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Conper Deposits of the 7hite hesa Lining District,
Coconino County, arizons.

Surmary. The white iiesa Copper iining Distriect is an area of
epproximately 10.5 square miles near tae western margin of ths Kgibito
Flateau in unsurveyed T 37 i, Rs 9 and 1C Z, Coconino County, arizonz.

It is 112 miles northeast of Flagstaff, arizona, the neesrest rail heagd,
from which it is accessible by paved and secondary road, =nd is at an
elevat ion of zbout 6400 fret. Inadequate‘water sapply and isolation from
supply centers and srelters are fectors which have inhibited development
and which may %e expected to handicap mining operations in the district.

Sporedic attémpts to develop the reserves of the district have been
unsuccessful, and production has been minor. - it present, three campanies
are Interszsted in development, and ars ergaged in, or have recently attempted,
prospecting,

The c;pper deposits oceur in the upper portion of the nearly horizontal,
highly erossbedded, gray Navajo aandstone_(Jurasaic ?). GCccasional lerge
tabular bodies and pumercus srall pods of copper ore occur tarouzh en interval
of at least 150 feet in the upper part of the forration. The deposits are
dissexinations of malachite, copper silicates, and minor quantities of copper
pltch and sulfides in_san?stone, the copper minerals serving as cementing znd
grain-costing materials. Grade varies up to 15/ copper but it is doubtful
12 many of the deposits will maverage much ..igher than le. The larger bedies,
some of which contain several hundreds of thousands of tons, may be expected
to aversze less than l1i. The deposits show a well-defined fissure control,
Origin may heve been telathermal or meiesoric, but there is mo decisive

evidence beering on this point.



The mineralization is too sporadic to permit accurate estimation
of ore reserves in the absence of extensive underground exploraticn
or mining operstions. Tﬁe following preliminary figures are therefore
only indicative of the general magnitude of the deposits. Approximately
2,250,000 tons of ore averaging about 1% Cu are indi;ated in ore bodies
that are expoced or penetrated by drill holes. Only a few thousand
: tons of this total can be classed as "measured ore™ on the basis of
available data, but 615,000 tons are reasonably assured. The remaining
1,650,000 tens probably exist in extensions, indicated by geologic evi-
dence, of the known ore bodies. In addition, 14,000,000 tons is the
inferred 6rder of magnitude of an aggregzte tonnage of mineralized sand-
stone that may exist in "blind" ore bbdies concealed in undissected
uplands.

Consideration of the average grade and size of the known deposits
suggests that large-scale development of these reserves under present
conditions will be a2 marginal enterprise, even under favorable operating
conditions. The additional problems imposed by inadequate transportation
facilities and water supply enforce a pessimistic outlook. The rela-
tively large inferred reserve of concealed ore cannot be regarded as a
mitigating factor because it is problematical whether concealed ore

bodies can be discovered and developed at reasonable costs,
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It is recommended that further attemnts to prospect or to develop
the copper reserves of the district be prefaced by a careful znelysis
of mining and concentrating costs based on minimum tonnage estimates.
Only in the event that such a survey indicates economic feasibility,

should additionel s:ieprs in development be undertaken.

Introduction

The sandstone copper deposits here described are near the north-

- western margin of the Kaibito Plateau in the western Navajo Reservation,
Coconino County, Arizona., The area, known as the Yhite Yesa Mining
District, is in unsurveyed T. 37 N., Rs. 9 and 10 E. It consists of 9
patented and 28 unpatented’élaims, two mining and prospecting leases, an
akandoned millsite lease, and a campsite lease. Cporadic attempts to
mine the small deposits of high grade cre in the district have been
futile. Recently, comprehensive prospecting rrograms by three companies
havé been initiated in a determined effort to ascertain the feasibility
of developing, on a large scale, the low-grade copper reserves in the
disirict.

The area of approximastely 10.5 square miles which encompasses the
claims and leases is about 112 miles northeast of Flagstaff, Arizona,
from which it is accessible by U. S. Highwaey 89 to Gap Trading Post, ard
from there by dirt road twenty-six miles to the Copper lUine Trading Post

in the northwestern portion of the district. The mean altitude is about

In the southwestern part of the area some maps show two addi-
tional claims, the corners of which were not found in the field.
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6,400 feet, and the local relief is approximately 420 feet. Annual
precipitatior is less than 10 inches, and surface and pround water
are scarce in and adjacent to the district. This deficiency of weter,
isolation from supply centers, and lack of adeéuate transportation
routes are important factors which have inhibited development of re-
serves in the district.

