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ABETRACE

Tha nmw# of the 150 square miles that constitute the northern
Gsballo Mountains ares is abous seven miles southesst of the town of
Trush or Conssquences (formerly Hob Springs), New Mexioo. It is sarved
by Bbate Routa 52, and by a fov poorly-gvaded gravel roads, The vogeta~
.te;f.tion conalabe mostly of girube and le very sparde, The bopography ie
nads wp of plaing end slopes, cut by dendvitie dralnage pabierns in the
youthful stage of & semiarid aycle, with tho norhesouth trending widge
of %he Oaballo Hountaina swparating the area intoe two parts,

The oldeat rocks iu the sres wie represonted ly Frecanbrian
quertsltes aud sobdeba vhlch were later cub by dgneous intrusions
(predominantly grenite). ihe sedimenbary sequence consiste oflhe Bliss
quartsites, sandstones, snd sandy limestones of the Upper Qaxbriang the
Il Paso and Montoya limestonss and sandstonss of the lower and Uppey
Ordovioian; the Msgdalena limestonas and shales of the Ponusylvanian;
tho Abo red beds and the Clupaders limestones, sandstones, and evaporijes
of tba Permlan; and the Dakota uamlstom.‘ Mancos shale and Mesaverde
interbedded sandstones snd shales of the Upper Grutmaoﬁ:. Partiary and
(uaternary sediments conslsh of copnglomerats, grading wpward inke
partially consolidated sande aud gravals that have arbitrarily been pamed
tha T 0 (Truth or Consequenscas) formation.

The struabure consists of nortiwssternescuthsastern trending folds,

and thres grouss of faults which sve classified asoording to thely



gonexal directional trend: » northvost-noutheast group, & nerthesouth
group, and an sast~west group. Nvidence in the field does not Justify
dabing tho initial folding end faulting esrlior than post-Hesaverdean,
and doos indica¥e Shat movement %00k place as late es i-ha Quatornazry
peried,

Foorapar s the ow impertant ore depostdi however, more accessible,
bettey developed, and more straterically lecated fluorepar mines £111 the
present limited demand, Minor amounts of geppar, lead, end wvanadium ores
heva boen found, Apparsntly all deposits are fissure veins which have been
formed Yy replacenent sndfor srmse-filling processss which followed the

pont-Neosaverdenn faulting,

The extrems eastorn part of the aros has tho necessary sbructure and
1% underlain by possible source bods and Teservolir.rouks for local

asoumlabion of potroleum,




GHOLOGY OF THE NORTHURN OABALIO MOUNTAINS
STURRA COUNTY, NRW MEXICO

TREROINCTION

Locebion and Aocessibility.

The northern Osballe Mounbtains avea covera sbout 150 square milss in
poushwentern Nev Mexicot the cenber of the area is approximetely six miles
southeast of the town of Truth or Coneequences, formerly kuown as
Hob Springs. (Pl. 1j and pl. 16 fn pocked.) The area comprises R, 4 W,,

T, 1% $§ B, TW,, ™ 14 S R, B W, P, 15 5 and B, 3V, 7. 15 6.,
New Moxico Prinvipal Meridisn, and $he southern parh of the Pedro Armendaris
Grant as far north as the Rlo Orande and State Route 52,

The area is served by State Rouke 52, whish extends sast from
frmath or Consequendes aoross the northern boundary of the ares %o
Engle, New Mexico., This roald ie macsdam from ¥rath or Conssquences to
sbout one mile sast of Elephant Bubte Damj the vemsinder ins & well-graded,
all-woather, gravel road. The Yosds extending scuth from ftate Rouse 52
ave very narrow and are not graded except whers they cui into slopes.
Theay are poorly Arained and consequently washouts ars oommon after summer
flash nooda; Thege Yoads were maintained dy government funds during
World War Il vhen several mines in the ares wave in operation, tut have
deteriorated sinse wining sctivity wes shul down sfter the war, Howaver, all
ronds have solid beds and can bo easily repairsd and meintalned,




COLORADD

|
|

]

Albuguecque
y 664"

e

ARIZONA

i Trath or Engie

' Cossequing 70

\NORTHERN CAGALLO MTI. AREA

LOCATION MAP

SCALE
o 5 seo 15 miles

et NORTHERN CABALLO MTS, AREA

.

! PLATE V , JC oy e

!




The Altuquerqus and B1 Paso branch of the Akahisen, Topeks and Santa o
Ralivsy Compsny runs through Engle and has in the past been the msens of
shipping ore fxom the area %o smelters and mills 4n Bl Faso, Deming,

348 Ianas and San Antonto,

Purpoes snd Field Methods,

The yurpose of $his roport is to gain » mors debeiled geologic wnder-
standing of the sres Shan thab complled by Darbon (1928) &n his early |
redonnaiseance of Now Mexiso, and to fulfill the requivrenents for a maaber

of soclence degree,

The arsal goology was plotted in the fleld an vertioal photographs.
feologle detalls were transforred with a radial plantmetria plotter wand a
fooalmatio projector %o the planimetric map used us & vase, The photographs,
" obtained from the Soil Oomservation Sexrvioe in Albujuerque, have sn overlap
of 60 porceny snd o sidelap of 30 pevcend. Strikes and dips were determined
in the fiald with a Brunton compase. Thicknessea of menbers and formations
wvore dotermined By four mothodss by Brunton gompass method (Lehee, 13NLs
pp. 423, 426)) by diread moasurement with a sbeel Sepe; Yy plans tadle end
alidade; and bty determiming olevetions with an aneroid barometer, attitudes
of Vods wAth a Brunton gompess, and sosling the widshs of outorop:belts
afgor the various points were plotted on the planiretrio map.

The present report 4s hased upon sboub 120 days' field work by the
author, and sbout 20 days' suporvision by the ataff of tha OGeology Tersrtnent
of the New Mexieo Inshitute of Mining snd Technology.
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Previous VWork 1h the Area.

No eingle prior publication describes in detétl the general geology of
the morthern Caballo Mountains area. 0. R, Keyes (1903 and 1905) gave a
brief danoriptién af bolson gmveis. Oretaceous sediments, and basle lava
flows that are found in the esstern part of the area. 0. H, Gordon emd
L. C. Graton {(1906) compared lower Paleozoiec formations of the Caballo
Mountaing ﬁsar Shandon mining camp with eimdlar formations at Silver Clty
and leke Valley. ¥. T. Lee (1907) discussed essentially the same subjects
as Keyea in connection with water supply and irrigation. Les azlmo compared
the "Manzano group" of the Caballo Mountains with other sections of the
Mo Orande valley (1909). Several articles on the geology and oberating
probléms of vanadium deposits in the area were written by B, Leatharbee
(1910), ¥. D. Johnson (1911), P. A. Larch (1911), O, A. Allen (1911),
J. 0. Clifford (1911), and Frank L. Hess (1917). A brisf, general description
of all ore deposita in the area was madeé by Waldewar Iindgren, L. 0. Grston
and 0. H. Gordon (1910). ¥N. H. Darton (1918) comparsd the Paleozolc secticn
of the area with sections of other areas in southern New Mexico, and later
(1928) mede a reconnaissance map and gave a general geologle description of
the area. W. D, Johnston (1928) and H. ¥, Rothrock, C. H, Johnson and
A.D. Hahn (1946) desoribed in detail the fluorspar deposits of the Caballo
Mountains., @. T. Harley (1034) compiled much of the above mentioned publi-
catlons into & single bulletin, Dr, Vincent C. Kelley of the University of
Yew Mexieo has recently completed a general gevlogle report and map {(une

publighed) of the area around Truth or Consequences which include the



porthern Caballo Mountalns area.
Agknovladgaments,

fpocial eolmowledgement is dne the faculty of the Dopartment of

- Gmology, Yew Mexioo Inetitute of Mining and i‘whmlow, Dre, John ¥, Allen,
Olay T. Smith, and Stewart M, Jones, whe muox:q;mud sm writer in tha
£1614 on several oosasions and who gp.w ml.uabla suagoniom and advioe
soncerning variouns geologic problems in tha field and algo in the uomp&l«-
stion of thle reporh. Dr. ugone Osllaghan, Divestor of the New Moxloo
Bureau of Mines and Mineral Resources, furnished transporbation and made
evallable drafbing facilities in hie depariment, Alan K. Chesthanm,

Jow Hexico Institute of Mining and Tochnology, avsioted in detailed
measuremonts of the Pennsylvenian system and be checked part of the
writer's fossil identification of species collectad from the different

formations,
Physical Conditions

Topogrephy, Drainage and Reliel,

The northern Oaballo Mountains area can bo dividsd into four gonoral
topographio featureas The bolaon portion of & podinent, a nearly flat plain
along the eastern mergin and in the southeastern part of the arcaj the ro=
Juvenated pc;rtloa of this podiment, irregularly capped with lava, of
eestvard~-dipping medinents weat of the bolson daposite; the youthful ridge

of the Caballo Mounteins properj and the complex westward-sloping terraces



that extend from the tase of the range, westward %o the Rlo Orende and bthe

Caballo Reservolr.

