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Vanadium deposits in the Carri-o Mountains district,
Yavajo Indian Reservation, northeastern Arizqnir

and northwestern New Mexico.

By D. C. Duncan and W. L. Stokes

Abstract

Yow o e
Sem o

The Carrizo Mountains vanadium district is in the Navajo Indian
Reservetion, northeastern Arizona and northwestern New Mexico. Froa
May through Gctdber, 1942, two mining companies, operating under leuse
agreements with the Navajo Service, opened several mines in the district
and produced a total of egbout 6,00C tons of ore, averaging aprroximetely
2.2 percent V205.

The central ignesus rock mass of the Cerrizo Mountains 15 surrounded
by gently folded sedimentary rocks of lMesozic age. The vanadium de-osits
are sporadically distributed in a sandstone zone in the lower part of the
Morrison formation of Jurascic age.

The ore is sandstone impregnuted '~ith vanadium- end ureri - bearing
minerals, an@/ignges in grade from 1 to 10 percent Vzos,averaging ebout 2
percent Vbos. The ore bYodies are irregularly tabular masses that lie
nearly parallel to the enclosing sandstone beds. They range from a few
inches to 6 feét in thickness and from a few feet to as much as 30C feet
long and contain from a few tons to as much as a thousand tons of ore.

The vanadium is believed tn have besn denosited fronm ciréulating
ground weters before consolidntion of the snclosirng sediments. As the
controls thet locallzed ore bodies within the .ore-bearing. =one heve not
been determined, the exact geographic distridutisn of concealed devosite
cannot be predicted.

Estimated reserves of indicated ore in the district total about 17,000

tons, contalning about 2 percent V50g5, and are edequate to maintain the



5

present productioi. rate of about 1,200 tons per month for about one year.
Estimated reserves of inferred ore in the known mineralized areas total
about 70,000 toms, containing about 2 percent V,0g. Much of this in-
ferred ore will probably be located and mined by the operators as exist-
ing indicated reserves are depleted. Additional inferred reserves on
the order of 12 million tons of ore are believad-to underlie about 350
square miles of the district, but the cost gf;.searching for and mining

this ore with present techniques would be much grester than the present

value of the ore.

e ‘.:: Q:“* !J,"‘ e -



"7 77 77 Introduction f |
Deposits of vanadium ore are spordically distributed in sandstone of

the Morrison formation in the vicinity of the Carrizo Mountains, the Ngve¥®
'Indian Reservation, northeastern®Arizona and northwestern New Mexico. Th
district is an area of about 800 square miles, _/ The Carrizo Mountains

o ]

/ Fi_gu_re_‘ 1,, Index map showing location of Carrizo Mounteins vanadium

district, Navajo Indian Reservation, northeastern Arizona and northwestex'

2

are ‘in ‘the- cenf?al part of the district and are bounded on the west, north,

New Mexico.

and east ‘by extemsive ‘flats that are cut on sandstone and shale and partl.
covered by thin mertles:of gravel and dune sand. Soattered buttes and
mesas rise -ebove, &nd .deep washes cut below the flats. The mountains rea.m
an altitude of :9,400 feet but mcst of the kxnown deposits are in the flats'
e.nd a.long ,\the,abp.s.e of the mountains at altitudes between 5,000 and 6,000
feet. 2 uthongh the qlimte of the region is seﬁg'-arid, sufficient water '

~2328 satan

available from springs for noml mi.ning requirenents. Weather permits
..,-) ‘-k -'rﬂ —«—\\' .-£“- - Q J__' .

surface mining throughout most of the year. Gravelled and dirt roads lea.
from most of the important deposits to Shiprock, New Mexico, the nearest
supply point, 38.:$e.60 miles distant. The nearest processing plants for
vanadium oreare.the Metals Rqaerve mills .at Durango, Colorado and at .
Montigellg, ﬁﬂgl.hy JRe2y 3;3:1:{'391:0'1 Jrom the deposits to the Monticello mil!
s haul of about 15Q milgs » OT to Farmin;ton, New llexioo, a haul of about '

_..~ -4 23w

miles, from which point it is shipped 50 milet by rail to Durango.

- H - .
sea ¢ INIvIil aao ERA 27

h pa.rt of the U, S. Geologica.l Surv'oy s investigations of critical

P - -
jradi ol Do fodae

minera.ls, the depositl in the district were examined during October and

Novenber, 1942 byDnnoa.n a.nd Stokes, under the immediate supervision ofl



R. P. Fischer. The accompanying geologic map (£1. 1) was compiled from

-/

Plate 1. Geologic map of Carrizo Mountains district, Navajo Indian

Resarvetion, northeastern Arizona and northwestern New Mexico, showing

location of vamadium mines and prospects.
' . D

aerial photograchs. Outcrops of the ore-begring beds in the area total about
150 miles in length. Of this, about 50 milms df cutéroo, mostly in the gen-

eral vicinity of vanadium mines and nrospects vuv‘fe"i-ﬂet examined in detail. The

ore-bearing zone in the northern pa.rt of the mop area, whers sand dunes

- - > R—c——

-~

conceal most of the bedrock, and in .the westers.and southwestern parts of
the map area, much of which is comparatively-inacccssible, was mapped in
reconnaissance. . Three small aregs ‘that are being intensively mined were
mapped in detail with planetable (Plateg:3, .3;77<dnd %X e