Only one report bearing on the geology of the White Mesa Mining
District hasAbeen published, a brief and general account by J. M. Hilk
However, a number of confidential reports have been prepared by geolo-
gists and engineers employed by companies interested in the area, and
several of these have been examined during the course of the recent Geo-
logical Survey investigations. Company prospecting data have likewise
been consulted freely, and grateful acknowledgment of the courteaies‘of
the Shattuck-Denn, Coronado, and lerdun orgenizations in making these
cvailable, is here expressed.

Field work by the Geological Survey was begun late in March and was
completed early in July, 1943. The investigation was part of a program
designed to determine the status of marginal coprper deposits and was
undertaken by the Geclogical Survey at the request of the War Production
Board., C. B. Read was in charge of the White Mesa project, and was
essisted by H. H. Sullwold during the entire period of studv. R. D.
Sample joined the party on May 23, and aided in the lat;r stages of the

work.

_/ Hill, J. M. Copper deposits of the White Mesa district,
Arizona; U. S. Geol. Survey. Bull. 540, pp. 159-=163, 1914.
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Developrent and Production

Mining operations in tbe White Mesa Uistrict were first attempted ‘by
Mormon settlers who, in the latter part of tae past century, located thé"*
rining claizs arnd opened many of the known copper tcdies, an unkmown,
but relatively small tonnage of high-grade cre was recovered during tais
eerly period of disccvery snd initial development.

In 1917 operations on tne Little Dick and Copper Torld claims were
atterpted by tke Navajo Copper Campeny. Two open cuts were develop=d, and
280,000 pounds of copper, as well es a small quantity of silver, are reported
to have been recovered, 'Tlhe operations were not profitable, and wers
"discontinued in 1912, -

The Co;:onlno Copper and Chemical Compaﬁy began operations in the
weatern part of the district in 19%9 end suspended them in 1940, Their
activities were mainly on the Copper 'ﬁorld and Dutchman Claims. Canplete
recorcs of production are not available., Kowever, in 1940 they treated
4,584 tons of 3.13% ore from which 797,873 pounds of copper sulfate were
produced and shipped.

The hardun Cowpeny, which was foroued in 1941, milled 3C00-3500 tons of
ore which yielded about 150 tons of concentrates estimated to corntain fram
15 to 20 percent copper. This ccmpeny operested on a mining lease obdtal ned
fram the Navajo Indian Service, In 1943 an option on the Xardun leases was
acquired by the Coronado Copper and <imc E:cmpany. “n intensive prospecting
program begun by the kardun organization has been continued in an effort to
locate large low-grade ore bodies on tue property. It is reported that tle
kerdun Compeny drilled 17,000 feet of test holes with en average depth of

24 feet or less, Records of a numbter of these have been examined, btut others

are lost, Known locaticns are sjown on the map, Plate II b,
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The recent activities of the Coronado ch:.pahy suggest that the essay
logs of these tests show unduly high copper camtent. In order to avoid
confusion the data are therefore witheld until the matter is clarified by
shaft-sinking and drilling cow in progress. 4t present the erngzineers
of the organization are pessimistic regzrding the poss)ibility of dlscovering
large orebodies on the lease. '

In 1926 the Shattuck-Denn Mining Corporation acquired tax ‘t;itles on
éhe nine patented claims in the White Mesa District. More recent]_.-ywthey
obtained options on the unpatented claims and in 1942 undertook a drilling
and prospecting program in 013 Fort Hill are, About 4700 feet of core holes

were drilled and assayed. Locations of these holes and summaries of

mineralized sandstons encountered ere shown on tLe map, Plate II,

&eology
kost of the Kaibito Platsau, in the area studied, is sxrfaced ty

nearly Lorizontal, highly crossbedded, gray Navajo sandstane of Jurassic(?)
age. About 1525 feet of clastic sediments assigned to this unit were measured
in an incauplete section at Echo Cliffs immediately west of the district where
the avajo is underlain by Trigssic clastic sediments and Permian limestone,
To tne east, red clastic sediments assigned to the Camnel formation rest on
the Navajo.