An extensive bolzon forms the westaern edge of the Jornada del Muerte
(Journey of the Dead), so named by travelers who crossed $his desert valley
before the advent of the rallroad. The Jornada del Muerto (p1. 2, 0) is au‘
arid plain thet axtends north end south for 120 miles and is sbout 25 nilow
wide in the‘ vioinity of the Oaballo Mountainm, Dralnage of tha'bolaon iw
$oward the sast, The plein is slowly being dissected and many isolated 1s-
lands of woderlying nédimnﬁary rooks bave ‘néen axposed,

A flat suxface, bevelad on o series of eastward-dipping beds, rises
wostvard on a very gentle slopa from the western edge of the bolson
daposits {epvroximately 5,000 fset shove sea lavel), This surface wus
parhly covered by & eheet of ;wra (p1. 3 D) and leter prejuvensted by lower-
ing of the Ho Orande vallsy. The eastvard-dipring intorbedded whales and
gandatones were readily abttacked by suall subsequent Intermittent stresms
a® soon as tha protecting lava sheet was removed, The present surface con-
slets of & serles of cusstas (pl, 3, B) thet oxtend westward from the
Jornada del Maorto to the food of the mountain range, with here and thore
traces of the old flab pediment (pl. 3, C) which are, in sous instancea,

83111 capped with remnants of the lava shoeb.

ha Caballo Mountains are essentially a long ridge, extending north
and soubth throuzh the area, bounded on the west by a steep fanlt-line scarp
and boundsd on the east by a gentle slope. The ridge has a sharp kiife-like




0. Jornada del Masrte with San Andres
rangs in dlstance,
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restline locally broken by geps caugod by transverss faulting and erosnion,
ne ridge in the aree is separated inbo two parks by Palomas Osp (pl. 2, D),
deop arroyo that drains most of the area eouth and esst of the rangs %o
he odge of the Yolson area. The novthern half culmipates in the middle in
urtle Pesk (pl., 2, B) a% 6,400 feet. The southern part of the rangs has &
alrly horizonbal erestline from Palomss Oap to Longbodtonm Canyon, but
outh of Longbobton Caiyon the rangs has baon faulted up Yo form

pushy Mountain (pl. 2, A) »Ath an alevation of about 8,000 feet, the highe

g% point 4n the arvea,

The westward-sloping terrace surfaoes in the weshera parh of the area,
/dmich are -pmsawod Yy caliche snd cemented gravel, have an inclination of
From 3 %o 10 degrees. They ave drained by a sevies of parsllsl arroyos
lnto the Rlo Grands and the Caballo maamir.,u‘ an elsvation of approxi-

nately 4,200 feet. (Fl. 3, A.) Thess terrates or outwash alluvial slopes

are intermpted north of Palomas Gap by rounded hills and hogbaoks (o2
ignaous snd sedimentary rocks) raesulting from step femlbting.

Vaga‘%ab.’sén.

&he vagetation za'néu of the area rangs from the lower Sonoran gond
to $he Transition sone, and coneist of crecsois bush (Coviliea glutinosa,
Loway Sonoran)) mesquite (Frosonts juliflora, lower and Upper Sonovan)y
eholla (Qountis sp.)1 ocotillo (Fougulexis ev 1sndeng, Lower Somoran)j
pricily pear (Opuntia ep.); sotol (Dasylirion vheelerd, Lower end Upper
Sonoran); Spanizh bayenet (Yuccs bacsxbs, Uppew Sonorun)s aoz@pﬁmﬁ or




A, Voutward sloping terrzoes. Truth
- or Conaegquences in the distonce.

0. Rempants of tha Tortiary pediment,

¥Flate 1.

‘B. ¥alomag Gup from the esst, Iines

D. Slightly Mesestod podiment with
Caballe Cone and flow,
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padlla (fugoa slata, Lower Sonoran)t century plant (igave smericsna, Lower
and Upper Sonoran); and range grass (Panicum ep.). In addition to thase
spoclen, backbarry (Coltis roligubaba, Upper Sonoran) and eanyon 1ive oak
(uereus wisligendd, Trensition) are found in the cunyon bottone,

Brushy Hountain was nsmed for its dense cover of juniper (Mundparys ubahontim,
Upper Sonoran) and pifion (Blauus oduldn, Upper Somoran), . \Got'tmwad (Fapmlug,
€D« ), talt cedar (WM) and. willow (m&gﬁp.) form thick gover
slong the banks of tha Rle Orande, With the exception of Bmmshy Mountaln,

the Rio Orends, Ash Canyon and Mesaal Canyon, the vegelation of tha area 1o

vory wparse, but doesa, however, afford grasing for saven head of stock per
msection, under the Taylor Orasing Act, Most of the spacles of plent 1ife ave
soattered indisoriminately over the arsa, and no correlation was discoversd

botwaon plant and formational distritution,
Climata.

The mean annual precipitasion ab Engle, 11 milos east of Llephant Butte
Dam, 13 9.89 inochas, and the n:an pnrual tamperature is 59;9 degrees, ¥ The
groatest wunip:.mtio# oaours Ln. late smumer and early £211 and 4w usually
in the form of #Mdurnlwwn and eloudburats, - Iight snowfelle coves the
higher mountaina in the vinter but rerely ram’ai,nv 1o£:gar than & day. In the
Wighey parta of the area, tho aversge tempeprature s lower and the mean
annual procipitation is greater than ab the weather station in ¥ngle, based
on the experience of the writer,

y

Hill, Kennoth, U, 8, Weather Bureawn, Socorre, New Msxicos 1950,




GEOLOGY

Shradigraphy

Tha yorthera Caballo Mountains srea is composed of rocks ranging from
Precembrian bassmont complex so Becent callohs, sands and cemented gravels,
Presembrian rocks eonzlst of nebtamorphosed sediments and igneous in~
Yragives, Iodlmentary recks include the Cambrisn, Ondovicisn, Penasylvanian,
Permian, Orstsosous, Tertlary sand (Quaternary systems, Post-Gredaceous

{gnacus rooks ere represented ly Alkas, sills, and extrusives,

Iithelogy snd paleontology of the Casbrian and Crdovisisn rocks are
ghown on plate 5; the Pennsylvanian on plate Gj the Permisn on plate T.

Tossll gollsabion points wnd locationd of measured sectlons ere shown
on plate 17, 4n pocket ¢n luck gover,

he sarlier Paleozolc formations, frowm Cambrian through Ordovician,
have as thelr type seotion the Franklin Meunbains, & north-south ¥rending
vange jush north of El Peso, Texas; however, the exaot location in the
Franklin Mouutzins of the seotion or seations (Richardsonm, 1904, p. 27 amd
1908, pp. 476-479) is nok specified, The writer visited the Franklin
Mountalns and sooursbely locaded on a map a complete seotion (pl, W) for she
purpose of comparing the Cambrlan and Ordovician xosks found in the morthern
Gaballo Mountains with a esction in the Franklin Mountains,

4
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EXDIMENTARY ROGKS.

Oanbrian Systom,

- Biiss Papfotons.

The Bliss sandstons was named bty Riohardsen (1904, p. 27) for the
tiype seodion nenr Ford Bliise in the Prazklin Mounseins, north of Bl Pago,
Texes, The name "Shandon quarbeite” was originally vasd for this
formation in the Uaballs Mountains Yy Gorden (1907, pp. 91-92) frem the
pining camp of Shandon, which was locsted nsar Jaballo Dem, The name had
only looal sprliaation end ia no lopger wsed.

Bections measured aling the wesht flank of the Oaballo Mountaina and on
the fenlt blocke norbhieast of Falanss OGap havae thicknosses of hetween 100
and 105 feat, The formation is of quite wndform thickness end 143hology|
there are, howsrer, many variztions ipn the individual deds, The basal
wvhite quartzite (pl. ¥, B) lucelly changes laterally into orosg-grained
aandatone o ellty sanldstona, Fervoglnons szndssons bads grads into colitie
hematite sonth of the wapped aves, Many thin caloarsous sheles in the upper
part of the BEliss pinsh oubt vhers 2 thickanine of adlasent sanly limeatones

saruyy,

The dark-solored sandstones, limestones, and shales form a distinctive
oolor Yreak with the underlylng red granite of the Precambrian, The writer
gsollecked the following foseils that date $his formation as Upper Camdrian
(Shimer snd Shrock, 1944, pp. 65, 285, 2951
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08 « Upper Oambrian (Lower Arbuckle of
(lklahoma )

Asheooxthle lincogosts - Upper Oeubrien (Upper Owmbrien of
Golorade)

Iingalells sp. - Cazmbrian

rdoviolan Systen,

1 Pa i .

The El Pese limestone conformably overlies the Blige sandsbone and
nderiies the Houtoya limestone, It wes nemed by Rlchardson (1904, p. 24)
or axposures in the Franklin Mounteins north of El Paso, Yexas, whers it
thaine a thicknoss of 1,000 faed end consists almosh entirely of dolomitic
{mestona.

