles to the stl'uctul'allines 

"~The zone extends at least- as far as Alarcon H Hl, 7 miles north­
west of Finlay station. 
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which they form. Accordingly in this instance there would 
have been an overthrtH,t from the southwest, an underthrust 
from the northeast, or s imultaneous movements from the 
two opposite directions. Still it is possible t hat the main 
force or opposedly-directed forces operated parallel to the 
structural axes formed or diagonally to the latter. There 
are also to be t aken into consideration t he thinning-out of 
all the Cretaceous sed iments to the northwest and the pass­
ing of the T rin ity and Fredericksburg strata to the south­
east into very competent heavy limestones some 3500 feet 
thick. Also there was about a mile thickness of Upper Cre­
taceous s trata over the Comanchean strata when the defor­
mation began. The direction of yielding of rocks lmder de­
formatives force.:> is ~l resultant (IF the direction and strength 
of t he deformati ve forces, the resistance of t he rocks de­
formed and of those of neighboring areas and the original 
loads over the defo l'med rocks now exposed at the surface, 
Such in tense deformation will not reach to any great depth):; 
and in it rocks move latel'ally more tha n they do vertically. 

The great valley areas between the folded bedrocks of the 
mountains southwest of t he Quitman Mountains, betwecn 
the Qui tman and Eagle mountains and to the northeast of 
the E agle Mountaim; are probably synclinorial areas of 
Upper Cretaceous rocks hlll'ied beneath the allu vi um. Such 
at least is the case in northea3tern 1\'lexico. 

PHYSlOGR .. \ PH Y 

Minor physiograph ic featureR of Trans-Pecos Texas and 
their or igin have al ready been di scus<;ect in previous report s 
by Dr. Udde n and the writer.~:l The same processes oper­
ating on thc same rocks undel' the same climatic conditions 
as in other parts of Trans-Pecos Texas are found here also 
and their di sc113s ion would be unnecessary repet it ion. The 
larger relief features and the COlll'Se of the Rio Grande will 
be briefl y described and explained. 

J~Reports on Chisos, Shafter, and Southeastern T rana-Pecos Texas 
districts. 
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Some of the mountain ranges of this region are erosion 
re8iduals in the sense that t hey owe their present forms and 
base and summit outlines to erosive agencies t hnt have been 
in ope ration so long that the original features of the de­
formed mountains have for the most part been destroyed. 
These al'e the olnel' mountain ranges in which the physio­
graphic erosion cycle hHS r eached to t he stage of maturity 
'0 1' beyoncrthat stage. In s uch, ineqnalities in resistance of 
t he val'ious rocks to erosion aloe mainly responsi ble for both 
major and mino!" relief features. The structural attitudes 
of t he rocks, form ed by deformative forces, determine the 
shape and form and direction of t he relief-of the hills, 
r idges and dl'::linage lines,-hoth major and minor. The 
more ]'esistant rocks form the topographic proj ections and 
the less resi!<ltant the topographic depressions. 

In the eastern part of the Van Horn Mountains the sedi­
mentary rockii li e nearly h orizontal resul t ing in a tcrrace­
step and mesa topography. The more resistant layers fOl'm 
the abrupt steps on the side or the cappings. The less re­
sistant rocks in between form the gentler slopes and conse­
quent to thei r more rapid weathering and removal under­
mine overlying more resistant rocks, causing them to fall 
off and give steep cliff faces along fractures and joints. 
Vall eys and drainage lines form in regions of less resistant 
and more eas ily removed rocks. Less resistant rocks have 
smoother, more subdued, su rface topography ; more resist­
ant rocks steeper and higher topography. 

When st rata are tilted as in most of the region, especially 
in Devil Ridge, the southern Quitmans and in the Eagle 
Mountains except the lava-covered areas, the more resistant 
layers form cuestas or hogbacks, with the dip s lopes of the 
upper surfaces of the more resistant layers forming one 
flank and the escarpment, where the resist.:'l.nt rock breaks 
off by undermining, the opposite, generally steeper, flank, 
followed, however, on the lower slopes by more gentle 
gradients wherever there are less resistant rocks. The 
valleys run parallel to the ~trike, beginning their history on 
the less resistant rocks. When strata become vertical the 
more res ist~mt form perpendicular coxcomb-like ridges, 
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like the long ridge of heavy-bedded Finlay limestone fl'om 
four to six miles sou theast of Eagle Mountain summit. In 
the arid cli mate heavy well-cemented limestones and sand­
*'tones are the most J'esistant rocks and fOl'm the boldest 
relief features, 

The mature or pOflt-mature rangeH are the Malone, Quit­
man, Eagle and Van Horn mountains, These are charac­
terized by lack of continuity in lhei l' summits all(I, more 
specially, by base lines neither regular nor straight. 

The Wiley and Tierra Vie.ia mountains m'c younger 
ranges and in outline and majol' relief show more the direct 
effects of mountain-making fO J'ces ~md lesfl the effects of 
erosion. A fault flcarp forms tbe west cl~fr aud highest 
summit ridge of the Wiley Mountains, Anothcl' great fault 
lies between and parallel to the Rim Rock summit of the 
Tierl'a Vieja Mountains and the course of the Rio Grande. 
This fault probably begins at the north between Lobo station 
and Van Horn wells and extends a little east of south all the 
way to the Chinati Mountains. The scarp of Cox sand­
fltones fo rming the eastern base of the central Van Horn 
1I1'1ountains has a fairly straight base-line and is not a strike 
escarpment, as it would be if formed pl'imarily by erosion. 
but is a scarp at r ight angles to the strike; hence appears to 
have formed primarily by faulting, South of Chispa sum­
mit the scarps along the fRuit Hre formed by the more re­
s ifltant rocks, It must necessadly be so unless the fault ing 
\VC I'e very recent, since most of the rocks along the fault 
,we uncoMolidated volcanic tuffs or soft clays and shales, 
which are rocks of extremely pOOl' resistance. 