Thenks are due to the staff of ‘the Vidndivm Corbordtion of America,
particularly Messers D. W. Vileés -and’%k. . "Sg¥adl “of ‘theé Monticello office,
£or the many courtesies and &id ‘in thé F1eld work. 5-]}”8;;:: John Wade and

e e ey b

T. ?. V. Curra.n. owners of the Wade a.nd Cm-ra.n Compa.ny kindly supnlied much
PO ERAS N SR WY goam sl
valuable information.

10 DI SRS N Sl SN, £ SEEE s S T

Ty

& . SHiet6ry and Produetidd .. =73 77 .-

Vanadium ore‘was-disdovared fnithe aistirldt ix 1’51@;‘ and by 1922 aporoxi-
mately 40 claimi” webd fiz.‘sed 2284 the Fatajo IﬁEiaafééi-viéé.- Ore vroduction

o

during this period was ema.ll, and oniy a feew tone “were ehipped to processing

e ot '...A' 3 Y- - L .P,x ‘t . ~
nlents. Prospecting activity 1n the distrio‘ ceased in 1922 with the gen-
v S 1 o3 vem L Wy e T e oA
sral deciine of uraniunm, ra.dinm. a.nd. vanadium mining in Colorado and Utah.
. SN I 1S :~-J*3.:.-.-

During the 1930's, soecial‘leaee regulatione governing vanadium nmining in

Lol LI S 2 .

the district were estzb.ished whereby orosvec .ing or mining leeses of vari-

able size could be obtained dy bid at pudblic auction. Successful bidders
_

contracted to pay royalfty on the contained V.05 in ore mined, plus a dbonus
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to operate each lease and also to employ Indiens for unmskilled and aemi-'

..

skilled labor. -

Mining in the district was resumed in 1942. Vanedium Corporstion O!

America begen operations on two prospecting leases that covered extensivl

arees within the district, and began shipment of ore to the Monticello mill

in May. Wade end Curran Company, which holds S claims, started shipping'
ore to the Durango mill in July. About 6,000 tons or ore containing ap-

proximately 2.2 percent V,Ox were mined from the district during the period

¥ey thrugh October, 1942, .



Geology

The central mass of the Carrizo Mountains consiste of intrusive igneous
rocks of Tertiary age, and complexly deformed older sediments. Gently in-
clined and flat-lying Mesozolc rocks are exsosed around the flanks of the
mountains and are in part domed and in part cut by the intrusive mass,
Scattered dilkes and plugs of besic ignecus rock intrude the comparetively
undisturbed sediments surrommding ths mountains-

The age, thickness, lithologic character, and topogrephic expressiosn of

the sedimentary rocks exposed in the district are‘shown in the following
table.



Genernlized section of sedimentary rocks exposed in the Carrizo Mountains district.

F -------------------- - -
Thicikness Lithologic charecter and torographic
ISysten Seriee Group Pormation (feet) exsression
Cretac~-| Uuper Dakota (1) Brown-weathering, cliff-forming,
eous Cretac- . sands tone 30-40 conglomeratic sandstone. Caps scattered
ecus ' buttes and mesas.

Bentonitic shale; gray, vink, greea, white
190-210 tan, and yellow bands, Unit weathers to
smooth varicolored slopes.

Sandy shale; gray anc bluish-green, with
. 210-280 lenses of white, friable sandstone which
S B weathers to tan. Unit weathers to low
cliffs and slopes.

.. | Morrison —_—
<" - L formation Chocolate=brown, sandy shale and white

210 sandstone which weathers tc salmon-pink.
Unit weathers to low cliffs and slopes.

Lenticular sandstone, weathering to light

SETTREN IENPRR . 180-200 gray and light brown, interbedlded with

minor red, green and gray shale, Vanadium

depositad scattered in lower 120 feet.

F o g L - Unit weathers to discontinusus ¢liffs and

¢ benches,

.. White, red, and brown massive sandstone
San Undi'f'ﬂ-l - and red thin and crinkly bedded mudstone

" -Rafael |-sntiatad 100-150 and sandstone. At top is a white sand-

N e stone 1 to 5 feet thick contalning scet-
-t - T e tered coarse grains. Unit forms slopes

and distinctively banded cliffs.

Jurce=-| Upper -
sic Jurassic

Juras- Ted Yo Slem db Updiffers |4 . White and red tangentially-bedded, massivel
sie(?) Ca.nyon entiatod 4003 i sandstone. Weathere to smooth vertical
: cliffs and dare rock hummocks and domes.