The E1 Paso limestone oubsrops wout of the range where it forms the
ower part of a oliff that extends from the southern boundary of the srea
o sbout one wlle south of Falomss OGup, and on & steap slope north of
'‘alompe OGap to the point vhere it Lis fuulted off northwest of Turtle Peuk,
t alno outorops along the lower-lying fault VYlocks moxrth and waet of
‘alomar Gap.

In tha Caballo Mountains, the El FPaso limestone has been ssparated
nto $wo membsra, Xelley 2/ has designated the E)l Pano limestone as a group
nd divided 4% into the lover Slerrite formation and upper Bat Cave forustion,

hieh correspond to ths unnamed members desoridbed in this paper.

/

Dr. Vincent ©. Kellay, University of Mew Mexioco, Unpublished report.




A lover member, 200 feeh thiok, is sonformable with the underlying
Piiss sandstone., Xt i glanconitie and shaly at the bage with alternating
thick and thin bads of light-grey 1imestons, chavectorized by a dari-brown

silicecus staln én the weathersd surface, More massive limeatons, darker
gray on fresh surface snd with a lighter brown siliceous gteln on weatherad

gurface, forms the top of the lowar unid,

T e i et St LG

Tha upper member gonsists of 100 fead of nedium-gray magnesien
1imastons, contelning a faw thin beda of coarse-grained caloareous mandstons
and a thin bed of pebble conglomerate wiih subangular to round pebbles of
dark ohers ab its base,

™e Bl Paso limastons of tho type ssction was dspoaitad during the i
Qanadisn spoch. The lower bads of the ¥) Pagoe in this area are dlstinctive
and identical 4n appearance to the lowar beda of the ¥l Paro in the type
ssotion in the ?mnmin Mountsing, Aphetoosras farmsworthi, a lower
Ordoviclan (Bsekmantown) index fossil, was found 50 feed above the base

(nesr Yhe Yorty-ons mine), substantiabing the age datermination,

Monboys Iimestona,

he Montoya limestons wes nawed by Richardson (1908, pp. H76-4T9) for
Montkoya Station on $ha Atchison, Topeka and Santa ¥e Ballway Company, 10
milop north of Bl Paso, Texas, In the Ozbelle Mounssins, beds assigned to
the Montoys limestone form the upper pert of a moguive ¢liff along the

vest uide of ths rango end on tha fault Wlocks northvast of Palomas Gap.
A lower sandstone and an Wpper magnadlan limestona vomprise the

L\“mk:_vt.
““A. “ D\\}\S“"’“
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Montoya formatdon 4n the mapped avea, and correspond to Xelloy's b
lower Cable Canyon sauvdatone and upper Jornada limostone of formabionsl

l

!

l

vank. The sandstona 1a 1ighd brown to white, ccarse-grained, calcarsoud, ‘
and 48 30 foed thick, It weathors %o a dark brown and forms a sharp g
f

golor bragk with the overlying and underlylng megnesian limestones.

Tha wpper megnesian linsstons s medlum to dark gray, weathoring to
a Light brown. The lower 75 feet 1s finely to coarsely orystalline wlth
& fow scabtored layers and nodules of dark ohewt, The upper 65 foeb Le
finely orystalline to cryptooryetalline, fessilifercus, and contains 15

to 40 percent of dark cherh, giving the rock a shriped appearance,

Two wpper Ordoviclan (3:21cm6nd) fouslls were Ldoutified from the top
of tha fossilifercus upper mamber:
Zygosoire remupinota (Wang, 1949, p. 18)
Resserslla peold {Shimer and Fhrock, 1OWH, p. 35%)

Roherdson (1908, pp, 476-479) collested a Rlohmond favua 4n the type
section of the Monbtoya limestons ium the Pranklin Mounteins, These fossils
guggeet that deposition took place in the Cincinnstiamn epooh and thad the
disconformiby that exista between the Bl Pasc and the Montoya formations
roprosents a hiztus of Chagysn and Mohawkian time, and posaibly sarly

Cinoinnatian time,

The Montoys limestons s overloln by Pennsylvanian roeks, and the
$9lurian end Devonian formetiosns, vprezsnt in the southern part of tha

mm;o}! , were pot found anyvhers in the northara Osballo Momnbulng area,

=

Dr. Vipncent ¢. Kelley, University of New Maxico, Unpublished wveport.




Ponnsylvanian Systen,

le meatons,

The Hegdalena limestons ves nased by Gordon {1907, pp. 807~416)
for the Pepmsylvanian seotion exposed &n the Magdalena Mountains of wesd
gentral Mew Mexioo, Gordon coneideéred the Magdalena limestons sw a
‘grcug» and broke 1% down into two formabionsi the lower Sandis which
conalsted moatly of shale, and the upper Hadera which sonsiutod mostly
of limestona, Thompson (1942, 1948, pp. 1-184) 4in hin sbudies of
fusilinids, recognized four faunal zones which he desiznated "aeries® in
dessending order, Virgll, Mlssourl, Deines, and Devyy. The Darry
serien is wmore widely known an the Atcka, 498 fawial equivalent in the
Mid~Oontinant veglon. Moore and Thompsom (1949, pp. 275-302) recently
proposed a vegrouping of the Pennsylvanian aystem and period into three
faunsal zones which he valled "sories® and which ha implied have time
significance, He reduosd the former serles to sbages (sges). Figure ),
page 18, gives a table of the various classifications vaed for tha
Pennsylvanian system,

For ths purposa of this repord, the writer has divided the
Magdalens 14mestone of formational rawk indo %wo mewbers (the equivalent
of Gordon's formationa) - the Bandls and the Madeya - and correlated
thegs two members with Thompson's faunal sones vhich were usad by Cheatham &
in hia study of the fossils collected when he moasured a party of the
Pennsylvanian seotion with the writer in 1950, (Ses pl. 6.)

" .
Y Alan H, Chestham, Unpublished research paper, BMSM, 1950,
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The Sandia membor han at i%s base & scavse-grained vhlte sandstone
that les disconformally on the Hontoya limestons, This sandstone looally
gradan into a white quartgite and ig wermﬂby $vo thick bhads of pebbles
conglomerate composed of angular to round pehbles of light-and darkegray
ehert, ranging in size from 2 mm %o 25 mn, Overlying the pebbls songlome
orste are 65 fooh of Shin, nodulay and thick charty limestonss and 80 feet
of black, green, yellow, and red shales inberbedded with a few thin
1ingstones, ror_ & Sotal thickness of 170 feed, The Mudera moxbery consists
of 805 feok of $hin-bedded to massive limestons with some interbeddad shale
- end a fev yandstones, (See pl, B, D.)

The Sandia moxber forms & wlope on the vest side of the range betveen
the oliff-forming Ordovicien sbrata (pl, B, A) and the overlying Maders
menber, The massive, thick-bedded limestones of the Madora menber form
tbe crest (pl. 8, A) and east flask of the Caballo Rangs. Bobh membars
outorop in the fauls btlooike northwest of Palomas Gap. The basal quartsits
and nandetone are dlstinotive enough im aolor to enabls one to plck the
base of the Pomnsylvanian in any part of the ares,

The following foswils, Spirifer optmis (lower Magdalena naar
Taos, Hew Moxico), Spirifer keokuk (1) (lower Magdslens, Socorro Mounbain)
end Dlotyoolosbus smariosnus (lower Msglalena, Socorro Mountain) wers
eollacted from the thin nodular lmestonss overlying the basal siliceous
beds. This leaves no doubt that the Ponnsylvanisn yeats direetly on the
Ordevician asd $het the Silurlan and Devonlan rooks found in dha southern
part of the ranze ave absent &n the nortberm Caballo Mountaina areaj and

Lf.



furthey, thet Mlesisslpplen styats found in adjacent ranges dn southern |

and central Yew Mexico sre slso abgent,

Pornlen Syutaom,

Thae Pamiuix gystem in the northern Caballo Mountaing area 1a
represented by tha Abo sandstone, and hy the Clmpaders group which 4w here
not divided into the Yeso, the Glorieta and the 8en Andres formatlons,
Flgure 2, page 19 shows the type of deposition and correletes the Permlan
formations of the Jaballe Mountains with the Marsbbon and the Hidland

basing in Wast Toxus,

£bo_Sandstons,

The Abo formation, so namad by lee (1903, p. 12) frem the type
section 1n Abo OQanyon in coniral Now Mexioco, consists of interbeddad
brown and davkered mandetons and shale membera, Ourrent ripple marks,
lensing, cross~bedding, and the prists of land planis suggest an entirely
sontinenbal origin,

The rocks of the formation are thick-, mediume, and thin-badded,
dark-rad to brown mlcasecus and silty sandstones which sre generally
separated by thin-badded, darkered mudstones, claystones and shales, (Ses
pl, &, 0,) A fow widely soparabed conglomerates and limsshonas make up a
small percantage of the formation. The mmdstonss show low resistanse %0
erosion whioh resnlts in the formetion of hoghbacks and ocueetan of the more

highly resistant sandstonos and cenglomerates, The sandstones are fine-
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A. ¥astern side of range from west
side of Csballo Reservolr.