There are two kinds of fRuit SCRl'PS and the difference 
between them is mainly a matter of age. In fault scarps of 
recent faulting the llpthrown fl ide forms the flcarp 01' topo­
grallhic prominence, regardless of which side may have the 
more resistant rock. In other words, the faulting has been 
so recent that erosion Hubsequent has played but a minor 
djle, The second kind of fault flca l'p may well be termed 
the erosion-fault-scarp, the scarp being situated at or near 
the fault but the topographic escarpment may be either on 
the upthrown or downthrown ulock and is always fOl'med of 
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mort! resistant rock. The scarp owes its prominence to 
differential erosion and the faulting itself may be of ancient 
date. In the Great Basin r egion of the United States many 
of the fault scarps were formed by very late faulting. These 
fault sca rps are very little eroded. They often have perched 
01' hanging valleys with greater gradients Whel"e they cross 
t he scarp than higher up t heir courses. The scarp front 
shows t r iangular facets with straight bases fo rmed by the 
fault and steep undisfiected slope surfaces. The triangulu:" 
facets are separated f rom each other by steep, deep and 
narrow, V-shaped in cross section, ravines and canons. 
Minor drainage lines on the scarp front are either for t he 
mORt part wanting or else a:-; yet but poorly developed. 
Furthermore, many of the young faults and fault scarp~ of 
the Great Ba:-;in cut diagonally across rock structu res of 
older date and drainage lines on the fault scarps and often 
in t heir upper courses in the highlands back of the fault 
scarps show relat ively little adjustment to inequalities of 
rock reRistance. Some of t he best examples of scarps pro­
duced by late or recen t faulting are found in the Wasatch 
and neighboring ranges in the vicinity of Salt Lake City. 

The Trans-Pecos ranges of TexaR and New Mexico exhibit 
fault sca t'ps and these ranges are rather typical Basin 
ranges. Bu t in general the Trans-Pecos fault scarps are 
more great ly modified by erosion than the younger portion 
of t he fault scarps of the Great Basin. In nearly all the 
Tram:;-Pecos fault scarps the faulting is parallel to the 
strike of the rocks, Also, the summi ts of the scarps have 
receded a considerable clii'itance from the fault lines. A 
number of high limestone scarps of the Trans-Pecos country 
have been called fault scarps although no faults can be 
found. Such sca rps in some instances may be purely ero­
sion scarps, s ince the decisive criteria of fault scarps are 
wanting. . 

That at least the major part of t he faul tings producing 
the f,Hult scarps in t he Tran:o>-Pecos ranges of Texas and 
New ]\'lexico are of older date than the faulting producing 
the younger and mo re pe rfect fault ~carps of t he Great 
Basin may be deduced from the following considerations, 



Geology of a Pm't of Southwestern Tmns-Pecos TeX!l8 51 

although some of the Great Basin fault scarps are likely as 
old as those of t he Trans-Pecos country: 

1. Drai nage lines on the TrAns-Pecos fault scarps and in the 
highlands buck of the fHult scarps ure much more perfectly 
I.Ldju!.1.ed to inequal;ties of rock resistancc. 

2. The scarps have receded farther from the fuults . 
3. Triangular faccts are conspicuously lacking. 
4. The formation of the fault scarps was one of the processes 

forming the basin of inter iOi' dl'ain-llg-e and deposit.9 fOI'med 
ailel' the faulting occurred uI'e UPller Miocene age in the 
Santa Fe Basin. 

There is nothing known in the Great Basin to preclude 
and, indeed, there is considerable evidence to favor the view 
that fau lt scarps began to form there as long ago as the 
Miocene. But it should be empha~b:ed that post-Miocene 
fault ing is relatively much mo re important in the Great 
Basin region than in the Trans-Pecos region . In the latter 
region the mountain-making movements-probably the 
faulting also--did not end with the Miocene but the mai n 
structural features were formed by Mid-Tertia ry move­
ment" and those Mid-Tertiary movements may have been 
greater in intensity than all subsequent movements, The 
point most impor tant, however, ia that both regions are 
similar in structure and that these structures were formed 
during the later Cenozoic. Fault scarps are youthful fea­
tures and under any known or conceivable climatic condi­
tions no fau lt scarp could have lasted throughout the cntil'c 
Cenozoic. 

Where fau lt sca r pR a re known or suspected, in the reg ion 
between the Rio Grande and the Pecos, no strong deforma­
t ion took place between the upper Pennsylvanian and the 
l\-lid-Tertiary. The rocks forming the scarps are very 
largely heavy, Rolid limestones of the Pennsy lvanian and 
Permian. Whatever strong deformation these rocks have 
suffered, either by folding or by fnu lting, has taken plnce 
during that epoch herein refer red to the Mid-Tertiary or to 
later movements parallel to the Mid-Tertiary lines of defor­
mation. Therefore the longer faults of greate r displace­
ment are parallel with the stri ke and with the major axes of 
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the folds. The great faults occu r almost invari ably a long 
the higheHt portions of the anticlinal axes. There wel'e first 
formed the anticlines, which became unsymmetrical with 
steeper di ps on one flank. When the steeper dip locally 
approached the vertical the continuity of the strata was 
broken and displacement by fa ulting took place. The fau lts 
formed along the axes on the flanks of the steeper dip. The 
faults therefore represent the places of highest structure on 
unsymmetric~\l anticlines, where deformation was intense 
enough to cause f racturing and di splacement. 

An ticlinal areas suffer g]'eater eros ion than synclinal. 
They are higher and t he ,streams have greater transporting 
power, rainfall is greater, and abrurt changes in tempera­
ture are greater. Furthermore, t he rocks on the upper 
flanks and axes of anticlines are stretched during the fold­
ing. The sil'etch ing forms j oints and other fractures which 
are li nes of weakness where erosion is more active. Hence 
erosion makeR great strid es in regions of highcl' stru ctu re 
011 anticlines and before long valleys are formed. Erosion 
scarps of the more resistant layers are formed and recede 
in prec isely the !';ame way down the dip and with the ir 
fronts coinciding with the strike along the anticlines as 
along the fault scarps. Th is is why the geologist must be 
cautious in the Trans-Pecos country or he will mistake 
ordinary scarps of erosion for eroded fau lt scarps. 

