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COPPER PROSPECT 

WHITE MESA MINING DISTRICT 

COCONINO COUNTY ARIZONA 

2000 Cherryviile Road 
Littleton, Colorado 80121 
Phone: 761-0715 

R. L. Sielaff 
September, 1970 
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Mr. Joe Walton, President 
Nuclear Dynamics 
2871 Sky Harber Blvd. 
Phoenix, Arizona 85036 

Dear Mr. Walton: 

March 31, 1971 

This letter will confirm our discussions in your offices 
last week. 

I presented a copper-uranium play in the White Mesa area 
in Coconino County, Arizona. 

The play involves exploration bidding by sealed bid at the 
Navajo sale and drilling, testing the Navajo Shinarump and 
Coconino sands. 

I am not asking for any front money, but am asking a 2% 
royalty on net smelter returns. This is subject to negot
iation and if the deal is acceptable geologically I am sure 
we can work out terms mutually acceptable. 

RLS mw 

2000 Cherryville 
Littleton, Colo. 
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ABSTRACT 

The White Mesa Mining District lies in the Navajo 

Indian R3servation in Coconino County Arizona. Copper ore 

has been mined in the past · consisting of mostly malachite 

and copper silicates with minor sulphides from the Navajo 

sandstone of lower Jurassic age. 

The deposits are thought to be epigenetic entering the 

Navajo through fractures from an unknown source below. 

Approximately 2.25 million tons of ore averaging about 

1% Cu are indicated in ore bodies that are exposed or 

penetrated by drill holes. In addition, 14 million tons is 

inferred by the U.S.G.S. 

Several attempts to mine copper from the Na~ajo sand 

have failed in the past. This report proposes that a major 

deposit of primary sulphides could exist in the Shinarump 

and Coconino sands at depths of 2,500 and 3,220. Along with · 

the copper it is also possible to have accumulations of 

uranium. 

OBJECTIVE OF PROSPECT 

This report proposes that the Shinarump and Coconino 

sandstones could be a host for a high grade large primary 

copper sulphide deposit. It is evident that copper charged 

solutions rose from a deeper source along fault zones and 

fracture systems to deposit copper ores in the Navajo sand-

stone. It is believed that these copper bearing solutions 

first entered porous sandstones in the subsurface depositing 
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sulphide ores filling up most of t e pore space in these 

sands in the area of the fault pat ern in the Mormon Ridges 

an~ the old mining district. When the porosity was filled 

by are, the solutions then rose fu ther finally settling in 

the Navajo. If there is this much copper in the Navajo, 

it is not unreasonable to assume t at a major deposit could 

be expected in the Shinarump and conino which have a 

known affinity for copper througho t the entire area. 

PROPOSED EXPLORATION PROGRAM 

Phase I: Color air photos uld be purchased and 

interpreted to delineate fracture patterns. They 

should also be used to define and blue copper surface 

coloration. Outline "is shown ate I. 

Phase I cost for 9 Townships 4,300.00 

Phase II: This phase covers b·dding on tracts at a 

sale not yet announced by the Nava"o Tribe. It also will 

include oqtaining deals from inact ve companies or individuals 

who have existing leases in areas etermined to be favorable 

by Phase I. 

It is believed that a bid of 10 to $20 per acre on 

2,500 acre tracts would be competi ive with a high bid on 

the tract most favorable from I. 

A proposed plan might be as f llo:ws: 

5 tracts of 2560 acres each at $2.10 $ 26,880.00 
1 tract of 2560 at $10.42/ cre 26,664. "20 
1 tract of 2560 at $20.61/ cre 52,761. 60 

$106,305.80 
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Phase · III 

A drilling program would, of course, depend on the 

amount of acreage acquired. An initial program would be to 

drill in areas of high fracturing and faulting arranged to 

fit the structures · on 1,000 foot centers. 

Cost of air drilling to 3,300 feet to test Coconino 

would be $6.00 to $7.00 per foot ~nd coring $30.00 to $40.00 

per foot. Using averages, costs are as follows: 

Drilling 3,100 feet at $6.50 
Coring 200 feet at $35.00 

$20,150.00 
7,000.00 

$27,150.00 

A minimum 4 well exploratory drilling program would 

cost $108,600.00. Development drilling would depend on 

results of this drilling. 