G. Shale and sandstone of the Abo.

Plﬁt' g,

8. Contact between Precambrian
granite and Bliss sandstone.

D. Interbedded shale sad limestone
of ths Magdalena formation.
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to nodlum-grainad, and many of the bods are orisscrossed with voins of
salgite. Tha comenting materifal is fronm oxide. 'The dark-red solor of
$ha sandetones and mudetones would aesm $o &nd!.aatu s high pammﬁa.gﬁ
of iron oxide, tut apparanuy this 1s not the case as $he sorstched or
crushed surfaoe is wvhite, suggesting thad thq solor 4a due fo a thin
covering of iron oxide over grains of quarbs, GCireular, gresnishegray
spote, which vary from e fraction of an ’.anhto ons foot in dlametor,
ars characteristic of many of the rod medebonas and appsar $o dYe the m-
it of redustion of the forrio oxlde Yy organic meberial. The total
$hickness of the eection 1s 1,015 feeb, |

The Abo m:tém putorops along the sastern base of the Osballe Ravge
vhars 4% 1los disconformably on the Pennsylvanian nmﬂcm; Oonglomaratic
beds ab the bawe of the Abo formation, exposed two and ene-hslf miles north
of Turtle Peak ab the northern end of the range, contain pedbles of the
underlying Megdalona limeatons,

No fomslle ware found in the Abo beds with the exception of unidenti-
fiabls prints of plant fregwenta; however, Flgure 2, pege 19 shows the
correlation with rocks of known age based on lithology and stvatigrephy.

A poarly ax;pan& pection of rocka, 180 feod thick, appears 3o de
transitional from the continental deposition of the Alo red beds to the
Baring deposition of the Clmpaders limeetones, sandatones and evaporites.
Land plent casts snd asymasetrical ripple marks sugzest a Serrestrial origin.



- Howewer, wsll oasts in some of the youngor heds conflick with this
sugzestion sod indicate inundation and subseguent evaporation of saline
sadere of o shallow amm of the Pormien Sea. The entire sschion consiats
of alternating shelon, siltatones, and mudatones, in eolors of yed,

brown, yellow and green,

The Abo-Ohaipadara gontact hae besn mapped as $ha osnter line of the

transition faoles,

The pans "Olnpadera’ wes adopted hy the Y, 8, Oeclogleal Survey
afder Darton (1922, pp. 116-182), Devton's plan vas %o comdine tha Yese
and $he San Andres formabtions besauass of difficulty &n separating the $we
Tormations fronm place to place. The oxlginal name was applied $o 1,500
feab of sandstone, gypwun, snd limestons capping Chupadera Mesa, the
nordhern boundary of Jorvads del Muerxto, in Socorre Counby, Mew Hexleo,

The Ompaders formation outorops in o wedge-shaped ares oast of the
Usballo Rangd. In he morthorn part the bdeds ere stesply dipping or
 vertlcal, and the entire formatlion Ls exposedj vhersas, in the centyal
and aouthern ;&nrt the beds dip sastvard at a more gentle angle (average
of 25°) and the seotlon 4s partly obscured by recent sily and gravels.

In the Ceballo Mountains area, the base of the Clmpaders forwation
was placad at the base of the limeebones which 1ie conformably on the
yellow and green mudstonss of thoe transition faslea. The formation

= 3749? & 4
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conaists moadly of limeastone with sxeller amounts of sandstons and gypsum,
abd han a total $hicknasa of €45 fest, The limestouss are finely aryetal-
line %o aryptoorystelline, wostly davik gray, thine to thiok~Yedded, with a
Tetid odor on $he treken surface. The wandslones are nedlumegrained, yellow
and red, frisdle and grpsiferous, |

Many of the limestone Yede mre fomsiliferous, buk most of the
epsciuens ave fregusntary of weathered to s dsgree thal makes Ldentification
A224euls} howsver, Aulostoges medlicalliamy (Leonard sge) and
Burhimi¥es sp. were found near tha base, sad Mirchimonia gouldif snd

pagnd (Quadaluplan age) were found 150 feot below tha sop,

Tharefore the Chupaders formakicn here rangoe from somesime in Leonardian
time to nomstime in Quadaluplsn time, if these foasils have thelr expested
range and sre correstly Ldentified, The Chmpadera formation has formatione

al ingbead of group eiatus in this paper besauss the Yeso, ths Clorieta
and Yhe fan Andren members are to0 poorly exposed in tha area $o consbitute
Feasonably sappabls unive, especially sonsidering the gradstionsl nature of
tha contaots, Ib Le easy to plok arbitrary points wheve the $hicknssses of
these mexbars can be measured, but such pofnts saunocd even be mapped ae
| spproxivate contacts, On tho basis of such measurement, tho morbers ars
assigned the followving thicknesses:

San Andves 280 foed

Glorieta 60 feed

Yeso MO fees
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Oretaceous Syston,

A noyios of sande$ones and shales 3,800 feoh thick, disoconformably
overlying the Clupsdere formation (pl, 9, 4) roppresests the Uppey ‘ﬂrat;mmn
systom, Dakoba sandatons, Mancos shale, and Mesaverde rocks have been
vemmm and mapped. Flate 18 (in pockes) shows the eoryelation of She
Oretsceous formations in hhe northarn Caballe Yountalns, with $hs
Urotaceous in other parts of New Mexico,

The DukoVa sandstons was named by Meak and Hayden (1862, p, 419) for
an exbonsive puborop of white, yellow, bwown, and ved sandstones in
JDakota ﬂmmty.‘ l’amm. The Bakota waa sbudled wnd mapped by Darbon
(1928) in naupm thmzshbﬁﬁ Bow Mexioo, '

A sondimisus ounterop of Dakota sandedone extends fyom Shs Rlo Grands
batwoen Truth or lonsequences and Xlephant Pudts Daxm $o a point four
niles soubh of Falomas Gap. A few ssall oubcrops oosur south of the mein
ousIFOD,.

In the Caballe Mountains, She Dekobs sonsisbs of 160 fest of massive,
finoe 0 coarse-grained, crowsbedded, brown sandstons that ie conglomar-
atic at the bese and S interbedded with shele and siltstone at the top.

Although no fossils were found in the Dakota sandatons, the ssodlen
sxposed in the Gaballo Mountains area §a similar lithologloally to the
Dakota ouborop 4n the Ban Juan Basin where £ is kuown $o be



Uppey Orebaceous, and 4% 19 also conformable with the overlylng formationa
from vhich Upper Oretacecus fouedls have been collected.

Hancos Snalg,

The Manocos formation was named for thick exposures of shale in the
Hancos Yalley and arcund the town of Manoos near Mesa Verds Hational Park
in gouvthwestern Ooleredo (Cross, 1899). The Manoos phule of southwestern
Oodorado and nmorthwestern New Moxico ylelde a Ooloyadan fauna {Reesile,
1924, p. 10).

The Manoos extends from the Rio Grande in the porth oendral part of
the area to a polnt four miles east of Palomas Gep, Tha soft shale haa
besn eroded to form a shallow valloy (pl, 9, ©) ths enkire length of the
outorop, with sxposures only nsar the hass and the top,

The Manoow expossd near the wouth of Hescal Canyon appears %o ba made
up almost entirely of sofy, dark-gray to black carbonacepus shale, varied
by & fev scattered, thin beds of shaly limestone and silsstens nesr the
bass and the top (pl. 9, B). A section measured mear tha mouth of
Hesgal Oamyon was 265 feed thick, Throughout the length of the ocuberop
the Manoon s partially obscured by alluvium and gravel which cover w’
bresk in the carbonaceous shale, if any exists, $hat might bs used So serve
as » gulds in subdivision snd better corrolation.