The top of the west scarp of t he Wiley Mountains has 
receded from one-half to three-Ilfths of a mile back from 
thc fault line at the base. Three-fourths of the scarp is 
formed of resislant limestone; the lower one-fourth is less 
resistant schists. Undermining has played an important 
rOle in the rcte!';sion hut s ince it is a process mostly con­
centrated in one zone recession has been less rapid than in 
the average case. The Rim-Rock esca rpment has receded 
from one-half mile to six miles from t he fau lt. Here re­
ces::;ion is a very rap id process; the dip being low and di s­
placement measured in thousands of feet gives high r elief 
and facilitates erosion. There are on ly one or two layers 
of res i ~btnt rock- the lava flows-in the section of the up­
thrown block; the Upper Cretaceous t>hal es and the volcanic 
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tuffs are extJ·emely sllsceptible to mechanical disintegra tion, 
\ ... ·earing of erosion and are easily transported. Recession 
ha!o\ therefore been rapid. The gnldicnt between the Rim­
Rock and Rio Grande averages about three hundred feet to 
the mile, which means rapid erosion and tl'ansportation. 
The tipper slopes are so steep there is a great deal of slump­
ing. Pinlo Cafion, which has ve l'y steep gradient in the 
bedrock sections of its course, has accomplished a great 
amount of ero:dve work and that in rocks relatively more 
resistant t han t hose of the uTlthrown block farther to the 
north. The second greatest amount of absolute relief 
within a short distance in Texas is that between the summit 
of Chinati Peak and the Rio Grande twenty miles distant. 
This amounts to 5000 feet, 3500 feet of which comes in a 
dhitance of three miles. This upper gradient is surpassed 
in Texas only by that of the western fault scar p of Guada­
lupe Mountains which falls 4500 feet in one and one-fifth 
miles. 

The country between the Rim Rock and river is very 
picturesque and extremely rough. It is well exhibited 
along the road from Brite's ranch to Candelaria. The Rim 
Rock forms a steep pJ'ecipice from 150 to 300 feet in height, 
the scarp side of a long and lofty cuesta, gJ'adually rising 
westwanl above t he b'lsin flat near Valentine. Westwatd 
from the Rim Rock the country fa lls rapidly to the river. 
The upper slopes are strewn with a wild jumble of great 
rocks which have toppled off the cliffs. Lesser hogbacks 
and terraced buttes and mesas form the most striking fea­
tures of the intermediate regions. These are sepa l·ated 
by steep and deep gorgei>. The lava flows are dark reddh~h­
brown. The inter layered t uffs often weathering in to a 
minutely dissected, gullied, badland topography range in 
hue from white to almost every Rhadc of red, yellow and 
green, the colors being distributed in broad layers. The 
relief feature!:! arc visible in greater detail and the colors 
blend more harmoniously when the sun is near the horizon. 

Pinto Cai'ion has cut a gorge about five hundred feet in 
depth in the Permian bedrock below the level of the gravel 
benche::; of the lacustrine epoch. This gives a measure of 
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the eros ive work accomplished since the draining of the 
Rio Grande interior basin. It forrrs but a fraction of the 
total erosion since the Mid-Tertiary mountain-making, The 
down-cutting action alone of that canon in the time between 
the beginning of the mountain-making and the draining of 
t he basin amounted to 2000 feet. Very striking is the con­
h'ast between the rough <lnd steep topography of the head­
waters t r ibutaries of Pinto Canon falling down the steep 
erosion sca rp and the flowing curves of the low, rounded 
hills on the opposite side of the divide in t he drainage area 
of the Salt Basin as seen along t he Cuesta del Burro on 
the Marfa-Ruidosa road. On the one side are the bold and 
youthful erosion formR of the Rio Grande draimlge and on 
the other the .subdued, old age topography of the older cycle 
of erosion Rtill operative over the region of interior drain­
age. 

Tel'raCeR of rejuvenation arc found almost everywhere 
along the Rio Gl·ande and itR principal tributarie!'.. Gully­
ing is so common the unconsolidated deposits exhibit some 
of the roughest and most wearisome llections of the entire 
region. Rejuvenation has not yet reached back more than 
twenty miles up Green River , at the head of which the baRin 
filling is yet undissected and at least 1100 feet thick. Be­
fore the rejuvenation the Trans-Pecos mountain country 
greatly resembled the Great Basin region of today with allu­
viated basins merging around the ends of the mountain 
ranges and debris slopes rising gently (rom the lower basin 
fla ts towards the bedrock of the mountains, which they 
largely 01' in some cases enti rely covered. This old-age 
stage of the interior basin erosion cycle is still developing 
at the head of the Salt Basin in the country around Marfa. 

Where lava is the predominant or the only rock exposed 
in a .section of great thickness two types of topography are 
developed, one older and gomewhat more .subdued in the 
region of interior drainage and the other with great cliffs 
in the rejuvenated regions now tributary to the Rio Grande. 
The greate~t eontraRt i ~ that between the precipices of t he 
Chinati Mountains and the rugged but less steep slopes on 
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the north s ide of Eagle l\1ountain, When tuffs are inter­
bedded with the lavas the erosion forms are much like those 
produced in ~edimentary l'ocks where beds of clay or shale 
alternate with heavy limestones, Erosion forms in the 
thick lava flows free from interbeds of tuff are similar to 
thoRe in thick massive limestone. 