E PSR N - . .
ST M SR B2 NPsod s TRANRCIE O alll R . ——

——— . e t————

Triog- Undiffer- ' VYaricolorsd shale; thin bedded sandstone;
sic entiated & | 1,2008 grey limestone; conglomer: te.

!
————— .

l l3ed.s in tke Carrfzo MouRtaI® A¥strdet; which were formerly a.glignod to the lower part of the
TlcElmo formation by Gregory (U.S. Gdol. Survey Prof. Paper 93, pp. 59-71, 1917) were assigred
to the Carmel and Zntrada formations of the San Eafasl group by Baker, Dane, and Reeside
(T. 5. Geol. Survey Prof. Paper 183, pl. 234 and p. 17,.2836). :In eddition to beds formerly
assizned to the San Rafael group, the writers include beds that Be.l:er, Dano. and Reeside
assigned to the Basal pirt 67 tHe Morrtson~formutionm: e e

2 The Glen Cenyon group”l’ne’l.udw d8bertidlly “the _smae rocks -as- tho "LaPlata group® of Gregory.
(See Gregory, B, E., op. cit., pp. 52-59; and Baker, D-.nu, and Reeside, op. cit., figs. 8, 9,
10, and p. 37 and 44.) )

i
| 8]

- S0 2T YL ST

Triaseic rocks 2re exnosed in isolated areas fh.nking the Cu'rizo Hounta.n- and over moat of
the southwest corner of the q.tatrict, but were npt studled during the investigation. The
Chinle formation is delieved to be the only Priaesic formation exnosed. (See Gregory, E. E.,
op. cit., pp. 35-50.)

1]
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The Morrison formation which contains the vanadium ore consists mainly

of sandstone ard shale, It can conveniently' be divided into four distinct
PIO' va-“"dﬁ“”"'-

units, each ebout 200 feet thick. (See tablep @?@Zore is restricted to a
zone abctt 70 fect thick in the lover pert of the basal wnit, which consists
of lenticuler gray and brown sandstones 5 to 30 feet thick interbedded with
grey, green, and red shales, 1 to 10 feet thick.(See fig. 2 ) Cley

T — — . S " —— ——  —_—— - T - - o — - - —— o - -

_J Pigure 2. Columnar sections through vanadium-bearing beds.

- s o G T . Y G > - T " - ———— G —— o - —— . = - - - —— - —— . W o e o - a———

nodules, petrified logs, carbonaceous seams and imrressions of reed-like
prlante are locally ebundant in the sandstones. The esandstone lenses of the
lower unit are comreratively resistent beds which weether to low cliffs,
seperated by narrow shsle benches, . the whole cropping out as an irreguler
slope (see pl. 6, C _/) above the San P.a.fael‘%'bede. The unit de—eomperative.

iy—meaiatewt—and underlies extensive flats a.nd caps wicde benches a2nd meses in

_J Plete 6, C. Mertin mine, Sah Tsh canyop.- . s

s s e o e s e e = e ot o e S B e e St e e e A e e “—-—w—f—i-‘p'{»-_v'-— -
i

the district (pl. 5, A _/ end pl. s, A__ [/ =nds6, B /.

- - - - - - - — - o

ST S e —————

_J Plate 5, A. View looking south aawgzeast ~sme of ‘Carrizo Mountains.

-/ Plate 6, A. Panoramic view 1ooking nnrthwesterll from the northwest

rg1vEsa

flerk of the Carrizo Mountains. IR

_/ Piate 6, 'ZB Tml’qal exposure of doﬁeh:l&'o;fimn esnd. San Rafsel beds

- o -
el '8‘.—;'1 r;.a.: .n'_' T ,..,.-

west of Carrizo’ Hoﬁntams. hgs G5 .ie i vess “‘-‘ .j_‘,‘ )
R e v T L Iu' S w
——— - msemeraTaeT I~ =3 TAIT TSI - -
Underlying the ﬁo‘rrison ?‘a;da:;ocally«ammnfomahle with it is & series
of white and brown, thick—bedded seéndstones and red” thin-bedded mudstones
: R 8 18t g e oA

he s

assigned to the San P.afael gro‘up;’"‘ Th.ese bedé "are 1ocally much crinkled and
are generally excosed in conspicuous cliffs protected by sandstones of the

ore-bearing zone. (See pl. 6, B.) Messive sandstones of the Glen Cenyon
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group end shnies of Triassic age underlie the San Rafael beds, and they
cover wide areas in the south and west parts of the district.

The Dekote (?) sendstone of Creteceous ege overlies the Morrison
formatiog//and caps a few small mesas and buttes in the northern and eastern

parts of the area,



Ore deposits

The ore 1s mostly sendstone impregnated with vanadium- end urenium-
bearing minerals. As mined, it averages about 2 percent Vp0g. The ore
bodies are irregular tabular masses that contein from a few tons to sabout
one thousand tons of ore. They are sporadically distributed in & strati-
graphic zone 50 to 70 feet thick, which occurs near the base of the Morrisom
formation.