A fow pelecyped fragaents found in one of the upper upm 1inestonos
wore a Orefaaecus ype Dut could not he Ldentified more closely,
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A. Contact bLetween Chmpadera
forsation and Dakots sandstons.

'
H
|

- Muncos ghale with a few thin beds
of siltstone and shaly limestons.

C. ¥lat walley, topographic ex-
presalon of the Muncos sghule.

Plate 9.
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14 $hologioally 2nd strabigrephloally this gaction of shale is the Mancos

formation,

| The Hesaverde formation was originelly designated as a group Yy
Holmes (1677, pp. 245, 248) who dlvided 1% inbo Whreo wnnamed forustions
that are expossd on Hesa Verde in soudhwestern Colorado, Oross and
Spencer (1899) dated the Hesaverde formation as Monmtananm, dased on fonsil
specimens that were similar to those found in the Plerre shale in castern
Monbana, Myoming, and Colorado. A, J. Oollier (1919, P. 296) replaced
Holmea'! desoriptive terms with the following goographio names (doscending):
014£f House sandstons, Merafee formation, and zfoint. lookout mandatons, do-
rived from localities on or near Mesa Verde. . B, Resside (1524, pp. 13-
16) has done extsnsive work in sorrelsting the Masaverds formations in the
wesbern interior regions and he concludes that the subdivisions of the
Hesaverds, with refarence to & chromloglcal plene, change thelr positions
in the stradigraphie celwmm f£yom place %o place, ¥, 3. rike, Jr., In bis
Gooloziea)l Soolety of Amerlica Memolr 24, correlated various sectlons of the
Mosaverde formation in New Mexice (1947). |

Cusarops nf the Mesaverde formation occur in the eastern and northe
pastern part of the area (pl.‘ 10, D), fThe essanbially eastward-dipping
interbedded shales, silbstones, and sandstonss form & neries of cusstas end
ridges, the result of subsequent intermittent stroam sction. The ex~

posures are contimious in ths northeastorn park of the area but oconr as




A+ Contast betveen Mancos shals and
¥esaverde formatioa.

ek

0. Coal seam in middle member of
the Mesaverde Tormation.

3. Interbedded shale, siltatome and
: ssndstons in middle member of the
Mesaverde formation.

D. Gantly dipping bdeds of Mesaverds
in the sastern part of the area.

A

Plate 10.







Lelands surrounded by the bolson plsin along the eastern houndary foward
th‘ ‘Qm.

The writer bas sudbdivided the 3,775 faet of Masaverde secbion in $he
Oaballo Mountaine area into Shree mevbers as & means of more acomurapely
mepping the thiock section which covers over ome~thdrd of the sutire ares.

The lower member whivh 18 conformable with the underlying Manoos shale
(pl, 10, A) conststs of 1,275 feet of inberbedded, gray and green, glasoon~
itio m& carbonasecus eheles, mudstonas, aud siltstones, gray, green, red
and brow, fine- 4o medlum-grained, thin-badded %o massbve sendstones, and
a fov narrov seams of cosl, The sandebones are predomimant in the lower
part of the memder, and the shales, mudatones and siliatones are pree
dominant in the upper part of the mezber. The top of the lower member has
been placsd at & bed of gray sandstone thet vesthers chocolste brown and
gontaing many fragngnts of an unidentified Ostrea type peleaypod. This bed
oan be traced $he length of the main outerep in the northeastern part of
the ares and has baen recognized in some of $he isolated outcrops along the
eagtorn boundary. The shell fragmonts make wup over 50 percent of the bad
in pards of the area, and in other placos, whare tha rock hau been erodad,
$hey form a dark bend where they 1ie scattered on the ground,

The middle member 4s simllar to the lower member in compasition,
{pl. 10, B) Wt 4in addition it conbains many more mro\i soams and pods of
¢oal in gome of the lowsr ahale beds (pl, 20, C). The uppa'i part of the
middle member is predominuntly sandstons and the '.'wwa# part that contalns



the ooal seams L¢ mostly shale and silssbone, The coal s a very poor
grada and s exponed ab sevoral points where it grades in and ocut of
carbonacecus shale. The entire middle mewder is 1,650 feet thick,

The base of tha upper menber is placed st the boktom of a thick esation
of thicke=bodded to massive, orces-badded, fine= o soarss-grainsd dreem and
brown sandstons about 175 feet thick, which grades upward into silty sand-
stone and shals For a total thicknass of 450 feeh,

Yo atbempt was made to meke a Zaunal eollastion fyom the Masaverdej
arabina and Qstvea labrg (1) were found nsar the tmse
ef the lower nembey which indicates NHonbtanan age.

bhowevar, Insg

 Tertlary-Quaternary Systes.

A saction of reworked, pariially consolidated sands, gravels, asd
ponglomerate, in angulay unsonformity with the Orebacaous rocks (pi. 11, 0)
in the siream beds in the northeastern part of the area and lapping against
or overlylng the Precambrian {pl. 11, A, 3, and D) and early Paleosoie
vocks in the western part of the wrea, has been arbisrarily named she 2 0
(Truth or Consequences) formation, aftsr the towa of that name, The upper
vart of tha T O formation, which conslats of partly conwelidated sznds end
gravels, is Mthologlcally aimilar to the type sechion of $he Banta Te
formation slong U, §, Houte €5 in tha vicinity of Santa Fe, deasribed by




vestera part of area.

P. 2.0 formation overlying Precambri
granite.

0. T ¢ formation in angular un-
conformity with Mancos shale.

D. ® O formstion lapped up against
fault woarp of Precasbrisn granite

Flate 11.
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Hayden (1869, pp. 66, 90). It might bo botter to sorrelste tha lower

pard of this formation with tha Oila conglomerate dasarided by Gilhers
(1875, pp. SN0-541) and found in southwastern Xew Moxioo $n the Gila,

Ban Francisco, Bonita, and other oreek and river valleys. GAlbord dsscribes
" the formsbion as & "wysten of valley beds of whieh songlomorate e the _
sharacteristic memder* and “the boulders of the songleonsrate are of looal ;
origini the cement 4s caloite." The formation onm the weet iida of the ' |
Caballe Mountadns 4s sofy conglomerate in dhe younger bads tut becomes very
hard and compadtoed in the Lower part of the formation, The boulders snd
pobbles are all locel and consisd mostly of Precambrian granity and eavly

Faleozolo sediments which are csmented together by caloite whare the limew
stone has partially gome into solution, The size of the boulders and
pobbles ranges frow & fraction of an {woh to three feet 4in donater,

ha 7 ¢ formation ulong Falovaw arvoye, which draing the avea of Ade
sandstons enst of Palowas Gap in the centrel pert of the area, and the part
of the ares whers the formation laps wp against the Abe sandstone in the |
northwestern corner, has & raddlsh color caused by sand tmm tha Abo or
ferrio oxide leached frem the Abe, Falomas Gap thus sppears to have been
a drainage channel during the deposition of the T © formation.

On the northeastern slde of the rango, portions of the T G formation
have been covered by a Yasalt flow, Thin layers of oldar conglomerate,
compased of fragments of $he underlying Oretasecus rocks are exposed in
seversl places in contact with the overlylng volcanles, In other areas

whore the bVasalt has been dlecected by intermittent ebtreams, younger




sendstones and conglomeratos of the T C formation contaln basalt pedbles
and bouldsrs and wers deposited in sirean beds 300 feet Lelow the top of
the basalt flow. This indicates that the T O formation of this paper

{noludes units of widaly varying mges, probvably ranging from as early a» '
Mlooena to parte of Pleistooene or Bagenbd time,

Humerous snguler unconformidies within the formation ave probably the
rasuld of fluvisdile channeling and depcsitien.

™he thiekest sesction of the T ¢ formation inspected Yy the wriker was
in the Palomas arroyo, near ite wouth, whers an ssiimated 250 to 300 feel
are exposed,

Qiabernary System.

Dafinitely Quaternary sediments, excluding the upper part of the
previously described T ¢ formation, are reosnt silbs, sands snd gravels
osourring as thin mantles over older rocka, However, aleng ths Bio Orands
and along the bholson in the eashern part of the area, tha silt attains
mich greater thickness,

JOEBQUS AND HEPAMOEFRIC ROCKS.