Erosion forms in intrusive igneous rocks are distinctive, 
The Quitman intrm;ive mass is the best illustration the 
region presents, ' The surface is strewn with rough-sur­
faced but rounded-edged boulders of di sintegration, 
Rounded bosses of the bedrock give ]'ough su l"faces, The 
bedrocks ri~e abruptly above the Hlluviated lower slopes, 
The climate is desertic and the ground-water level lies hun­
dreds or even thousands of feet deep and the int rusive 
rocks, of heterogeneous minCl'al compos ition, [,re partially 
dis integrated and decomposed to great depths, Extensive 
jointing develops partly on original cooling, partly through 
deformative stressl.;'s and strai ns and partly by the varied 
processes of weathering. On the lHlrface the zones of weak­
ness arc rapidly attacked by weathering agencies. At the 
intersection of joints these processeH working inwards from 
both s ide:; penetrate mOHt deeply ~tlong the edges. The rock 
already di:;;tintegrated spalls off largely as t he effect of 
strains caused by expansion and contraction during the 
rapid changes of temperature in an arid region, Rounded 
edges at the in te l'section of planeR of weakneHs thus oevelop. 
When a block become!> separated from its neighbors the 
disl'upting influences have full play Oll all Hides, Then the 
rock begins to fall apart by the detachment of gmall thin 
concentri c surface layers , 'fhese constantly tend to give a 
more rOllnded su rface contoul' and the boulder of di sinte­
gration tinally be~omes more g pheric~l. The form assumed 
if; the Rame in an a lmost rainless desert as in the most humid 
t ropical, temperate or even arctic climate. But thel'e is 
much less decomposition of the minerals in the al'ct ic and 
deserts, Depos its of disintegrated minerals, little decom­
posed, fo rm in both the desert and the lwctic i'eglon f rom 
the breaking down of crystalline rockR, Many of the finer 
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of the disintegrated mincml;; are transported by the desert 
winds. Others roll down the sleep slopes and accumulate 
in hollows or along the bases of the cliffs and remain thel'e 
until removed by running water or until upon further disin­
tegration they become fine enough to be removed by the 
wind . The vegetation is generally so scant and moisture so 
sca rce that the ,disintegrated 'particles do not remain long on 
steep slopes, hence the surfaces arc prevailingly bedrock. 

The course of the Hio Gnmde fl'om EI 'Paso to Presidio 
follows the structural hasin!-1, flanked on the Mexican side by 
high, steep, long and narrow folded mountain ranges, with 
the exception that i t cuts in canon.:; across the Quitman and 
Eagle mountains. The Quitman ridge:; die out in the flat 
a ~hol"t distance south oC the river but the Eagle Mountains 
south oC the r iver rise into a high mountain ridge which 
continues all the way south to beyond t he Conchas River 
which cuts acrOSH it in a cal'1on. 

We know nothing whatever of the drainage courses pre­
vioU!; to the Mid-Tertiary deformative epoch, except that 
the dl'ainage flowed in the same general direction as now. 
The ridges through which the Rio Grande cut its canons 
acress t he Eagle and Quitman mountains do not rise more 
than 500 feet above the pl'esent river-level. As the lake 
beds filled the valley to a height of fully 500 feet above the 
river level the l'e is no need to poRtulatc an antecedent course 
of the river through the canons, Sites of the present 
canons appear to have been low saddles at the end of the 
deformative epoch, latcr they were covered by the lake and 
when the lake was being drained the channels began to be 
cut and continued gradually to cut lower until the present 
day. It is then pl'obable they began as the drainage outlets 
of the lake. Tilting towal'ds the Gulf of Mexico, which cer­
tainly happened at the beginning of the Lafayette epoch in 
the region em:;t of the mountains may also have taken place 
in the mountains and if so, aided in the draining of the lake. 
Otherwise, the gradual advance of the Rio Grande drainage 
upstream accompli:;hed it, 



Geology 01 a Part 01 Southwestern n·an,o.;-Pecos Te~'a /j 57 

GEOLOGIC HISTORY 

The later Pre-Cambrian was a time of intense folding. 
dynamic metamorphism, igneous intrusion and long-con­
tinued erosion which swept away former su rface J'ocks to a 
depth of at least two miles and perhaps several times that 
amount. At least paris of the region \"'ere probably covered 
by seas during the Uppe l' Cambrian(?), Lower and Upper 
Ordovician, Middle Silurian. late Mississippian and Penn­
sylvanian, deposits of which are still left in adjoining 
regions. In thi s region, however, with t he exception of 
remnantal portions of the supposed Upper Cambrian Van 
Horn sandstones, all sediments of the early Palaeozoic seas 
so far as known wel'e removed by erosion befo re the Per­
mian, although such sediments may lie buried under some 
parts of the region, The Upper Pennsylvanian epoch of 
mountain-making knuwn in other parts of the Trans-Pecos 
country probably affected this region also, although when 
the Per mian sea ad vanced over it the land had been reduced 
to low relief. The Permian deposits contain very little 
detrital sed iment which show:,; t here was clear water during 
lower Permian time in th is region, Gypsu m bedR in the 
Malone Mountains were laid down where evaporation of the 
water took place at a more rapid rate than it was supplied. 
Deposits of the Lower Permian sea are kno\vn f rom north­
central Mexico to northern Kansas and they covered the 