HISTORY OF AREA 

The copper occurrences in the White Mesa area have been 

known for a long time. The first prospectors were the 

Navajos who were looking for turquoise and had located this 

green blue ore. The first known white men in the area 

were Thomas V. Keams and party in 1882 who recorded 35 

claims. Since then there have been many unsuccessful 

attempts to exploit the shallow deposits. The Navajo Copper 

Company made an unsuccessful attempt in 1917-18 and the 

Coconino Copper and Chemical Company operated from 1939-40. 

In 1941 the Maedun Company was formed to develop a large 

tonnage of low grade ore using a dry concentration process. 

Shattuck-Denn Mining Company conducted an extensive 

drilling and exploration program of the Old Fort Hill area 

in 1942. Coronado Copper and Zinc Company obtained an 

~ 
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option on the hlardun lease in 1943. 

The U.S.G.S. made an extensive survey of the area and 

the report was released to open file on October 28, 1943. 

The White Mesa Mining Compiny has since done work, but nothing 

is known of the results. 

All of the drill~ng done was in the Navajo sands and 

limited to very shallow depths. 

GEOGRAPHY 

The White Mesa District lies in unsurveyed land of 

T37N-R9 and IDE; in Coconino County Arizona in the Navajo 

indian Reservation, at an elevation of 6,000 feet. Local 

relief is about 420 feet. It is 112 miles northeast of 

Flagstaff,the nearest rail point, and about 26 miles ·north 

of the Gap, a small settlement on U.S. Highway 89. A dirt 

road leaves the Gap and goes through the district yoming out 

at Gage. 

Rain~all is under 10 inches and the Navajo sand is 

dry in the immediate area. 

The district lies on the Kaibito Plateau on the Mormon 

Ridges. 

The Echo Cliffs lie 10 miles west. 

STRATIGRAPHY 

The stratigraphy and geologic column are described and 

shown in Oil and Gas investigation map OM 145 (2 sheets), 

enclosed with this report • 

Sedtion C shown on Sheet 2 at Tanners Well is the 

closest to the district, and depths and thicknesses are' 

listed as follows: 
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Navajo Sandstone 
Kayenta 
Wingate 
Chinle 
Shinarrunp 
Moenkop 
Kaibab 
Toroweap 
Coconino 

STRUCTURE 

Top 

o 
1300 
1700 
2000 
2500 
2650 
3050 
3170 " 
3220 

Thickness 

1300 
400 
300 
500 
150 
400 
300 
120 

50 

- The White Mesa mining district lies on the Kaibito 

Plateau in an area of flat to gently dipping Nav~jo sand~ 

stone. The north-south trending Echo Cliffs monocline lies 

10 miles to the west. 

The Preston Mesa anticline, "trending northwest,runs 

through the area of the Indian leases being put'up for sale. 

The Tuba City syncline lies approximately 6 miles west of, 

and generally paralleling, the Preston Mesa Anticline • . The 

old mining activity in the district occurred between the two 

structural features. 

The principal area of interest is in the old mining 

district around the Copper Mine Trading Post and in the 

faulted area in the Mormon Ridges which is all in the same 

general structural province. In this area a number of faults " 

have been mapped trending approximately N20~~ with high angle. 

They vary with some "up" on the east and some on the west 

side. Several faults branch off of these and trend in a 

northeasterly direction. (See Plate I, Sheet I). 

Faults are characterized by reefs of silicified breccia 

and gauge. Chalcedony and rarely calcite are found in the 

fault zones. 



In the old mining district a set of master joints 

trending northeast intersect the northwest trending faults 

to form a complex fracture pattern favorable to mineralization. 

It i$ probabl~ that the same situation exists ~hroughout the 

Mormon Ridge. 

o· COPPER DEPOSITS IN NAVAJO SANDSTONE 

Copper6re is principally malachite with associated 

chrysocolla. These minerals are disseminated through the 

0··· .. 
sandstone, partially filling pore space, form coatings on 

grains, and occasionally occur as veinlets. Chalcocite and 

bornite are present, but in minor amounts. Chalcedony 

occurs in stringers and is associated with the higher grades 

of ore. 

The known ore bodies are mainly around the area of the 

Copper M~ne rrading Post. 