¥ost of the ore is sands£one that conteins e fine-grained, clay-like
vanadium-bearing material which fills pore space between sand grains. This
material imperts to the ore a gray or greenish-gréy color, and the intensity

of the color can be used as & rough measure of the venadium content. Shale

&nd ciay petbles in the mineralized sandstone are particularly rich in vans-
dium,.and'fossil plents in end adjacent to ore bodies ere in pnlaces richly
mineralized. The p;i#crpal ore mineral is thought to be a vanadium-bearing
member of the hydrous mica grout of clay minerels, but its precise chemical
composition is uncertain. Carzotite (approximately KZO.ZUOS.YZOSZHgo) end
tyuyemunite (approximately CaO.ZUDS.VZOSAHgo) sre yellow minerals that

are widely disseminated in the ore and, in places, they form small high
grade bodies. Venoxite, a black hydrous vanadium oxide (27204.Y205.8320);
corvusite, a purplish blue-bleck hydrous vanadium oxide (V204.6V2051320):
hewettite and metahewettite, red, hydrous celcium vensdestes of the same
composition (Ca0.87205.9320), are locelly present but are rarely lmportant
ore minerals. For a more detailed description of these minersls and their
occurrence the rezder is referred to the recent report by Figcber /.

Gengue minerels are

B e e e - — o — —— ——— - ———— Y — - ————— ————— - —— — —— " T > - - —— T ————

1 ~Tischer, R. P., Vendium deposits of Colorzdo and Tteh: U. S. Gecl.

Survey Bull, 936-P, pp. 376-379, 1942,
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(
chiefly cuartz and chert that occur as sandé graine; some 2enosits contain

interlociting crystals of calcits/ that enclose sand grains and ore miner:ls.
Cre contelining more then 2 or 2 percent calcium caérbonate ie undesirable
for milling.

As mined, the ore ranges in grade from 1 to 5 percent V205, averaging
2bout 2 percent vzos end from 0.1 to sbout 1l.C percent T. 08' averaging about
0.3 percent USOB Smell pode of high-grade ore may contein as much ae 10
percent V505 and 4 percent U Os,and they vere formerly mined principslly
for the conteined urenium and radium, out now are mostly mined along with
the associated lover grede vanedium ore.

The:ore'bodiés afa irregularly tabuler masses that renge from a few

inches fé é)féée in thickness end a few feet to as much as 300 feet aérose;

“- -

7

They 1lie nearly parallel to the enclosing sandstone beds but generally do
a0t follow thc*pe@sﬁin dgtail. Locally ore layers curve ecross the bedding
plenes fq higher:orilowe: ;trapigraphic vositions within individual sand-
stone,;g#gésé.}(§g§Lg}§§.,35 4, apd 5) The thicker and more easily mined
ore bodieq;agéggenggglly situated along theee curved portlons of the ore
layers. . .Along-thecmergins &f most ore vodies the.contact between barren
sandctone” and "ore-is sharp-and :markéd by'z thin seam of rich ore to which
the rock breaks 1A &ining? but somé®df the ore bodies have indefinite
mergins, and’tﬁeiﬁfgﬁiecﬁiei}feéﬂe§"%ﬁfdﬁghjé zone severel inches thick.
Some of the of;db;dies that 1ack shafp boundaries consist of thin alter-
nating leyers of rich ore ond barren rock which follow bedding planes.

On the north and we;;*siées:of the Carrizo Mountains the vanadium
dezosits are in a stratigraphic zone about 60 feet thicg//that lies 10 to
70 feet cbove the bese of the Morrison end 120 to 180 feet below the top

of the lower sendstone unit,(See fig. 2). Extensive flats, bencheg and

mests in é]of the district (Fee l. 6, A end B)
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are capped by sandstones of this unit, and the ore~bearing beds are a few
feet to as much as 150 feet beneath these surfaces. .

On the east side of the Carrizo Mountsins the ore-bearing zage is
about 70 feet thick. Ites lower limit is about 50 feet above the base of
the ﬁorrison formation,and its upper limit is about 110 feet below the top
of the lower sandstone unit. (See fig. 2.) Several extensive benches and
flats (see pl. 1 and pl. 5, A) are cut on beds near the top of the ore-
bearing zone.