. entire Trans-Pecos region . 
The region was land during the first half of the Mesozoic 

and the erosion waR great and long-continued, so that depos­
its of later Mesozo ic seas reRt at different places in the 
Trans-Pecos cou ntry on all the Palaeozoic rocks of the 
region as well as the Pre-Cambrian. This Rca advanced 
from the Mexican region. reachi ng the Malone Mountains in 
the Upper JuraSRic. During the Tri nity epoch high land 
existed to the we~t, for t he Tri nity deposits of sou thwest­
ernmost Trans-PecoR Texas are thicke r than elsewheJ'e in 
the State of Texa.<l and contain a la rge proportion of 
detrital material. Eastward they thin and become more 
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charactedstically clear water, the Trinity in the southeast~ 
ern part of the Big Bend country being 2000 feet in thick­
!less and mostly limestone. The great Cretaceous epiconti ­
nental sea continued its advance ovcr the western interior 
regioll of North Amct"ica until near the close of Eagle Ford 
time but it shallowed somewhat and contained more Ja:r.d 
detritus after the Washita epoch . The Austin in this 
region apparently contain;; none of the chalk so character­
istic in other parts of Texas. The land began to I'ise if! 
central or western Mexico at the heginning of the Austil~ 
and fine shales denoting somewhat tl1rbid and sha llow watel' 
were deposited in this region. The sea continued to shallow 
during the Taylor, surrounding land areas continued hI 
ri~e and towards the end of t he Taylor epoch coa l beds wcr,' 
laid down, perhap~ in a shallow lagoon 0\' estuary. A ~ 
the close of the Taylor the :>ea withdrew completely Hnd a 
mountain fOl'ming epoch 'was in itiated. The strata wcre 
intensely folded and overth rust, the newly-made mountains 
were deeply eroded a nd tremendous volcanic activity en­
sued, a li dUring the iHter Cretaceous. Erm;ion and volcanic 
activity contin ued during the early Ter tiary. Then, nea r 
the middle of the Tertia!'y the mountains we re again Up­
lifted, although the deformation was less intense this time 
than before. The present mountain I'anges were fo rmed, 
between which there were large basins of interior drainage 
the lower parts of which wel'e covered by lake waters. Near 
the close of the Tetlia!'y, probably during the Lafayette . 
epoch, the lakes were drained and the Rio Grande formed 
its present couI'se. Erosion has continued in the highland 
areas until t he present day. Deposit;; are still forming in 
the Eagle Flat and Salt basins, which are still undrained. 

"XONOMIC GEOLOGY 

OIL Ato.: O "AS I' H OSI' ~;CTS 

Generally a region affected by igneous intrusions and 
badly fau lted is not reganled very favol'able for oil and gas 
by t he geologist, Still every region must be judged by its 
own particular conditions. There are places in the world 
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yielding profitable ~upplie~ of oil 01' gas which are badly 
faulted 01' intruded by igneous rocks or both. Profitable oil 
occurs in faulted aren!4 in Galicia. Rumania, Russia. Mexico. 
and Peru. Faulted al'cas in compactir-cemcnted rocks gen­
erally permit the e!>cape of oil and gus to the su rface. But 
in loose or poody-compacted sediments the faults al'e often 
sealed by by "gouges" of impervious material ancl may thus 
form structures somewhat anulogous to anticlines and favor­
able 1'0\· accumulation of oil aT gas 01' both. Some oil is 
found in the vicinity of igneous dikcs and other intrusive 
masses tn certain .Mexican fields. In some im;tances dike~ 
may form dams behind which oil and gas accumulate and 
sometimes the metamorphism of the sedimentary country 
rock by the intrusive effectively !>eals up the contacts be­
tween igneous and sedimentary rocks. For the above 
reaOion!>, it is certainly poor policy to condemn offhand with­
out close field examination any distJ'ict faulted or intruded 
by igneous rocks in which bitumen-bearing strata occur 
benetlth otherwise probably impervious cover, 

In the southwestern part of 'Trans-Pecos Texas there are 
two bituminous formations and there is a possibility of 
others. 

The mo~t bituminous strata rtl'e those of Eagle Ford age, 
oil-bearing all the way from the Athabaska River in Canada 
to central Mexico. All or nearly all ~ection~ of Eagle Ford 
in the Trans-Pecos country contain bituminous material. 
The Kiamichi Clay horizon, 300 feet in thickness, undedain 
by sandy beds ami overlain by POl'OW, limestones, is bitu­
minou" in its upper part where exposed in the axis of an 
anticline two miles east-northeast of the mouth of the Rio 
Grande Caiion across the Quitman l\·tountains, The same 
clays are reported to carry oil on the Whit.e Ranch in the 
valley of the Rio Grande about twelve miles below old Fort 
Qui tman. Lower Permian limy shales, probably the equiv­
alent of the Word formation. are very bituminolls where 
exposed on the east flank of the anticline, near the Trinity 
contact, in Pinto Canon along the Marfa-Ruidosa road. 

The Austin and Taylor ~;trata, following in upward suc­
cession the Eagle FOI·d. are lithologically very similar to the 
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Eagle Ford in the territory extending south from Chispa 
summit to Candelaria and exposed at various places between 
the Rim Rock and Rio Grande. The bulk of the strata are 
dark clays and shales wit h some "interbedded and lenticulal' 
sandgtones and limestone, the latter more typically thin and 
f1aggy. Whether some of these sandstones and limestones 
are of sufficient thickness and areal extent for storage of 
sufficiently large <luantities of oil is not known. The total 
thickness of the Eagle Ford, Amltin and Taylor strata is 
several thousand feet. There is sufficient pressure of su­
perincumbent beds to force oil and gas out of the shales into 
more porous strata in the lower part of the section where 
t he Taylor or the overlying volcanics form the surface. 
Besides the region has been subjected to strong deformative 
pressures. Since many of the porous reservoir strata are 
lenticular it is not absolutely necessary to have anticlinal 
structure, although a number of anticlines are known. 

A two-inch diamond drill hole was bored to a depth of 
800 feet in the hopes of finding coal by Thomas Detweiler 
in 1881 near the Ninety S ix Canon ranch about one and 
one-third miles east of Van Horn Creek and about seven 
miles south by east from Chispa summit. Gas was en­
countered in the lower Taylor strata in this well and is 
reported to have burned with a large flame for months. 
There is an anticline in this vicinity, and another one in the 
vicinity of tht> long abandoned San CarlOR coal prospects. 
In both these and a number of other anticlines Austin and 
Eagle Ford f;trat<l will almost certainly be found beneath 
the Taylor strata outcropping on the surface. 