Procanbrian System,

Yary 1ittle work was dons in the Precambrisn rooks gther than %o
outline the areas exposed by Laultiug on the west side of the renge, 7The




oldest rocks are meSamorphosed schists and quartsites that were laver in~
truded by granite and related rocks {pl. 12, A and B). An estimated 053
of the sxposed Precambrian is a gray to red fine- to coarse-grained
Blotite granite, Associated with the granide are mumerous dikes of granite
gnaies and pegmatite,

The metamorphosed sadimente outcrop in varicus plsces in ths weslera
part of the avea, particularly in the northern part sbove Palomas Gap, All
. sxposures visited ly $he writer are sither enclosed or out by the granite,
Pognatite dikes are Lound wouth of Ihnabottm Canyon and consist of quardz,
orthoolase, and musoovite, The best expomures of granite ooour aloag the
wasdern base of the Ueballo Hange, In places, the granite is undergoing
rapid dlsintegretion to a coarsely granular surface deposit of arkose. This
19 partioularly srue where the sxposures have bsen eroded to gently sloping
surfaces,

The granite, metamorphic and assoolated rocks unconformably underlie
ths Cambrian Bliss sandstone, The contaot indicates a long period of
erosion, during which the Precambrien teyrans eroded $o s surface of low
rollef, Xverywvhers the wﬁhar obsarved the gontaont, the Bliss formation

showod depowitional relationshdp to the Pregambrian.

Tortiary Systenm,

1gneous reprasentatives of the Tartiary syshen ax‘o‘d&kaa, with donnect-

ing #1lls 4n some inatanges, and a later clnder oone and lava flow of



A. Intrusion of granite in
metanorphics.

. Bs Olivine bumalt dikes cutting the
Kesuverde formation.

Plate 12,

D. leve, ceh beds and gravel.







alivine Basalt (pl, 12, D). The lava flow has been separatod into patehes
vhich visual contimity relates to a single flov, as dlstines from others
%o the north,

The oliving basals dlkes (pl. 12, 0) ave conosnivated in the norbhe
Ss8torn part of the ares and sppear on the asrfal Thotographs a9 a serins
of parallel limes trending northwestesoutheast seross the sediments, The
dikes apparently are £111 fractures due o rogions) axtenwion in tha
®arthls crust, operating sleng a northeastesouthwest divestion. They ante-
date the overlying lava flow se evidenced by the freshosas of the lavas as
qompared to the high degres of veathering and uniforn tyunsadion hy
" e¥oslon of the dikes, They do mot oub the everiying lava €lov,

The slivine Basald flov eriginated from Gaballo Cone (. 3, D) &an
the northeastera pars of the ares = a simple ¢inder cona with a breached
eéatw. 1ts state of Adssection ia varly youth as {s the¥ of tho lavs
sheat darived from 4%, This is apparend, sincs An soms purts of the ares
the lava overlies $hin bods of ash and lapilli (pl. 12, D) widch rolates
the flow to the contiguous cone with Lts voloanle bombs, lapilll, snd
Pyroclastios. Of the onos condimwous sheed, only smll remnants remain,
overlying the horixontally bevelsd surface of Formlan end Oretacsous
sediments and lonally soft ssndatone and conglomarate resulting from
erosion of the underlying sedimense.

The eruption and subsequent lava flow camnol be dated eloeor than
late Tertiary or Fleistocens, from the ovidence availabla in the ares,



A long period of time mush have elapsed after the post-Oretassous orustal
dlsturbance %o allow the sediments to become bevaled to a nearly flab
murfaos prior to belng covered by the flow., The flows farther north,
partlonlarly at Han Marcial in Soocorro Qounty, are very simdlar in physi-
sgraphlio sppearance and compoeition, and bave been dated as Qaternary by
Harley (1934, p, ¥O)1 bowever, vomparison is aleo possidle with flows in
Santa Ye County that are intexrbeddsd vith Pliccens sands and gravels, The
great amount of material that han buen removed Wy erosion, lwaving only
th in the area, wugzzeste a considerable time interval since $he ex-
$rusion, tut this material could have been removed in & fov Shousand years,
sim Proper base leve) conditions, Ths necessary base level conditions
vera not prodused until ¢he reladive downthrow of the Rlo Grande graden,
The time interval between the flov sxtrusion and commensement of srosion
MAY Ye much longer or much shorfer than Yhe $ime sinae the erosion began,

STRUCTURA,

The structursl relations in the Cadalle Mountainms are complicated,
and %o deplet them completely and &n detall would requirs a largor scale
base mep than vas svallable, Many of $he drag folds and minoy faulte
have besn omivted on the map, They coour in such mbundance in limited
ardas $het thoy debract from and confuse the reglonal ploture; the
difficulties of prosentation are miltiplisd Ly the lack of topogruply,
partioularly where structural surfuzoss alternately parellel or aub as
high angles tha Sopogwaphic surfacs.

2.



Tolding,

The Caballo Mountains have undergone intenss parallel folding of all
rooks from tha Frecambrian through the Oretacecua; later vooke (¥ ¢
formation and hasalt flow) have only bean tilted.

Tha most dintanea foldlng 1a along the orest and west slopes of $he
Oaballo Mountains (pl. 13, A and B), In the vicinity of Turtle leak whore
the range trends essantially north snd south, the folding s roughly
parallel to the orestline, On the wost side of the crest, Just south of
Turtle Peak, erosion has exposed the bods at their point of waxiemmum
ourvature. In this arca $he Alp of the axial surfaces varies from WB° to
60° wost, and the plunge is about %% north. FTarther ecuth and to the
oast of Palomas Gap, these same Lolds have $helr axzlal swrfaces Adpping
sand (pl. 14, D). The folde north of Palomas Gap are terminabed by faullie
ing at the north end of the range and 4ie out southward in the vicinity of
Palowas Gap.

South of Palomas Gup, vhere the renge trends alightly easst of north,
tho folds cub tha orest ut e allzht angle and the treces of tho axial
surfacas run wp one alde and down the other so as to divids $he range inde
aress vhere the heds are overturned or steeply dipping, from avess where

the beds are relatively flat lying.

The metamorphic effeat of the foldlng on soxe of the owao—@atmd
sendatones Is Interesting, In the srea arcund Turtle Pesk, sandatonas of

14




A. Folding on Furtis Peak; dotted
line Tepresents single bed,
dashed line represents axial
surface.

0. Syncline on sast slops of ringe,
south of Turtle Peuk; dashed
1ine repressnts axial surface.

Plsie 13.

B. Qloss=up of imsert in 4.

D. Example of minor folding in the
area.
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Pannsylverian age ars quarizites vhere they inbersect the axlal planasg of
tha folds in the avea. It was also moted that the early FPaleozole beds
have shattorsd and frastured to & grosber exhent than the Pennsylvenian
bods, whare involved in folding.

The folding, or ab least the initial folding, vae followed Wy fauly-
$nz n9 evidenced by shearing of ke fold axes by feulis,

Poulting,

Fanlting in the northern Oaballo Mountains sppears to be caused by
the seme foroes thad produaed the folding where the straess continued to
the poinmh of rupture, Detalled Lnformation could mo be determined for
many of $he faul$s beoause of talus cover or subseguent erosion snd
- modification mnum fault scarps.

The faulting oan Do olessified under $hres groups in mocordance with
the general dlrectional Srendt a morkhwest-southeast group, s north-soush
group, and an eant-wesk group,

The sroa 42 moest intennely faulted on ths west elde of ths range
north of Palomas Gap. The earliest faulting is represented by sn échelon
pettern of northwesterly trending faults that form $1lted faulé blooks
(rl. 15, D). fhno wers cut by later longitudinal, north-soush powmal
fanlts, of which Oaballe fault is a good oxample.

Ceballo fault extends the length of the northern Cadallo Mountains,
It oan be $raced for most of Lts length exvept whers the fault iine s




A. Universal fault and aine.
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B. Imporizl mime on fault near west
end of Palomas Gap

C. Transvorsa fuult oa west alope,
north of Palomas Qap.

D. Synclinal vellay esst of :
Felomas Oap. :







A

lo0ally coverad with delris, Southwost of Purtle Paak, ths feult plane
dips 67° west and has & stratigraphic $hrov of about 1,200 fooh,

Several transverse faults lie almost normel $o Oaballo fault, as ox-
emplified by $he Universal, Palomss, and Longlottem fanlts. The Tniversal
Zanlt 43 a normal fault with a stredigraphle throw of nob less than 400
foob and dips 75% south, Just sast of the Universal mime (pl. 1%, A).

Palomas fanlt, however, im a transverss reverse fault, whera $he Blisy
sandstone is in contact with the Magdalena limestons tub dies oud morth-
sastward as a bedding plane fault, The strasigraphie throw 4s about 400
Toed and the fault plans dip 18 60° northwesd vhere he Bliss is {n contact
with the Magdalena, (See pl. 15, A and B.)

mmttm fauld is aleo reverse and treands south £0° sash, for over
four miles, d1ps 65° south and has & stratigraphis SLrov of about 500 feet
on the west slops of the range, The seush side of the fauld is upthrown
80 that the Fregamirian granite As agsinet she lower Pennsylvanian shales
and limestones ab ths hoad of Longhottom Canyon.