Most of the known ore bodies were found at the outecrop of the ore-
bearing zone, but others have been found by subsurface prospecting. In
places they are closely spaced along the outc;9pkgqg_e}sq¥here the outcrop
for long distances 1s barren or shows onlz a f;w pgqttqrgd bodies. The

surface and underground distribution of these known bodiea 1ndioate that most

. I N &4
of them occur clustered in poorly defined areas. On the basis of present
it o3 el n}'V' PeaoN i

knowledge these areas appear to be roughly circular or aomewhat elongate in

outline. They range from a few hundred feet to miles 1n length. The

distribution and approximate extent of these more strongly mineralized areas
are shown in plate l'c:(arqgf_fgvorable for suBSurTKce proéﬁecting) Within
them, perhaps 5 to 20 pérceﬂtﬂ8ffthé’ground iéiﬁﬁ&e?iaiﬁﬂby‘vnnadium—bearing
sandstone. Plates 2 and '3 show'the:distributioniof the khown minerelized
grouhd in two of these areassy Similar areas:-ns doubgsocgur in places through-~
out the distriot where t@efo;efbe&ring;Eoneﬁg§xgevgyeqidbnt no satisfactory
geologic guide has been gsfgy;égbeg\fo gid, }nlf}nging fhem. Between
mineralized areg?:pegp%gflgoAmgfe'?bgg{l ?egceyﬁlgg the ground is underlain
by ore.
SR aws dnf-
Within the distrlct,the deposita are confined to sandstones in the lower
Tnoze LN e

120 feet of the Morrison fonnmtion end in parts of the distriot they are

¢
further restrioted to certain s&ndstone beds in this interval.

‘l’ ~ -

In additioen,
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many of the deposits are clustered in poorly defined areas. Hecognition of
these geologic factors aidSin prospecting even though no satisfactory ex-
planation cen be offered to explein either the restriction of the deposits
stratigraphicelly or the location of the deposits within the ore-bearing
beds. As the ore bodies do not oonform to the bedding in detail, the ore
minerals in their present Form had to be deposited from solutions after the
sandstones were déP°Sited. The deposits, however, show no genetic relation-

ship to either structural features, such as joints, faults, or igneous

intrusions, or present topography. It is thought, therefore, that the

P

vanedium end uranium were deposited from ground water solutions that
perculated through the lower part of the formation, perhaps before consoli-
dation of the-“sandy beéds. ‘Geoiogic conditions that controlled the movement
and variation insevmposition”of these ground waters probably played a part .
in the looaliz&tion oﬂfthe.ore'bodies, but these conditions are not Qlearly
understood. Feor &qmota.detailedfdiscussion of the problem of localization
and origin of;theggyéqpogitSeﬁhe reader is referred to a recent report by

—/

ischer LI S NS s ou
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/ Fischer, R. P., Vanqd;ugudep051?s of Colorado and Uteh: U. S. Geol,
R RS E 2d R R S KAV

Survey Bull. 936, pp. 387-389, 1942,
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Ure reservee

For the purposes of this report, reserves are classified as ®indicated® or
"inferred”", and the tonnage estimates of both classes are subject to a wide margin
of error. Owing to the spotty distridution, generally emall size and irreguler
shape of the vanadium ore bodies, the companies do not find it practicable to
block out reserves in advance of mining. Consequently the tonnage of ore that is

sufficiently well developed to be calculated with a small margin of error, and

thus can be classified as "measured reserves", is so emall as to de negligible.

Ore that is projected from natural exposures, mine worl:ings. and drill holes to

the prodable boundaries of individual bodies as deternined ’by geologic interpreta-

tion, is classified as "indicated reserves®. Estimates gt these reserves total

17,000 tons, containing about 2 percent Y205, as shown in the accompanying fa'blo.
Ore in undiscovered bodies is classified as "inferred reserves®, and tonnage
estimates cen be made for the unexplored-parts of the oréesbearing zone oa the
basis of expectancy, as cﬁlc_ula‘.ed from the ratioc of -ths length: of mineralized .
outcrop to the length of dbarren outcrop. These rederves 'a’re‘e‘stinatod. to total

on the order of 12 million tons and to averages between 1 and 2 faeroont V0s5.

gldered avzilable nnder present conditions—-that is. oi'e that probadly would be

found and mined by private enterprin under coniiiioﬁe mh as thoee existing in

PR B N

the latier part of 1942. Estinatea of the available inferred ore in the several

known mineralized areas is shown in the accompanying table.

Estimates of available ore reserves in the known mineralized areas
Carrizo Mountains district

Indicated ore Inferred ore

: 1
Mineralised area . ons) 1 Vo0s . ons T V-0r(%)
B : : : 3
REttleenake mine and vicinity ! 6,700 : =2 : 7,000 : 132
Hogen mine and vicinity i 01,300 :  1e-2 ¢ 16,000 t  1ee2
Eurida mine eand vicinity : 1,200 H - 2 12,000 H -
Syreacuse mine 3 600 ] 2= H 1,500 H 2=
Eastside mines : 5,000 : 2~ $ 25,000 :  1d-
Horee Mesa (undeveloped) H 600 : 2= $: 9,000 1
Other prospects and exposures t 2,000 & 1-3% : 3,50 : 1.3
Total (round figures) 17,000 2 : 70,000 ¢ 2




20

Yost ore bodies have been found by prospecting the outcrop of the ore-bearing
Zone7Which generallvis exposed in several irreguler sandstone ledges separated
by narrow shale benches. Experience has shown that the most efficient prospecting
is accomplished by a party of 2 or 3 men, each traversing a different level of.
the outcrope.