Great thickness of rhyolitic volcanic ash, tuff, bl·eccia 
and lava now covel· the Taylor in places between the Rim 
Rock and Rio Grande. No dikes or plugs which could have 
been vents by which the rhyolitic volcanics reached the 
surface were founei in the Rim Rock country between 
Chispa summit and San Carlos, but much of the country was 
not examined. The nearest rhyolitic volcanic center now 
known is that of the Chinati Mountaing, at the extreme 
south end of the Rim Rock country. But the Upper Creta­
ceous gtrata and ovel'1ying rhyolitic volcanics are cut by 
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rather numerou~ diabasic dikes of which there are two 
:;ystems, the one north'Routh and the other eaRt-west, 

The Rim Rock lava flow dips gently to the ea"t or slightly 
north of east for H distance of man,}' mile;; a!ld the R3me 
general direction of clip seems to continue to the trough of 
the Big Bend ~yncline, which trough is probably come nfty 
miles east of the Rim Rock, The western limb of the great 
syncline should give a great collecting urea, However, 
thel'e is a time break between the Taylor and the later 
Cretaceous rhyolitic volcanic~ with great angular uncon­
formity in the region to the west and northwest in the 
Eagle and Quitman mountaim, In the Chinati Mountains, 
also, the Upper Cretaceous and >lnme of the underlying 
~trata wel'e eroded away uefol'e volcan ism uegan, Yel in 
the heart of the Big Bend syncline in the Davis and Chisos 
mountaiM and in the Rim Rock country we find Taylor 
strata underneath the volcanic>! unt! an ungulaI' unconform­
ity is either not appal'ent or inconsiderable, If the great 
mountain.mllking movementR of post-Taylor Cretaceous are 
mainly confined to the western marginal areafl of the Big 
l1cnd syncline. oil and gas may be found under the covering 
of volcanics in territory between the Rim Rock country und 
the trough of the great R~rncli ne, The vokanic~ are folded 
but folds in the underlying sediments may not occupy the 
Rflme pos itions as folch; in the surface volcanics, There is, 
however, I'ather mal'ked paralleliflm in all the Rtructures, 
although not all formeci during the same epoch of deforma­
tion, Where volcanics form :;urfilce rock:; drilling alone 
can determine undergl'OulHi cOlHlitionfl, such as concealed 
structurei'l, extent of the unconformity at the uase of t he 
volcnnics, effects of igneolls intt'w,ions and presence or 
absence of porous r eRervoir rocks of sufficient areal extent 
and thickness, 

A line 01' zone of great diRplacem'2nt by faulling extends 
f]'om the north through a point about two miles west of 
Chi spa :;ummit and southeastward, paf'.sing just \ve:;t of the 
old town of San Carlo:;, a short c1iHtance west of the Capote 
ran ch where it crosses the road from Brite's ranch to Can­
delaria and crosses lower Pinto CHiion where the Marfa-



62 UlI ,tvCJ"J;ity of Texas Bulletin 

Ruidosa road finally attains to the summit after climbing 
out of th~ canon. The displacement on thie fau lt at Sun 
Carlos is some 2000 feet . Northward from San Carlos t he 
displac~ment appears to gradually decrease; south of that 
point the amount of displacement is not known but it is 
large in amount in lowel" Pinto Canon. The western is the 
downthrown fault block. At San Carlos the uppel' 800 feet 
of the downthrown block is volcanic, probably too porous to 
prevent escape of oil or ga~, but at depths greater than 800 
feet we should find the Taylor underlain by the oiller Upper 
Cretaceous strata. Since most of the Upper C,'etaceous 
strala are soft and clayey in nature, the fau lt plane itself at 
depths greater than 800 feet may be effectively sealed. If so, 
we have It general eastward dip fo\' mnny miles and the great 
sealed fault preventing movement of oil westward beyond 
its line. There are a number of minor faults between the 
great fault zone and the Rim Rock to the east but it is 
likely these are at least in large part effectively sealed up. 

Summarizing for the territory between the Rim Rock 
and the Rio Grande, the general structural conditions may 
be favorable, although anticlinal structure may not be nec­
essary, the Eagle Ford strata are cert1dnly bituminous and 
Upper Cretaceous strata overlying the Eagle Ford may also 
be oil-bearing or gas-bearing or ooth. We do not know how 
unfavorable the diabasic dikes may be and we do not know 
whether there are thick enough, extensive enough, or porous 
enough reservoir rocks in the Upper Cretaceous strata. The 
Upper Cretaceous strata can be seen in outcrop from 
Chispa summit southwards along the valley of Van Horn 
Creek, where they dip gently southwards, the Eagle Ford 
overlying the Euda at Chispa summit and Austin and Taylor 
fo llowing the order to t he south. 

The broad valley flatfi between the Van Horn, Eagle and 
Quitman mountains are probably ur.derlain by synclinoria 
of Upper Cretaceous strata but there iR a mantle of lacus­
trine beds and alluvial debris covering them to depths vary­
ing from hundreds to over a thousand feet. It is poss ible 
that oil may be sometime found under t hese broad flats, but 
drilling for it a t preRent is not to be recommended. 
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The possible occurrence of Permian oil is questionable. 
There is g reat unconformity between basal Trinity and 
older rocks. A g]'eat deal of eros ion took place during the 
first half of the Mesozoic. Tn the southwestern part of 
Trans-Pecos Texas t he Trinity rests on Lower Permian 
limestones wherever the contact has been exposed, with 
the exception of the Pinto Canon locality, where the Per­
mian appears to be of a higher hori zon. On the eastern 
margin of the Big Bend syncli ne Lhel'e are thousands of 
feet of Permia.n and older Paleozoic strata exposed but 
forty miles to t he south and two miles across the Ri o Gl'ande 
in Mexico, in the Siena del Carmen, the Tr inity rests 
directly on Pre-Cttmbrian mica-schists, So one does not 
know, without drilling, what may undel'1ie the Tl'in ity in 
places where older rocks are buried. 