The Little Dick, Grand Pacific, Copper World, and 

California are large, low grade, tabular bodies where weak 

0·'·· ; 
.. ' j 

mineralization occurs in large bodies locally exceeding 80 

feet in thickness. Closely spaced small bodies occur on the 

Dutchman claim, and in the area of the Coronado lease on and 

near Copper Hill and Old Fort Hill. On the Queen claims a 

large, but very low grade, body is exposed and smaller ones 

occur on the Sunset and Roy claims. 

The majority of copper deposits, according to c. B. 

Read (1943), are associated with joints, but relatively few 

( 
a~e adjacent to fault zones. They are epigenetic and are 
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products of precipitation from dilute copper bearing solutions 
\ 

whi6h entered the Navajo sandstone along fissures and spread 

along permeable If!irlinae away from these fractures. 

The original sulphide deposits have undoubtedly been 

modified by downward moving surface waters and probably 

rich concentrations of ore have been oxidized and disseminated 

into widespread low grade deposits. 

ORE GRADES 

Various grades have been reported by different authors. 

Wells (1905) from 18 claims reported copper varying 

from 0.3 to 23.4% and silver from 0 to 8.3 oz. per ton. A 

composite of these assayed a trace of gold, 2.6 oz. silver per 

ton and 2.4% copper. 

In 1940 the Coconino Copper and Chemical milled ore 

running 3.13% copper, however, this ore must have been 

carefully selected. Mitcham (1942) cut 96 samples that 

averaged 0.001 oz. gold, 0.24 oz. silver, and 0.87% copper. 

It is believed that this deposit has been disseminated 

to a wide extent. Primary sulphides in. the Shinarump and 

Coconino along and out from the faults and fracture zones 

could be extremely rich. 

RESERVES IN THE NAVAJO SANDSTONE 

The following reserves are taken from a U.S.G.S. open 

file report of C. B. Read, et aI, (1943). Indicated ore is 

in the known ore bodies and inferred ore is possible reserves 

~~-.~-~-~-'------------=--=--=--=--=--=--=--=-::.-:.~-:.-=--=--:.-:.-:.':.-:.-=--:.'-:=.--~--~-"' -'''-''-''::':::::::::::-~'-' '~' -''-' -'" -"----
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that may exist in concealed or~ ~odies. In the U.S.G.S~ 
. . 

report inferred ore includes only those possible reserves 

which may .be present, altho~gh n~t exposed in undissected 

. mesas and buttes. Estimates of this class of reserves have 

been calculated by applying the ratio of volumes of sediments 

to volumes of ore as measured in 'adjacent outcrops. They 

are not in any sense accurate estimates, but they do provide 

a r~asonable indication of the general order of magnitude of 

completely hidden and still undiscovered reserves. 

TABULATION OF ORE RESERVES 

WHITE MESA MINING DISTRICT 

Indicated Ore 

Reasonably In Probable 
Assured extensions Totals 

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 
small bodies) . 

In area west of 

In area east of 

Inferred 

Eastern 

Eastern 

535,000 1,465,000 2,000,000 tons 

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

Ore 

In concealed 
orebodies 

Star fault 7,250,000 

Star fault 6,750,000 

14,000,000 14,000,000 tons 

TOTAL I~~ICATED AND INFERRED RESERVES. · .•....... 16,260,000 tons 



LAND STATUS 

All of the area involved is on the Navajo reservation. 

The statu~ of the old leases is not known. 

The proposed color air photo survey might indicate what 

blocks would be of interest and an attempt should be made 

o to get these leases. 

It is my understanding that a copper lease sale will be 

held at Window Rock, . Arizona., with sealed bids. 

o It has been approved by the Indians, but has not been 

announced. It is to carry a 5% override on copper and the 

outline of the lands is shown on Plate I. 

If uranium is found associated with the copper, a 

lease can probably be negotiated with the Tribe. They have 

their own royalty schedule which would probably apply, a 

copy of which is included in this report. 

G'·:':; /· -,', .. ,. , 
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Mlt-:ERALS DEPARTMENT 
P.O. BOX 146 

WI NDOW ROCK, ARIZONA 
86515 

PHON E: 602 - 871 - 4171 

September 18, 1970 

~lr. R • L. S i e 1 a f f 
2000 Ch erryv~lle Road 
Littleton, Colorado 80120 

Dear Mr. Sielaff: 

It was most .enjoyable meeting you and having an 
opportunity to talk about copper. 