In some areas the ore-bearing zone is poorly exposed in benches or flats
beneath shallow soil cover. In such places the ore-bearing zone may be tested
by ciosely spaced shallow pits which require the removel of only a fey inches of
soil,

About %-of the ore-bearing zome in the district is sti1ll unprospected for
vanadium ore. Continued surface prospecting of the. zone in the unexplored ereas
(see p. 18) could be expected to find additionel deposits of commercial importance.

From the exyerienca of the minlng companies the most effective method of
subsurface exploration is by diemond or pneumatic hemmer drilling from the
surface, but underground drifting is sometimes used in favorable ground where

nin ore seams may lead to ore bodies of workable thickness.,

Jeckhammers ere used to test ground to depths as much as 20 feet below
surface. The diamond drill has been.succesgfully.used in loceting ore at depths
as much a&s 100 feet below surface and in especially favorable areas could be used
economically to test ground as much as 150 feet below suriace.

The Vanadium Corporation of America has prospected extensively in the favorable
areas in the vicinity of the Rattlesnake and Hogen mines, putting down diemond
drill holes to depths ranging from 20 to 100 feet. Several of the holes

encountered ore (see pl. 2). It is estimated that from 5 to 20 percent of
the wildcat drill holes that might be put down in the favoreble areas, shown.

in plate 1, would encounter ore and that holes speced at 100 foot intervals
would encounter, though they would not block out, most of the concealed ore

bodies that are large enough to mine.’
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Outlook

The r ate of ore production was about 1200 tons a month during the last
half of 1942. Indiceted ore reserves, thus, are adequate to maintain this rate
for about one year. The 70,000 tons of available inferred reserves &re adequute
to maintein this rste of production for several more years. Since Indian labor
is abundant in the district, with it production could perhaps be doubled for
a period of about 2 years. To inorease production, however, would require more
intensive subsurface prospecting, thus increasing the costs of ore.

Along the unprospected parts of the outcrop of the ore-bearing zone there
might be available ore comparable in amount to that in the known mineralized
areas. More favorable lease regulations might encoﬁrage prospécting in these

areas undy thus/ result in increased ore prodﬁcfion from the district.
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Mines and prosmnects

Rattlesnake mine and vicinity.—~The Rattlesneke mine, operated by

Vaﬁiium Corporation of America, is on the -east side of Sah Tah Canyon on

the northwest flank of the Carrizo Mountains,” (;ee pl. 1) Vandium ore

wes discovered on the claim in 1919, but the deposits vere not worked

until 1942, when thd present operators obtained a2 lease and started seversl
open cuts and small underground workings. Between May and November, 1942
the mine produced about 2,000 tons of ore, avereging sbout 1.8 percent

V20s5. The knowq ore bodies in the area are generally tabular masses &

Tew 4nches to as much as 3 feet thick, and a8 few feet to as much as 300 feet
long..hmhey are distributed through e stratigravhic zone 10 to 50 feet above
the hasge of'the Morrison formation and lie nearly parallel to the beds,
which dfé 4 to 7adegré;;.hor€hward. (See pl. 2 __/) An extensive area is

_/ Plate 2, Geologi* map and sections of the Rattlesneke mine and vici-

nity no*thwest flank o’ the Carrizo Mountains, Navajo Indian Resgervation,

. ooy yo e
poe e ~

Arizonsa.

mineralized,@s shown by ‘mine workings and drill holes,but the detailed
distribution of ore hodies.or the 1imits of the mineralized area erec not
completely kmawns - T osr 5o

Extensive flats north foﬁgg‘gigg;are underla}n by the ore-bearing zone
at depths varving from 30 to 100 feet telow surface. (See pl. 6, A)

The ore-beari?g zone crops out in canyons ebout one mile southeast of
the Rattlesncke mine. Many small ore bodies are exposed in shallow pros-

pect pits along these cutcrops of the ore-beering zcne. (See pl. 1)



Horan mine end vicinity.--The Hogan mine, opercted by Varadium
Corporztior of America, iswest of Sah Tah canyon northwest of the Carrizo
Mouytains. Mine workings ccnsist of cpen pits glong the canyon rims and
on flats where the ore-bearing zbne crops out. L=zposed ore bodies are
tabular musses, mostly a few inches to 2 or Z feet thick and 15 to 30 feet
1ong)but 2 few are as much as 100 feet long. The denosits and enclosing
beds dip 4 to 7 degrees northward. Durling 1942 the pine vielded & few
hundred tons of ore thot contained ebout 1.8 percent v205? Extensive
gand-covered flats north of.the mine are favorable for esutsurface pros-

pect ing (See »l. 1).