The topography of t he Rim Rock country il'; extl'emely 
rugged. It il'; possible to rebu ild t he old road to San Carlos, 
perhaps utilizing for part of it the old railroad grade. The 
roads from Brite's ranch to Candelaria and from Ma rfa to 
Ru idoso. arc very steep where they ascend the Rim Rock. 
The country has a number of large springs and in <l number 
of places shallow wells will get water. Tne Rio Grande is 
not fa r distant. Prospecting for oil wi th the diamond drill 
is very feas ible and des irable here. 

OIl E DEPOSITS 

Lead, Silvel' u1ul COPPcl'.-No mines are operating at 
present in thi s reg ion, but there are many prospects, some 
of them forty 01' fifty year!'; old. The nearest productive 
milles are the Hazel Mine. nOI·th of Van Horn, now idle, and 
the Shafter Mine, which has been a producer for fo r ty years, 
The prospects are in contact metamorrnic deposil.'{, in veins 
and in more or Jess irregular replacement deposits, the latter 
generally in limestones. 

Some copper prospects, reported to carry valuei'. in gold 
and s ilver, are in the Pre-Cambrian Carri zo schists. 'fhe!'e 
are generally in nnrrow stringers or lenses or irregu lar di s­
seminations carrying oxidized copper minerals . 
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The intrUl:iivcg and surrounding sedimentary rocks of the 
Quitmnn intrusive mass have been more prospected than 
any other distri ct of t he region. The ores are of iron, zinc, 
lead, copper and silver with l)mall amounts of nickel. 
uranium, tungsten, gold, and molybdenum. They are 
largely contact.mclamorphic deposit~ but there is at least 
onc fiswl'Q vein. In general those on t.he east side are lead 
and zinc; those on the west, copper, Jead and s ilver; those 
on the north side, copper. 

The Bonrmza and Alice Ray prospects occur on the same 
fissure vein in the northern part of the mountains a short 
distance south of the road from Etholcn to the S. P. Well. 
which road passes through the lowest divide acl'OSS the 
Quitman intrusive. The Bonanza is si tuated at the east 
root of the mountaill-s near the head of the broad flat vaHey. 
The Alice Ray lies ",cross the divide on t he western slope. 
The t\, .. ·o differ in a ltitude over 500 feet. The vein occupies 
a sheeted zone with several quartz veins, the main vein of 
which iii from an inch to a foot or more in thickness, strik­
ing N 80 E and dipping 60-65 degrees N 10 W. The coun­
t]·y rock is medium to coarse·grained quartz-syenite-pol'­
phYl'r. The outcrop of the sheeted zone is mal'l(ed by a pro­
nounced topographic trench. Slickensides are found on the 
walls of the main vein. The outc rop is marked by gossan­
stained quartz. The gangue is quartz which on the vein walls 
often exhi bits large cry:;tall ine comb structures find in places 
an in tel'growth of neady amOl'phOllS quartz and pyrite. The 
ore in the Bonanza nenl' the fmrface consists of galena, 
wulfenite, sphale]'ite and oxidized copper minerals. Assays 
of s ilver in the upp~r zone ran from twenty to thirty ounces. 
At g reater depth the main are mineral is b]'own and black 
Rphalerite, with galen;)., tarnishing purpli;;;h, pyrite in both 
large and small crystals and chalcopyrite, all apparently 
minerals of the zone of secondary su lphide enrichment, as 
they occur below the water level w"hich is about 200 feet 
beneath the surfnce. The oxidized zone has a vertical range 
of about 700 feet, Ore sh ipped from these two prospects 
ran 30 pel' cent 01' more in lead. 25 to 30 per cent in zinc, 
20 to 30 ounces of silver and traces of gold. 
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The extensive contact-metamorphic deposits of Big Gulch, 
a low saddle across the mountains two miles south of the 
vein above described, have all'eady been partly discussed. 
On the contact between the pOl'phyry and limestone is gen­
erally an irregular zone of hematite. the most abundant are 
mineral. There are al"o argentiferous galena, black oxides 
of manganese. and chalcopyrite, the latter of which hal'; 
often altered to malachite, azurite and crysocolla . Free 
sulphur, probably derived f l'om sulphides, sometimes occurs 
in the porous quartz and iron oxide deposi ts. Grossulal"ite 
and spccularite are often intergrown. 

Othel' contact-metamorphic depo,,;its occur on or ncar 
limestone contacts in the low hills about a mile east of the 
east foot of the northern intrus ive mass, between the main 
intrusion and Etholen section house. The~e contain iron, 
copper, lead, zinc, nickel, uranium and silver ores, according 
to Von Streeruwitz. Some 18 per cent copper ore has been 
shipped. Other contact-metamorphic deposi ts are found to 
the south end of the intru~ion, on the west ~ide of Quitman 
Gap and north of the road. The intrusive is here a granite. 
Some iron oxide hus been added to the limestone, which is 
t horoughly cemented and brown in color. A little grossul­
nrite was noted on fracture planes. The gangue is mainly 
calcite and iron oxide. The primary sulphide is galena, 
embedded in barite. The barite is incrusted with wulfen ite. 
Large massef; of calftmine crystals occur in open cavities. 

The intrusive-sedimentary contact on the northeast side 
of the Quitmans ce rtainly should be further prospected, 
Minel'uli7.ation has been extensive and great thicknesses of 
limestone must be concealed and in r.ontact with the intru­
sive. 

One mile southwest of Sierra Blanca there are contact­
metamorphic deposits on both sides of the intrusive sills. 
The contacts of the upper and thickest of the three sills 
show the most mineralization. Garnet and amorphous 
hematite with some specula rite occur::; on the conlact. The 
ore minerals are copper carbonates filling cracks and form­
ing thin seams and st r ingers in the metamorphosed lime­
stone. Both hematite and coppel' CRrbonates form a cement 
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for breccias. Chalcedonization was a late phase ann there 
are iiome botryoidal, mammillary and mdiating thin coat­
ings of crysocolla . 