S6me of the individuals who appear to be involved 
in the claims under litigation are: 

RcLcOlliver & Associates 
757 Lincoln Building 
Spokane3 Washington 

.-Donald J. Ames ~\" 
'f· , · . ' . . ~ .. ,._ .~ .-... 

Box 202 
Fargo R North Dakota 

or 
'Box 1565 
Page, Arizona 

." ........ .... .'~--

...; - -..:. . ' ~ ' 
'\' 'lit ........ .# _ • 

~ __ , .t - . r ' 

Jack W 0 Tai tch " . .> . : .. .. -~ / 
4118 . S. Pittsburg _ , ;c~ 

Spokane, Washington 9920i 

Your question regarding minerals such as uranium 
which might be encountered wh~le seeking copper, for example, 
can be answered. In this situation the lessee can enter into 
negotiations with the Tribe for a lease. This would also 
include royalty and other pertinent matters. As the Tribe 
has their own royalty for uranium obviously it would apply. 

. Rock. 
We hope you can visit with us again in Window 

~st sin~:~lY~ "'1 
. _~MJ. · rrr4vJjf,~ 
err~~r1but 

Minefa1s Supervisor 
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~lI;\ER .';LS D::PART::E;\T 
THE ~A~AJO TRIBE 

BOX 146 .... 

WINDOW ROCK: ARIZONA 
86515 

RECENTLY YOU WERE SENT A COpy OF THE NEW APPROVED 

~AV~~~ UnANIU~ ROYALTY SCHEDULE. TO ASSIST YOU IX DETER~INING 

THE ROYALTY PER TON U~DER THE NAVAJO SCHEDULE: THE fOLLOWING 

DATA ARE PRESENTED; 

ROYALTY PER TON 

ORE GRADE $7.00 U308 $8.00 U3 08 - $9.00 

.15 $0.94 $1.08 $1.23 

.20 1.86 2.16 2.48 

.25 2.52 2.94 3.38 

.30 3.22 3.78 4.36 

.35 3.97 4.67 5.42 . 

.40 4.76 5.62 6.53 

.45 5.59 6.63 . 7.73 

.. 

U308 

! 
I 
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EXJHBIT I1A" 

ROYAL!¥: To payor cause to b3 paid to the Area Director~ Xavajo 
Area, Window Rock, Atizona s for the use and benefit of the Lessor, 
a royalty, calculated on a monthly weighted average on the basis 
of dry short tons of ore mined and deliversd to a treatment plant. 

1. (a) For Franium 

Lessee shall pay to the Lessor a pErcentage r~yalty of the value" 
per dry ton based on royalty rates of 12 percent for ore valued at 
$0.01 per t on and i ncreas ing to 25 perCe!}t f Ol' ore va lu Ed at $100."00 
or more per ton. The royalty rate shall be determired to the 
nearest 0.00 percent in acc6rdance with the following formula: " 

Psrce~tage Royalty Rate = 12% + 0.13% (va}~t:~odr~ton) 

(b) "Yalue per dr"y ton" whE::rev.er :lsedin this 
paragraph is her~by defined as the dollar val~e per dry ton (2,000 
pounds) of cr~de ore, as determined by application to the uranium 
cont.ent of such ore of the follo\dng "Value Sct.edule for l:ranium 
Ores", multiplied by a fractio~1 whose numerator is the weighted 
average price per pour..d for e30S in urani'.lm cor:cerlt.rate received by 
the Lessee, or the seller of L~ssee's concentrate, at the mill 
processing ores derived from the leased lands, d~ring the month 
for which royalty is being computed and whose denominator is $7.25, 
except that if no sales have been made during the month for which 
royalty is being computed, then the ~~merator shall be the weighted 
average price per pound of U30S received by the Lessee or the seller 
of Lessee's con~entrats dLring the preceding six (6) months. 