The msjor structural feature of the festern Kaibito Plateau is Echo
Cliffs monocline which trends north-northwest to north along the x-nargin t;t
the table land. The steep dips on this flexure flatten gradually eaatward.
into ths plateau, but the regional dip continues east to southeast. Oblique
normal faults locally complicate the Echo Cliffs monocline and extend north-

eastward into the plateau, where they are difficult to trace because of the
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homozencus nature of th2 havejo sandstone which fcrus Soth walls at the
surface,

Geolecgle femtures of the white Mssa Jlstrict.- The white lLesa ining

Distriet occupies an area somes 10 miles east of the Icho Sliffs monocline.
Neerly borizontal Nuva jo sandstone, overluin by a veneer of dune sand, is the
surface rock throuwhout the 4is trict. apvroximately 420 feet of the unit,
constituting the upper pon;ion of the fo%mation, are exposed in the area.
The fracture pattern of tue white kesa Uistrict is shoan in Plates I
and II. Fault fissures trend north-nérthwest and east-southeast in the
western part of the distriet, iost of these chow a slip cown to the west
or northwest. Sheeted zones traverséd by parallel to subparallel fesults
end joints ars marginél to the major fissures, . set of master jolnts,
trending northeust, intersects these fractures, forming a camplex system.
In the central and easterr portion of the district northeast-trending master
Joints ccnstitute the dminant fissures, Reefs of silicified breccie and
gouge characterize the faults, Veinlets of cuslcedony anéd, more rarely,
calcite occur in the fault zones and walls, The mujor joints also commonly

show axtensive silicificatiou.

Xineral Deposits.
The copper deposits cf the white lLesa district vary from lsrge loa-
grade tabular bodies tc smell irregular pods und velns cfaigher grade ore.
Most of tne well-expo:ed bodies are alon- or neer zones c¢f south, southeast,
or northeast-trending joint or fault fissures shich censtitute the dominant
st{uctural contral of cre deposition. The deposits neve a very limited verticsl
xtent and few show thicknesses which =2xceed 50 feet, The majority cvre similerly
limited zorizontally., Grade varies widely but iz predominantly low, zné for

; hela
the district as 4 whcle will not exceed lo, Inferred reserves c@ this los=-crazde



ora are large, but the cost of exploring the deposits will probahly
be high due to the large erea which must be prospected.

Yineralogy.—-Kalachite is the most important copper mineral in the

"‘/ These two

minerals are disseminated through the sandstone in which they

district and is usually associated with "chrysbcolla.

partially fill pore spaces, form coatings on grains, and occasionally
occur as veinlets.

Copper pitch occurs in the wall rock of fissures where it fre-
quently forms a halo around disseminations of chalcocite or bornite.

The small quantity cf both oxides and sulfides make their economic con-
sideration negligible.

Gangue, in addition to sand greins comprising the sandstone, is
mainly chalcedony which occurs in anastomosing stringers associated
with the higher grades of ore. Veinlets of calcite are rare. Limonite
is commoﬁly disseminéted in the sandstone as variable but rarelyAex—
tensive halos around the copper bodies,
| Distribution.—Lerge, low-grade copper deposits are mainly restricted
to the northwestern portion of the district in the area between the Ida
M. Smyth and Eastern Star faults. The most notable of these are the
Little Dick and its possible Grand Pacific extension, the Copper World,
and the California deposits. Series of closely spaced small bodies

occur on the Dutchman claim, and in the areez of the Coronado lease on

‘ The exact composition of the copper silicates has not been
determined. Clays, which are the common cementing minerals in the
Navajo sandstone, have been combined with soluble copper compounds
forming ccpper carbonate disseminated in clay, silicstes, and cxides,
Cf. Clark, F. V., The data of Geochemistry: U. S. Geol. Survey Bull,
770, pp. 670-£80, 1924,
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and near Cgpper Hill ard Cld Fort Hill. A rasther large, but vary\low
grade, body is exposed on the Queen Claim, and smaller cnes oncur‘én~
the Sunset and Ray Claims. |

Throughout the district there are numerous small copper bhodies.
The distribution of the various errosed derosits and of their indi-
cated or inferred extensions is shown on the map, Flate I.