The Plata Verde prospect is nOl'th of the mica mine and 
at the west foot of t he northern Van Horn 1:[ountains. 
There is a slickensided plane or zone of movement, dipping 
about 50 degrees W, following appl"oximateiy the bedding 
planes of a L'ountry rock mainly grey muscovitic sandstone, 
some of i t fi nely conglomeratic, dark red or green sandy 
shale and thi n interbeds of grey crystalline limestone. The 
rocks belong near the base of t he lower Permian. Mala­
chite and subsidiary az urite are irt'egularly disseminated 
through sandstone:;. The limestones, particularly in the 
cross~cuts at the baRe of the 200 feet incline following the 
depos it are caVel'nOU8 with calcite and much black iron and 
manganese oxides in the caverns. Some fl ilver values are 
repor ted . 

The Did, Love prospect, lately dilicovered, lies on the west 
side of the Eagle Mountains. The country r ock is Finlay 
limestone cut by a fault with hor izontal slickensides running 
nearly east~west. The outcrop showR black oxides of 
manganese and iron. Near by are a num ber of the usual 
calcite veins. Ore on the outcrop is said to have run from 
1000 to 1600 ounces in silve l·. The gangue is mainly calcite, 
wad and iron oxide. There are Rome faint copper stain~ of 
malachite and azurite. Argentiferous gniena occurs, both 
crystalline and as a fine amorphous disseminated powder. 
Calamine incrusts the walls of cavities. There are also con~ 
i-dderabie aggregations of a canaJ'y~yellow, powder which 
,vas determ ined by J. E. Stull ken as massicot (lead monox~ 
ide) . Thel'e was only a thin stri nger visible on t he sixty~ 

foot level at the time of visit. It is characteristic of the 
::;ilver haloids in a dese rt climate to be present in greatest 
amount at the su rface. 

NON-ME:'l'A I.LIC MINERALS 

Nitmte.-Lavas in the general vicinity of Candelaria con­
tain va riable amounts of n itrate bllt so far it has not been 
found in paying quantities. According to Prof. W. F. Cum~ 
mins the nitrate was precipitated by hot springs or as a 
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volcanic sublimate. This hypothesis is probably preferable 
to that advanced by Dr. W. B. Phillips, who thought they 
had come from organic sources, because considerable of the 
nitrate is found in solid lavas in situations where organic 
waste products could hardly have penetrated. The climate 
is not of the requisite aridity to prevent the solution of the 
nitrates; hence it is probable that they will not be found in 
large quantity, especially at or neal' the surface. 
Gyp.~U1n.-The gypsum deposits of the !\'Ialone Mountains 

are extensive. The mineral is now being quarried within 
a stone's lhrow of Gypsum or Briggs railway switch. This 
deposit is hence readily accessible and probably lies nearer 
the city of EI Paso than any of the numerous southern New 
Mexico gypsum deposits. 

Coal.-Coal occurs in the Finlay limestone of the Trinity 
one~half mile south of Eagle Spring and in the Taylor in the 
Rim Rock country in the vicinity of the abandoned town of 
San Carlos. 

The coal at Eagle Spring has been partiy metamorphosed 
into a semi~anthracite. It contains a large percentage of 
ash. A thickness of three feet is exposed in the abandoned 
workings . The coal dips 82 degrees N 15 E. The vicin~ 
ity is strongly folded and the coal is likely to be badly 
crushed or faulted. It is only a few miles from a railway 
switch, with the road down grade all the way. There is 
not much likelihood of there being an extensive deposit of 
workable coal, but it could perhaps ue profitably mined in 
a sma ll way. 

The San Carlos coal ha~ been de!:'cl'ibed by Vaughan in 
the report noted in the int roduction. There are two 
horizons, the coal bed;:; are quite variable in thickness, the 
ash content is both variable and rather high and faultH occur 
in such numbers that mining is both expensive and no very 
large areas of workable coal are yet known. It is posRible 
that further pro~pecting may find larger areas of worknble 
coal. Mining costs are apt to be high. 

B1dlding Stones, Road Materials and Mica.-The more 
consolidated rocks, such a;:; the limestones, intrusive igneous 
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rocks, sandstones and lavas, afford in this region an excel· 
lent supply of good building materials. The syenites of 
the Quitman Mountains and south of the Wiley Mountains 
are very desirable building and monumental stones. Some 
of the partially consolidated rhyolitic tuffs can be easily 
sawn into lmilding block", will withstand the arid climate 
well and have pleasing colors . 

The harder JimeRtoncs of t he Permian arc good road ma­
te l'ials. There is abundance of sand and gravel along 
stream courses. 

The mica of the Van Horn Mountains has been utilized 
for sheet mica nnd electrical appliances. It makes also an 
excellent lubricating mica. At present it is being developed 
along with the othel' minerals of the pegmatites and enclos­
ing schiRt with the view of making facing coats for artificial 
stone. Many pleasing color effects have been outained. 

Wate1·.-Water wells are generally most succeRsful where 
the valleys of long (!t'aws reach the outer foothills of the 
mountains. Where the underlying bedrock is limestone, 
sandstone or volcanic tuff water is not apt to be obtained in 
large quantity. A much larger supply of water than is 
now cleveloped can be obtained by damming the mouths of 
hU'ge draws. Tn order to prevent excessive leakage precau­
tion mu!;t be taken that the drainage areas of the draws are 
not underlain by porous bedrock such <IS volcanic tufT, sand­
stone and limestone and that dams are not constructed on 
bedrocks of porous nature. The "eservoirs will rapid ly fill 
up with debris unles:; their sites are located where drainage 
gradients are relatively slight. Evaporation from open 
bodies of water is excessive in this region, probably amount­
ing to about twelve feet per year. There are places, how­
ever, where the valleys have considerable debris filling. In 
such dams may be constructed on bedrock and their tops 
made about even with the surface of the debris. In such 
mannel' excessive evaporation may be avoided, the water 
being drawn off by pipeg leading from near the bases of 
the dams. 
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