W )

-~ . -

Mortin mine.--The Mertir mine, leased by Wede and Curran Compeny, 1is
located on the west side of Seh Tah canyons (See pl. 1). Mine workings
consist of open cuts and skort adits along the outcrop of the ore-beering

zone, about 60 feet above the floor of ‘the canyon. (See fig. 3 __/ and pl.

6, C) During the period July through October, 1942, the mine produced

_/ Figure 3. Mertin mine, plan &#nd frofile préjected-to lLipe A-B.

ebout 500 tons of ore containing about 2% percent”vzes. Some of the ore

.. e .
contains 2 or 3 percent Caces andxis -difficilt te{igeat at t;;]mill.



Szh Tah claim.--The Sgh Tah claim, lecsed by Wede and Currzn Compeny,

¢ on the west side .of Sah Tah canyvon about 4 mile south of the Martin mine.
Mine workinzs consist of ar open cut about 250 feet long that contours the
canyon wall ebout 30 feet above ites bece. Pive small tabuler ore bodies
aggregating approximately 80 fect in length and avereging sbout 1 foot thick
are exposed aloﬁg the cut. The property had produced a few tons of ore but

was idle in October and Novembef 1942,

Other degosits in Sah Tah canyon.--Other deoosits similar to those at

the Martin zpd Sah Tah claims are exposed on the east side of Seh Tah canyon,
(See pl. 1) Some of these have been prospected and mined by Verdium Cor-

poration of America and have ylelded a total of 100 or 200 tons cf ore,

Eurida mine and vicinity.--The Eurida mine, operated by Wade and Curran

Company, is on the-west slope of tke Cerrizo Mounteins and is absut 60 miles

by roed fron Shiprock, New Mexico, Mine workinge are in a nerrow gully and
corsist of an open-cut and shallow undergroun@ workings. (See fig. 4‘_HL)

-_.,'~..—-l..--.,—_—,-:.:'.,:-‘?:-.‘.——: ot e ——— -

__ ] Pigure 4. ‘Buriég ‘mige, plen and.profile projected to line A-B.
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The mine was.in oﬁef;tion.dﬁiiné‘dciober and November 1942 and produced

about 100 tons of ore containing about 3 nercent V205.

1l YA T

Several dépoéits north

: a éaét of the Ewrida mire are held under

prospect lease by Venadium Qorporation of i&er{éa. Ore bodles ranging
from 1 to 2’feeiiiﬁick-andiisf£31206ffeetjio£g are exrosed alcrg the ore-
hecring zone, whose outcrop partly ouﬁlines mn arez of epproximately %
square mile, which is believed to be well mineralized. Overburden renges

from 10 to 15C feet in thiclmess and 1s mostly 10 to 80 feet thick.

Prespecting and development of the deposits are mlenned by the companym
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Sunnyside cine.—-The Sunnyside mine, leesed by Wede and Curren Company,

is on the southwest side of the Carrizo Mountains (see pl. 1) and is at the

top of a cliff .face about 200 feet ebove the floor of wWhiterock Wash. Mine

Kcl“ b
vworkings consist of a short adit and an open cut,and.espose &n Ore ody
ebout 100 feet long. (See fig. 5 _/)/ The mine was ldle ir October and

- - e
-— - — ——— - -
. G P ——— - - ————— T~ —— - - - - -

_/ Figure 5. Su.nnyside mine, plan and profile projected to line A-E.
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November 1942 but & fow tons of cre estimcted to cditain 2% to -3 percent
Vzosﬁ‘:e‘;?stocmiled. The ore-bearing zone adjecent to the deposit ie
mostly inaccessible but the parts of the zone that wére‘exa.mined are barren.
Several deposits are renorted in the rugsed tountry 1 to 5 miles south of

the Sunnyside.

Syrecuse mine ené nearty orosvecis.-iThe Syrecuse wmine, operzted dy

Wede and Curran Compeny, is on the-eust side of “the LTarr{zo Mountain (see
pl. 1) £pé is ebout 43 miles by roedFrom Shifrock, Nev Mexico. Mine
vorkinge conslst of open cuts znd several short -edits. - (See pl. 4 ___/

and 1. 5, B _ /) The mire produced a'bout 7?5 tons. of ore. corntaining

T e e e mmaan o s

2.89 percent V05 from July through October 1942. Six ore bodies are

~ ks we PO
v UTLTETEGS R

_J Plzte 4., Map of Svrcx"uce mine, east eide of Ca.rrizo Mountains. Navejo

T . Ao e PRI

Indiaen Reserve.ticn-. Arizona.
T o LISl e "‘x"

_/ Plate 5, 3. Syracuse mine, east side cf Carrizo Mou.ntain
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exrosed at the surface and in mine workings. Thece range from 20 to 150
feet in length and generally avorage sbout 1 foct thicis, but ore zs much

as 4 feet thick has been mired. Some of the cre contcins as mpuch as 10

percent CaCly gng 15 difficult to &reat at the] mill. Southeest c¢f the
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Syrecuse mine severel deposits are exrosed but are too skz2ll to encourage
prospecting. A few snell ore bodles are exposed along the outcrop of the
ore~bearing zone northeest of the Syracuse mine. Venadium Corioration o£
Americe worked some of these but the deposits were too smell to mine. eccno-
mically. Farther north in the vicinity of Beclabito dome a few pods of

ore are exrosed in the ore-heoring zone, but these are emell and widely

senereted.