The western slope of Tartle Pesk iw oub by low angle (30° %o 50°)
faults $had trend spproximately sorth, Thay start close bogether my
£radually viden oud along $heir northern extension. The pattern is typi-~
gal of sluwmp blooks,

Hany of the smaller faults in the area are transverse normal fanlte
{pls, 14, C and 15, ¢) and are of ssonomie lmportance where they oaour in




h. Palomas fault.

C. Trangverse fault one-half mile

north of Palomas Gap.

Plate 15.
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B. Qlose-up of Falomas fault
showing relatively fresh
surlacs.

Universul fauls.
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the Paleorolo formatfons, in $hat they serve s chaunels for wineralising

ﬂolmtonh

Thara are several indications that fanlting sontimsod in tha arés,
up through Tertlary time. Alout ons mile southeast of Turdle Peak, &
rexmant of the basalt flow dips south 65° eest ab en angle of 14°,
Palomes fault has & relatively frosh fauld surfsce (pl. 15, B) in
Palomas Gap, suggesting later movesment along the old fanlé lins, Yorth
of Hatch, tha writer obesrved $wo separate sections of yartielly oonsolie
dated uands and gravels, in augular wisonformity to aush othes, both of
which are gomparable to the upper parts of the * ¢ formation.

Struatural Analysie.

Auy sualysis of the forces causing tha general pattorn of folds snd
Tewlts i hypothetioal. This 4s partioularly true 4n the northern
Caballo Mountains vdw:m the majority of faulhs do nob prevent evidense
other than thelr hmnd or relative movomens,

4 north-gouth foros couple (fig, 3) is one possibla explanation of she
fold and fauld patterns,

P
,

Figure 3,




In figure 3, ¥ and § pepresent the hypothetical nortl-sonth forae couple,
A - A veprosents tho axis of folding and later yupture, normal to the
divsotion of groatest shortening, B ~ B' and O « G} zepresent t$he northe

south and east-vest fauld groups formed by shearing,

Tha time of deformation cannod be dated earlisr than post-lesaverdean,
and indloations are that wovemend occurred in the Qratersary period.

Geologlc History

The eariiest record in the area indicates deposition of Precexbrian
sodiments mnh wore later intruded by Motite granite and assoolabed
izneous rooks., A period of srosiom followed the inkrusion and the area
was ponaplansd.

The first evidence of marine imindabion 4w in the Upper Casbrisn
when the Rliss sandstona was deposited. 7The hiabue that represents (hasyan,
Mohawician, snd possidly parte of Uppor Canadian and Lower Cinsinovatian tine,
mgaeste a period in which the area remsined sbove wea level, during which
non-deposition or erceion interrupted the normal successlon. The area was
fnandated during Montoysn time until the sess regrawsed to the south, aw
evidansed by the ingreass in thickness of the Lower Paleowois soldiments
toward tha mouth, psrticularly in the Franklin Mountains, This regression
produced a hdatus rqprosonun; the 2lurian, Devonien and Mississipplan
periods, According Yo Dr. Vincent O, Kelley i/ of the Univeraity of

2/ quaon.gl commnication with Dr, EKellsy, Apwid, 1951.




¥ev Nexlco, Silurisn and Devonian sodiments are present south of
Prushy Mounteln, and probably reprasent the northern limit of the Silurian
and Devonian aeas in thia fmmedlate wvicinity,

The 1imestonss and shales with marine faupa at the bass of the
Pennsylvenian sysbtam indicete a veturn of the seas in Atokan tims, and
sontinusd imundation through Desmoinesian and possibly Missourian time, A%
~ $he end of the Ponnsylvanian, $he seas regressed and the land remained
abovs sea lovel while the Abo formabion was depowlted,

During Aboan time the area was prodably a woll=drpined region of very
hot and very hamid olimate, conditions sondicive to the formation of red
ssdiments (Krynine, 1549, pp. 61-63). These conditions would also mocount
for 4he stream ripple merks, aross-bedded sandstones 1ike $he channel senda
of atreams, snd the fossiles of land plants,

Seas again invaded the avea in middle Pernian time, depositing the
Chapadexa fomuon. The presencs of evaporites is proof of very shallowv
sens advenelng over a flat surfzce. Ivaporabtion was only partial as no
bads of salt were found, although n few casts of sald srystels were

obyarved.

At tha end of Chupaderan time, the Permian seas receded scuthsastward
from the area, A hiatus from Middle Guadalupian $o the beginning of
Dekotan time raprosents a period of ervsion, or at least terminating in
uplift end erosion, as evidenced by the disooniormabile contuct of the
Dakota sandstons with the Clupaders formatlion, It 1s poasible that reaks
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of Oohoan $ime, such as are repressnted by the $hick beds of evaporites
in Loa and BAdy counties to the easd, may have been present inm ths ares ‘
st one $ime. Lover Orebaneous vocke $hab sre pressut to the south, |
partioularly tn Hdalgo Gounty (Beosids, 19%4), asd friassto roaks, sush
as the Dockum group exposed eround Carthage in Socvrre County, may elso
have overlaln tho area Wt were rauoved in pre-Dekoten hiwe, The erass-
laninated sandetones Lutorbedded with cardonacesus shales, vhich are found
throughout the Orefaceous mysben, suggest an aliermating regression and
transgrasion of shallow seas, Yordered by swamp deposits vhioh were
repoatedly imindated during the Upper Oreteoous pericd.

'.l.‘kw_ uplift of the land surface during Faleozole and Mesozols time
mish have beon gentls and on 2 gontinental soale, unaccompanisd by folding,
tilting, or fracturing of ths strais, ‘hamu throughoud she long interval
of tlus the atbitudes of beds above and belov the wurfaces of erosion re~
malned the same,

¥vidende in the ares doas not Justify dsting the folding closer than
ponmyaaworm»; bowaver, 4% 19 posoidle $hat £% was started bty the late
Oratmamgu and early Tertlary lgnecus activity which ocourred around
811ver 04ty aud other places in scuthwestern New Mexico (Harley, 1934,
Pp. 38, 39). As the igneous ectivity of the region beceme more extended,
tho inttis) folds contimusd to develop snd finally resulted in faulting,

A pariod of erceion followed tha orustal deformadion of posd-
Mesaverdaan $ime, Ths first ovidence of this s the T O formation in




anguler unconformidy on ths Orataceous and older rocks,

During the deposition of the T 0 formatlon, the area was intruded
by basic dikes with a general northwﬂasouﬁhemt direction, which
sugzeste that the area undervent a regionzl extenaion fyom a northeast-
southwost direction. This would form frachures which would act as
ohannals for tim intruding magma, It is possidle $hat Sheee extenaion
frastures vere caunsed by mogmatlo pressure sxerted along sonas of wesknoas
thad were formed during the arustal deformation. |

& pertod of voloanism followed $ha basie dike intrusion, during which
the pediment surface in the morthesstern part of the ares was doversd with
ssh beds and Yasald,

Tepoeition of the 7 § formation contimeed indo She FPlelfebocens, as the
upper beds gonbaln petiblas and boulders of basalt, indicating a period of

avosion sinos the voloanism,

 The Quibernary period was essentially a period of eroslon during
vhich the ugper T 0 formation wes chanuneled and redeposited) the dbasals
sheat vas dipseoted and partially remeved; the Tertiary pediment, over
vhigh $hs baualt flowed, van dissected ty subsequent intermittent strean
dralnage developing beadward from the Rio Urande; and the Dolson sllte,
pande and gravols, wmm.mtlo the Oretaseous and Tertiary sediments of
the Jornada del Muerto, were depositoed. |




ORE DEPQSITS

Fluorite iw m'mmm ore in the northern Caballe Mountains area,
Moet of the deposits are on the west side of the range, oeaurring in
fissure veins wvhich have besn formed by replacemens oy space-1il1ling
procesass in the ?rémbriam granite or Paleoxolo limestons and dolomite,
The hrsu{t}mrun deposits ooouwr in the Upper Ordovician rocks and die
wﬁ rapldly near the Femnsylvanian contact, The fluorite is gonerally
fino-grained and vhite, with small amounts of r;aln green and pale Wlue,
Quarts is the predominant gangue minerals in veins 4in Precambrian roeks,
vhoress oalolts 1a the prinoipal gangue mineral in veins in the Falsomoic
sediments. DParite 1s a comwon veln wineral in either wodimentary or $p-
neous host rooks, Scatdered arystels of gelena cocur in most of the
deposits. ALl veins in tho rezion are presumably connechod %o a deep-seated
~ Tortiary intrusive similar to that whieh outorops on thoe weat face of the
Tra Cristobal Range to the north and near Outter, 13 miles eass of
Palomas Gap (Harley, 1934, p. 201).