Form and Charzcter.—The copner deposits are very irregular and

pockety. As indicated above, the larger, low-grade, tabuler deposits
are exemplified by the Little Dick, Crand Pacific, Copper ¥World, and
California Sédies where weak minerzlizaticn occurs in }arge areas of
sandstone. Drill-hole records show that these may exceed 80 feet in
thickness. Such bodies are traversed by numerous joint fissures, the
wells of which frequently show strorger mineralization than does the
intervening sandstone. The small, higher grade bodie= often occur as
disseminztions in the walls of fissureés, and are usually vein or pod-
like in character. Few have been cbserved to extend as continuous de-
posits for a greater horizontal disténce then 50 feet. It ie probable
that their maximum vertical dimensions are approximately the same as
trhose of the tabular bodies,

Centrol.—The majoritf of copper deposits examined are associated with
Joints, but relatively few are adjacent to fault fissures, In the
western part of the district fissuring is domirantly south-southeast
although locally it trends nearly east. Farther east most of the
fissures associated with coprper deposits are northeast-trending. Copper
mineralization is commonly, althcugh not invariably, strongest in the

walls of the joint fissures but continuves, with decreasing intensity,
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for a veriable distance away from the apparent feeders. Joints which
ere strongly silicified appear to have constituted rertial barriers
to coppef-bearing gsolutions and to have czused the waters to spread
widely along bedding planes.

The 'thite Yesa copper deposits are epigenetie¢ and are products
of preciritation from dilute copper-bearing solutions which entered
the Nevajo sandstcne along fissures and cpread along permeable laminae
awey from these fractures, It is not clear, however, whether the
solutions were meteoric or telethermal.

There has been some modification of the orieginal form and compo-
sition of the copper deposits. Downward-moving surface waters have
undoubtedly resulted in the oxidation of the copper sulfides which
were probably important primary minerals in the deposits. Such waters
have also caused rather wide dissemination of originally more restricted
deposits as a result of leaching and reprecipitation. "Sweating" of the
sandstone has apperently resulted in concentration of soluble copper

minerals near the present topographic surfaces.

The status of mining development in the White Mesa Mining District
does not permit hishly accurate estimates of copper reserves. The
ensuing discussion ies an attempt to indicate the general magnitude of
these reserves and their approximate range in grade ag determined in
the course of surface mapping. Drilling and assay data are available
cnly in the western.part of the district and have been freely used to

supplement outcrop data.



-11-

In terms of the clessification of ore reserves recently adopted
Jointly by the Geological Survey and Bureau of Hines,-/ reserves of
ore in the known ore bodies of the White Mesa district are herein

classed as indicated ore, and possible.reserves that may exist in con-

cealed ore bodies are classed as inferred ore. A significant portion

of the indicated ore, in parts of ore bodies bounded by very moderate
extensions from observed faces of ore in open cuts, shallow shafts, or
short adits, is reasonably assured. The remainder of ore in this class,
aithough regarded with less assurance, is believed to exist in farther
ext;nsions of the ore bodies. Outlines of these blocks (Plates I and II)
are based on geologic evidence with little or no prospecting control.
If further refinements in classification were justified a small fraction
of the indicated ore might be regarded as measured, and a similarly

emall fraction around the fringes of the assumed outlines might be

regerded as inferred ore., In this report, however, inferred ore in-

¢
cludes only those possible reserves which may be present, although not

exposed, in undissected mesas and buttes. Estimates of this class of
reserves have been calculated by spplying the ratio of volumes of
sediments to voiumes of ore as measured in adjacent outcrops. They are
noti in any sense, accurate estimates, but they do provide a reasonable
indication cf the general order of magnitude of completely hidder (and

still urndiscovered) reserves.

o/ Eng. & Win. Jour., vol. 144, No. 6, p. Sk, June 1943.
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TABULATION CF CRE RESERVES

JHITZ LsSa MINING DISTRICT

Indicated Cre

Rearcnably assured In probable Totals

extensions
<

Grading 1 to 4%

(in scattered

small bodies). 80,000 180,000 260,000 tons
Grading 0.3 to

1% Cu (in a few

large and many . s

small bodies). 53£,000 1,465,000 2,000,000 tons

615,000 1,645,000 2,260,000 tons

Inferred Ore

In concealed

orebodies
In area west of Eastern Star fault 7,250,000
In area east of Eastern Star fault 6,750,000