\' AL-::iE SCHEDLLE FOR URANIUM ORES 

O f 
U30g Assay 

of Ore 
Value per pound of U30S 

Contained in Ore 
I 

0.10 percent or less 
0.11 
0.12 
0.13 
0.14 
0.15 
0.16 
0.17 
0.18 
0.19 
0.20 and more 

$1.50 
1.70 
1.90 
2.10 
2.30 
2.50 
2.70 
2.90 
3.10 

" 3 ".30 
3.50 

plus a grade premium of $O.~5 per pound for each pound of U308 in 
excess of four (4) pounds par ton of ore and an additional premium 
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of $0.25 ~ E r pOu n d for P2ch pou ~ d IG ~xc e 5S of t~n (10~ po~~ds (3 08 
per ton of ore. fr a ctional parts of a pouLd to bs ~alj ed on a pro 
' ata basis .to th~ ~E~re3t cent." 

(c) WteLever ~anadi ~ ~ and otter mi~erals associated 
with uraniDm are recov e red aDd sold by le~s e e, La ssee shall pay to 
Lessor a royalty of t e n (lOj ~erc ent of the gross proceeds derived 
from such sale : and where the 19~5~e retai~s P035 8 s s ion of the 
associat.e d min~r· al prod0cts a 3epaY~t e royalty ~alue will be 
negotiated ·, 

(d~ less F ~ agress to ~ay to the l e ssor a royalty of 
ten (10) percent of the value of Lranium recover ad from mine waters 
(whether n3tural or introduce d): from l e aching ores in ~lace on the 
leased lands or by leac6ing ·such ma~erials after they have beeri 
mined or extracted from the leased lands; or by leaching the waste 
mat~rial yesulti~g from the treatment of ores from the leased lands, 
The value of uranium, as us~d herein, shall be the weighted average 
price per pound for t:"308 in uranium concer. trate recei;'ed by the 
L~ ssee, or the seller of Lessee's co~centrate: at the processing 
plant producing s uch conce~trats, during the month for which 
royalty is being computed s exc~ft that if no sale~ have been made 
during the month for which royalty is being computed, theri the 
valu~ of uranium shall be the weighted average price pGr pound of 
r 3 08 rpc~ived by the lessee or the seller of L~g3se!s cDncentrate 
during th8 preceding six (6) months. 
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EXA!,!PLES OF ROYALTY . C .. ;LClTLATIONS 

The following formula will be used in calculating a "Percentage 
Royalty Rate" (PRR) for uranium: 

PRR = 12% + 0.13% ( Value/dry ton) 
$l.00 

This formula was developed using the A.E.C. Circular 5 values, a 
royalty rate spread from 12% to 25% for ore .values from $0.01 to 
$100.00 or more per ton, a concentrate value factor, and no 
deduction for haulage. 

The factor of 0.13 used in the formula is derived from the 
relation of the royalty rate spread of 12% to 25% and the ore value 
of $00.01 to $100.00. 

12% to 25% = 
$0.01 to ~100.00 

13 units 
100 units 

= 0.13 

"Value per dry ton" as used in the PRR formula is the value per 
t~n of ore as determined from the A.E.C. value schedule multiplied 
b:y ' a concentrate factor. 

The numerator in the concentrate factor is the average price for 
U308 in uranium concentrate received by the Lessee during the month 
for which royalty is being computed and whose denominator is $7.25, 
except that if no sales have been made during the month for which 
royalty is being computed, then the numerator shall be the weighted 
average price per pound of U308 received by the Lessee or the seller 
of Lessee's concentrate during the preceding six (6) months. 

EXAMPLE 1 

Assume: 0.19% U308 in ore; concentrate factor, whose 
numerator is $8.15 per pound, will be $8.15 
divided by $7.25 = 1.1241 

Value/dry ton for use in the PRR formula is: 

2000 lbs. x 0.19% = 3.8 lbs. 

'3.8 lbs. x $3.30 (Price from AEC Value Schedule) = $12.54 

$12.54 (Value/dry ton) x 1.1241 (concentrate factor)=$14.l0 
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Exa:np 1 e 1 (continued) ------
PRR 12% + • 13~ r.y~~.U_~,:'.dr~--.!2~)· 

. .p1.0Q "'. 
~ 12% + .13% (1~~~) 

:;il.0u 
12% + .0183 

12% + 1.83% = 13.83% 

Royalty/ton = PRR x Value/dry ton 

13.83%.x $14.10 

~ .1383 x $14.10 

= $1.95 

EXAMPLE 2 

Ass~me: 0.24% U308; concent~ate factor, whose numerator 
is $6.25 per pound, will be $6.25 - .8621 

$7.25 -
Value/dry ton for use in the PRR formula is: 

PRR 

2000 Ibs. x 0.24% = 4.8 Ibs. 

4.8 Ibs. x $3.50 (Price from AEC VaLle Sch~dule) + 
@.8 Ibs. x $0.75 (Price from AEC Value Schedule) in 

excess of 4 Ibs.] = $16.80 + $0.60 = $17.40 

$17.40 x .8621 (concentrate factor) 

12% + • 13% 

= 12% + .13% 

. - 12% + .0195 

12% + 1.95% 

= 13.95% 

(y'~ue1.9ry 
1.00 

ton) 

,$15.00) 
\ $1.00 

$15.00 . 