The ¥hite 8%ar, Tingley, Qakland, and Universol veins are on a Erovp
of seven patented olaims wiioh have been owned sinse 1924 by
Blanchard Namson of Truth or Oonsequences. These proapsots wore worked
intermittently from 1926 %o 1934 Yy ¥Fluorspar Minss of Americe, Inc, The
deposite wore reopenad in 1540 by the United States Fluorspar Company,
which nanahm#;tad & flotation mill nearby on the east eide of the Ro Grande.
Hining and ®illing were dimcontimned in 1942 Yecause of metallurgioal and
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trm#port@tiom diffioulties, in splte of urgent mesd for fuorspar in

var induatries, Prelimivary examining, sampling, dlamond-Arilling, and

analysing were carried on bty the U. S, feologioal Survey, Yedaral Bursau.

of Mines, and $he Bumphreys 0old Corporation, fyom 1gk2 %:b 194k, The

object of thls survey was Yo determins whether {t would be fessilbla to

contimie work with the expectation of opening up new adlaveny shoote op

high grede extenslons of the sbandoned ones, The yrolimdpary revort

(Rothroek, 19%5) was inconclusive and Zave no infomﬂw as to ths future
possivilities of the mines inepseted in the ares. The Universsl mine

(pl. M4, A) started up again in March, 1951, Blanchard Hanson, vith

small orew, hae been mining about $wo carloade of fluorike yar day, trans. j
porting tha ore by truck o Nngle and thense by rall fo los Iunas, New Mexioo, |
where 1t im processed by the Zuni Milling Oompany .

The Imperial prospect (pl. 14, B) also owned by Blanchard Hanson, lies
on the south side of Palomas Qap, Small amounts of fluorsper wore narketsd
wnbil 1944,

The Bluejay mine on the eastern slope of Brushy Mountain 1s the only
othey mim in operatien, It 1s ownsd and operated by Mike Gallegus of
Hatoh, Yew Maxloo, The 'ora ained oontains galens vith eubordinste amounts#
of chaleoopyrite and fluorite, "The fracture-£111ing minaralisation {»
assoalated with he longbottom fauls, tp until April, 1951, no ora had
been shipped, tub a few tons vere stock-plled &b ths wine. Gallegos in-
~ dends %o truck the ore to Caballo Siding and then shiy by rall %o




Deuing, New Mexice, for proceasing,

The Bluejanket mine Lo an open oub 50 feed long, 25 faet deep ab the
fase, and the sone 4s a3 wuoch as 15 feed wide in places. Fluorite,
quarks, and barite were daposited 4o the fauld gons $hat forms the oaud
side of the open out, In 1541, 600 %o 1,000 tona of ore were mined, and
the mine slub down shortly aftervarda.

The Yordy-one prospect contains uremi‘ sub=parallel fluorspar veins
that trend north, The veins are flssurs £i1lings {n granite and are
erossed by east-vwonh tronding veins Shat oontaln lowgrade manganese ors,

Tha White Swan, Harding and Napoleone-losa Lee were originally worked
for lead, tut leter (1919) vansdium was recoguized in the ore. ALl veins
- are along fracturas in the Maders meuber of the Magdalema limestons,

The Cox mina, which is eesontlally a fluorspar prospectd, consiste of
sovoral voine in the Magdalena limestone that ocoupy small fracture zonas.
A Tew soattered grains of galena were found in different parts of the
prospost. A total of 705 tons of fluorspar was msrketed during the
perdod 1920«1984,

The Deway mins, norbh of Palomas Gap on 1o east eide of the yange,
wad originally a amall lead prospest which was purechased by tha
Southweatiern lead and Joal o, &n 1907, In 1909, a thin coating of brown
exystals, thoughd to be cerassite, was determiped to Ye vanadinise,

A, B, Bement, & sbookholder in the company, organized the Vanadium Mines Co.

Umuu%‘l .
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which did exbensive development work im the mine during 1910 snd 1911,
A fow pounds of vanadium oxide were produded befors it vas finglly aimb
dowvn in 1911#

Weak copper minsralization is found in the Abo sandatone, Just east
of Palomas Oap, The sulfide copper minsorals {inelude chaloopyrite,
chalooeite, and covellite; tho oxidized minerals are malacldts and arurite,
Tho gevgwe minerals are predominently saloite and berite, with minor
amounts of pyrite. The mineralization s $he resuly of replscement along

fracturas,

Yor detalled descriptions of the ore deposids of $he area, the follow
ing roferences are suggesteds

Haxrley, 0. ., The Oeclogy and Ore Deposiss of Blerra County,
Hev Mexioo, New Hexioo School of Mines, State Buresu of Mines
and, Mineral Resources, Bullotin ¥o, 101 1934,

Bﬂtmm. H, E-.’ 3011!1&0&, a. Ho. end m; A, Dq. n"ﬂ"w
Hosarves of New Mexieoo, Now Mexico School of Hines, State
Barean of Mines and Mineral Resources, Bullebin No. 211 1946,

Hogs, 3‘; L., Vanadium in the Slerra ds los Oadallos,
Row Hexico, United States Gecloglcal Survey Bulletin Bi0
1947,

%



OIL POSSIBILITINS

The Panneylvantan and Cretacecus formations contaln good shallow
Marine shale and limestons deposits, as evidensed Ty crinodds, thiek-
shelled pelecypods, and other fosslls that had s shallow marine habitas.
Thess might well be ths source beds for odl and gas. FPorous sands are
pregent, partioularly in the Oredasceous, which mght serve as raservolr
rociny héwmr. no tests ware run on any wamples to determine thole
pormeability,

Although muoh of the sastern part of the arsa, vhioh is wnderlain by
the thiokest seotion of sodinmants, 48 partly obscured by r&amﬁ depoolts,
$he mumorous Lsolated sxposures {ndicste loocal atmctural higha, represente
od by both anticlines and dowes, which are most mmerous Just oubside the
sadtern boundary of tha area. Faulting, whioh would serve ko bring source
bedw into contack with roserveiv rocks or would ot as dens to $rap hydroe
Oarbons by bringing impermeable and pormeable horizons intc contacd with
ons another, alep ocours mostly outalde the easbern boundary.

Hany of the ofl-produoing formstions in southezstern and northwestern
Now Moxioo ave the stratigraphig equivalents of the formations found in
$he (aballo Hmmtai_na arTen.,

In the period from 1940 to 1948, 0. R, Wofford &/ drilled three wells

H . e

" Porsonal gommmndcation: 1950,
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in T, 34 8,, R, 2 W., with the following resultm:

Fotal Depth
Hame in foel : -3 :
Wn_tfoi'd ¥o. 1 207 Monavarde Mesaverde Dry
Wofford Mo, 2 53 Magaverde Maaaverds vy
Graham State Ehow of gom -
, 300 Loot
¥o. 1 507 Mesgvorde Hosaverde Show of ofl

Severanl oil companics in the past yeur have Been working is the

Jornada 4ol Musrto, and np;mently gurface indications look promising
snough $o warrant further explovabicn, since three geoplyaical companies

are currently making complete selmulo surveys of the area,

The esstarn part of the arsa, for the adeve roasons, 4¢ conwidered

1ikely territory for oll and gas accumlation,



-~ Qourpely crystellines
Qoarse-grainods
: Cryotoorystallinas

e Pinely aryatalliina

Fing=grained:

14*1‘ !Eilli :

Hediumebodded?
Hodium-rrained:
Mudatone:s

Shales

S{1tgtongs

Thick-boddaeds
Thin-hedded

GLOSSARY

Crystals oan be soen with nsked eye.

Graine 1 zm to § mm in dlameter, Grains above
5 mm are pebbles,

Crystals cannot be eeen with hand lens,
Orystals can bs seen with hand lens, Lut not
with naked eye.

Grain sizo .29 mm or smaller, but etill
discernible to the naked eye,.

Small sindery yyroolastio fragments from .5 om
to 3 enm,

Thicknoss of beds from b inches to 12 inches,
Srain size from .25 mu to 1 mm in dlancter.

An indurated, non-laminatod sedimeat composed
of ¢lay-minerals and other constitusnts of the
mid grade., o gramular texture ¢an be saon
with e hond lens.

Same as mudetone, exocopt for fissility.
$imilar to mudstons excopt the granular texture
can be seon with a hand lons,

Thickmess of beds greater than 1 foot,
Thicknoesa of bads from & fraction of an dnch

to 6 inches,
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