14,000,000 14,000,000 tons

TCTAL INDICATED AND INFERRED RESERVESecscoscsssose 16,245C,000 tons



FJaristlons in jrede wre Dxrtaer illustreted in .. Collosing tubtla
£ typicul averu e ussays Urom veriows rarts o o oaistricet:
uegeriostion ogemples QZe alle JZe.agle 2 Cu demnur4s
wittle wvick cluirx
In and along wuils
cf coren cut 16 .001 e 32 23
40' o snd . Of e
end open cut 2 + 001 .18 1.15 2% churnel sumples
South central zart
of claim S 15 .70 1,120 Cu
west central part .
Of'cl&lm l ol‘; 059
IGi corrner of claim 3 «20 1.05
srand Facific claim
West central part af
claim & «23 1.02 12 cicnnel sarples
Central part 3 18 «32 .8246 Cu
South central part 3 «21 o44
California claim 13 chaznel sanmples
Central pert of cleim 8 .14 .98 8%
West part 10 13 69
ilannie & claim
North end 6 .18 54
Copper world claim : : : 16 samples-cnannel
North part open cut 10 #0011 044 69 «?1,0 Cu
South part 6 .001 «26 74
Ida L.Symth clain
iAW corner claim 4 .OCL .22 oS
SE corner 1 .001 .14 1.57
& corner 1 .00 «16 1.02
E11 claim
North central part of
claim 4 .00l 32 .80
Gopher claim

S§ Central part of
claim 1 0001 « 20 1.3
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The ares west of the Zastern Ster fault contains most of the larger cre
bodies and ic belisved to offer the best cnances for mining developrent. kost
of the large, lom-griéde copper deposits occur in this mart of the distriet
where they lie north of tke Ide L. Smyth feault, The Little Dick-Grand Pecific,
California, and Copper Jcrld bodies together account for 223,000 tons of measurabl
or indicated and 1,130,000 T of inferred low grade cre in the estimates given.
'l'hg Ccpper dill area on the Lerdun lease affords some promise as does the
Outchman Claim., It is co:sidered possible that sbout 10% of the uplands in
this part of the district zre minerelized to an svera.e denth of 50 feet
siving 7,250,000 tons of implied ore which probably caznot te found economically.
humerocus scall pods of khigh-grade core occur 1n the eastern part of the
district. There are a few large bodies, however., approximately 1% of the
uplands east of the Zastern Star fault are believed to be mineralized through

an ozserved interval c¢cf 150 feet, The resﬁltant 6,750,000 tons of implied cre

will be costly to find and prctably cannot be recovered economically.

Qutlook

Pessibilities for large copper-mining operations in the §hi te Mesa
wining District are not high in the immediate future. The summation of .
reserves indicates a large protable and possible tonnage of ore which, at
first glance, might be cansidered attractive to mining coupanies, The grade,
ocwever, is low and will average less than one percent copper. There is little
to suzggest that numerous large deposits of this low-grade materi‘él will b»
found and abundant reeson to believe that mcst of the bodies will contain not
more than a few thousards of tons. Deposits such as the Little Dick, Copper
%orld, and California are clearly in the minorkty,

Zxploration for reserves in the area will be costly because of the large

arees which must bYe drilled on close centers in order to block out known cre
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bodies or to find irferred cnes. Open-pit mining operst ions will require

the rec.oval of large tonnages of barren or very low-grade sandstone. in order
to searth out and recover ore pods which may characterize the szp;)osed large
tabular deposits. Furthermore such operations can not long be restricted to
a narrowly circumscribed nortion of the district., Costa of constructing
roads, trucking ore to mills, and moving mining machinery from one location
to another will therafore be conslderstle.

The wWhite Kesa kining District is 112 miles frox;x the rail head at
Flugstaff, arizona, ard approximately 175 miles from the nearest smelter
at Clsrkdale, irizona., Beneficistion will be necessary to obtain, inm
significant tonnages, a product which can be profitably shipped. The White Mesa
ors will leach well but the present water supply of the district is inadequate
for such an operation, and conditions are unfavorable for any large increase by
gdditional drilling. although it would be physically possible to obtain su face
water from Colorado River at Lee's Ferry or fram Kavajo Creek, about twenty
miles rorth or northeast of the district and et far lower elevation, costs of
installing and maintaining a pumping system would probtably be prohibitive,

A drf rilling process which is reported to yield a 20 percept concentretg“
#ith a rather high efficiency hss teen developed by *the Mardun Campany, &s the
process 1s still in the experimental sta.ea, however, tnere are no data on
costs ancd recovery in lerge milling operations. It is posaible that this
process may offer = solution to concertrating problems in the distriet,

ToItis su gested that any large-scale attempt to develop the wpper reserves
in th: district be nrefaced by a carsful analysis of . ining and cor entrating

costs based on the mininz of many scattered smzll %odies which will average not
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higher and probably less than one percent copper. Efforts to block
out ore should be initiated only in the event\that such an economic
survey points to the possibility of development based on minimum

rather than maximum tonnage expectations.

C. B. Read

R. D. Sa.mple
H. H. Sullwold, Jr.