R:':Jyal ty/ton PRR x Value/dry ton 

= 13~95% x $15.00 

= .1395 x $15.00 

$2.09 

_ •• Z 4 ; ••• - r o - ,. . 1 ... -, ~-.• '~~ . • l ~\ " .• ( .. ~ 



This Report contains as appendix the fol lowing : 

USGS Open Fi~ Report, Copper Deposits of the White Mesa Mining 
District, Coconino County, Arizona, by Read et.al., 
August 1943, Cavai labl e at Salt Lake City). 

Ki ersch, George A., M i nera I Resources of Navajo Hop i I nd i an 
Reservations, Arizona-Utah , Vol. 1, Metal I iferous 
Minerals and Mineral Fuels, prepared by U. of A. 
1955 

OM 145 Geology of the Kaibito and Moenkopi Plateaus and Parts 
of the Painted Desert, Coconino County, Arizona, 
1953 (2 sheets) 

Sheet 1 of PP 521-A, Geology Map of Navajo and Hopi Indian Reservations 
1969 

• 
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Copper Deposits of tho \\'hit~ l!%<l l.aning District, 

,.' 

Coconino County, Arizona. 

by , 

Charles 9. Rend 
R. D. Samrle 

H. H.: Sullwold, 'Jr. 

.' 

United StatesDepartm~nt of the Interior 
Geolot~c~l Survey 
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INFORlvtA TION SERVICE 

, 

CO?PE3 DE?(;SITS OF T}-Z irrEITE ~~SA LEUNG DISTRICT, 

cocmaNO comm, ARIZONA 

1-. study of the copner deDosits of the ~.'I'!1ite rv;esa mining o_istrict, Coconir.o 

C?u:-. t;..r I Ariz., r.LClS recently been completed by C. B. Read, R. D. S8mple, and 

:~. ?. Sulh'old, Jr., of the Geological Surve~t, United Sta.tes Dep8rt'!lent of the 

i :r.te:-ior. This '-'ork \orClS a :cart of the Surve~rI s rn'ogram of providing geologic 
i 
1 i:.:to~·:~~.,tion to aiel in developing knOl~!U deposits-of minerals needed for ,.Tar 
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':'::e reDort and maps ba.sed on this ,~;otk are available for public inspec-

ti6n in open files at the offices of the Geological Survey in '.1RRhington, 
--O? C., ond in Salt t8ke City I Utah. ' 
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j,;1ate 1. Geo10i:~Y und topo[raphy of the ';[nite 1':os& CO:PPAr Jistr1ct, 
Cocon1no Co., ...r1zona. Scale, 1"-~OO'; sections l.A.', E3', 
CC', D~t 

Pll;lte li. Deta il maps 
B. ~ portion 

~istr let. 

3cale 1 "-100 t. ""'0 TbEl Dut cbr;,c.n clcl m. 
of tl::.e llestp.rD end cf the 7.n1 te l~esa ;:..in ine 

Pl:...te ill. Gool oC1csect iODS in t::'e western end ot t~e :'i1:ii tel:.esa 
- ~1r.lo1~ uistrict, ~rizc:.at 3ections ~t. bn', CO', e'C"; 
s~ary of assays uf ~hattuck-Donn drill cores holes 1-50. 
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Co~per Deposits of tbe ~.ihite ./...esa !.:tning District, 

Coconino CO\.LntJ', .:..rizona • 

\ 
The ~·.'hite t:esa Copper i.~ininc; i.Hstrict is f:.n ar":la of 

\. 