Fastside nggﬁ_gng_zininijzg-—The.Eastside mines (see pl. 1) are
ebout 328 miles from Shiprock, New Mexico, and are operated by Vaﬁhium

Corporation of America. Mining from open pits and shallow undersréugd
workings began iﬁ‘August’lQéEandi%ovembcr the deposits had produced about
1,800 tons of ore contéining an averzge of about 2.3 percent V- 05- The
derosits are in beds 60 to 120 feet above the base of the Morrison forma~
tion ard are scattered along the rim 2néd margins of a bench which is about

one mile long and 3 mile wide. (See pl. 3 __/) The ore bodies are

————— - ——— ——— —— - o S g a—

/ Plzte 3. Geologic map and section, Easteide mines, Carrizo Mounteins

district, Navzjc Indian Reservetion, New Mexico.

irregularly tebular masses that vary from & few inches to € feet in thick-
ness and about 40 to 200 feet in length. Most of the ore consists of the
principel vendium-bearing minerel dissemineted ir sandstcne, tut replaced
logs in some of the deposits contain high-grade ore, consisting of carno-
tite, tyuyamunite, hewettite, metehevwettite, end other rarer minerals.
Small pods mey yield 10 to 20 tons of this type of ore, containing as much

#s 10 vercent vzos and % or 4 percent Uéoa.
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Along the western edse of the mineralized erea the principal ore-bear-
ing beds crop out in a bench and ere about 70 feet above the base of the
Morrison formetion. The stratigraphic .one which contains the ore is 10
tc 125 feet below surface in the central and ecastern parts of the area and
is favorable for subsurface prospecting.

Northweet of the Eastside mines several small ore bodies are exéosed
along the rim of Oak Creek canyon. (See »l. 1) These demceits are held
under temporafy lease by Venadium Corhoration of America, which plans

early prospecting and development of adjoining ground.

Horge Mesa.~-Several umprospected vefdium denoeits are ex-osed at
the rim on hoth sides of Horse Mesa (see pl. 1) about one mile south of
Eastside mines. Other one bodles are.bq};e!gqvto,liekaovto 50 feet below

surface in ground favorable for prospecting between the kmown deposits.
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PLATE 5

Chuska Mountains

A, VIEW LOOKING SOUTH ALONG EAST SIDE OF CARRIZO MOUNTAINS,.

Shows San Rafael beds (Jsr), lower sandstone unit of the Morrison formation (Jms), outeorop
of ore-bearing zone (dashed line where visible, dotted line where concealed from view),
and venadium mines and prospects (X). E, Eastside mines; H, Horse Mesa,

A % A
WS o X
v sl "-&" ‘m"g »

B SYRACUSE MINE, EAST SIDE OF CARRIZO MOUNTAINS C. OPEN PIT MINING, EASTSIDE MINES

Mine entries ebout half way up the hillside enter the ore-bearing Derk X F of pit is ore
zone (v)e The lower sandstone unit of the Morrison formation (Jms) re:dyr§gr ::1;:::t 74 :111. .
is separated from the underlying San Rafael beds (Jsr) by a thin=-
bedded shale and sandstone unit (Jmsh). (See also ple. 4.)

Neat ore piles in background are
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A. PANORAMIC VIEW LOOKING NORTHWESTERLY FROM THE NORTHWEST FLANK OF THE CARRIZO MOUNTAINS,.
Shows extensive flats (F) underlain by the ore-bearing zone of the Morrison formation, workings of
the Rattlesnake mine (X) and location of the Hogan mine (H)e, Jms, lower sandstone unit of the
Morrison formation; Jsr, San Rafasl beds,

B. TYPICAL EXPOSURE OF LOWER MORRISON AND SAN RAFAEL BEDS WEST OF
CARRIZO MOUNTAINS,

C. MARTIN MINE, SAH TAH CANYON

Butte 1% miles southeast of Emmanuel Mission. The distinctive bedding : i i e doesl it s
and weathering of the San Rafael sediments (Jsr) aid in locating the Arrows indicate open cut mine workings o4

t()ro-t)naring gone in the lower sandstone unit of the Morrison formation gﬁd:he Morrison formatione Jms, Morrison sandstone; Jsr, San Rafael
Jms ). )
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