~~prcxllr;utely 10.5 s(',.uuremiles near the western !:"13.rcm of tr.'3 }41.b1to 

~l.u~cau in unsurvoyed 'r ~7 j::. ns 9 and 10 ;.!;. Coconino COtmt:r. A.rizonu • 

:t is ll~ ~il~s northeast of 71aest~fr. ~izona, the nearest rail head, 

f";'C~ 'r-hieh it is accessible 9Y paved !illd secondary road, and is at an 

f>levt:.tion of r:bout 6400 fp.et. In~'.dcquate water supply and isolation from 

supply c~ntE'rs and sr.clters arc fectors which have inhibited developJ;ent 

b.n.O which lDl:.y ba expected to handicap mining operations in thE" :Hstrict • 

.5poredic ~tt€,..r;~pts to develop thp. res('\rves of the dis trict have been 

unsuccessful, and production has been minor. ~t pr esent, three CCl!:.,o...'1ics 

bre 1L t~r '3sted in dovolopment, lind arl3 en,sa;;od in, or hava recently tl.tte::.pted, 

prospcctins. 

The copper deposits occur in the upper portion of the nearly horizontal, 

h1Chly crossbedded. sray l\ovaJo Sandstone (Jurassic ?). Occasional large . , 

tubular bodies and nw:wrous 5.'T:nll pods of copper ore occur tllro1..l.[;h t...n interval 

of c.t leb.st 1:)0 fee t in the u,Pper pert of the fOrr: a tion. 'Ine dere s1 ts o.re 

dls:le::inatlons of malo.chite, copper silicates, u.d minor q,uant1t1es of copper 

l . 
pItch bnd sulfides in. sancl.stone, thA copper minerals serville as cer::entins and 

~ruln-co~ting materials. Grade varies up to 15% copper but it is doubtful 

I:' cany of tile deposits wlll caverage much ;~1eher tho.n l~;. The larger bodiE's, 

sOO;e cf which contain seve:-al hundreds of thOUSands of tons, Iru).~' be e~ cctod 

~o t!ver8::e less than l~. The de;:>osits show a ·.~ell-deflned tiszure control. 

(ir~ln :Lay he.V9 been telethermal or m~teor1c, but there is DO docls1ve 

evlJ~nce bearing on this ~01nt. 
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Thp. min~r.:1lization is too sroradic to remit ar.curate estirridtion 

of ore reserves in thf> absenr.e of extensive ur,dergrounc. explorat t~'n 

or minine orerc:..tion's. The ~0110wine preliminary fif:Ures are therefore 

only :inclicative of the eeneral nagnituc.e of the deroF>it8. .Approximately 

, 2,250,000 tons of ore averar.ing about 1% eu are indicated in ore bodies 

th.:1t are f»\ .. po~ed or penetrated by drill holes. Only a fow thousand 

to~s of this total can be classed as "measured ore" on the basis of 

~vailable dat~, but 615,000 tons are rp.asonably assurod. The re~ainine 

1,650,000 tcn~ probably exist in extensions, indicated by geo10eic evi-

d~nc~J of the kncvm ore bodies. In addltion, 14,000,000 tons is the' 

inferred order of rnaenitude of an aeere~ .. te tonnage of mir,eralizf'd sdnd-

stone that T:lay exist in "bli'nd" ore bodies concealed in undissected 

uplands. 

Consideration of the average erade Rnd size of the known deposits 

o sueeests that ,laree-scale developMent of these reserves under present 

condition~ will be a marg1nal enterprise, even under favorable oper~tine 

conditions. The addition~l problems imposed by inadequate transportation 

facilities and water supply enforce a pessimistico~tlook. The rela-
" ~ 

tively laree inferred ' reservp. of concealed ore cannot be regc:..rded as a 

~~tiectine factor because it is problematical whethor concealed ore 

booles can be discovered and developed at reasonable costs. 
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It j s resorr.mended that further ~tterr.pts to prospect or to develop 

the copper roserves elf the d~strict be rrefaced by li careful ~n[>lyds 

of rninine and conccntre.tinG C()3t~ baser! on minimum tonnaeG estirr.ates. 

Drily in ~he. event tha.t such a survey indic(;te ~ econor.d.c fea::)'t.'.l~t;r, 

should~dditional sters in development be·undertaken • . 

IntroductioYl 

The 5andstone copper deposits here described are near the north-

wp.stern ITI3rein of the Kaibito Plateuu in the western ~d.vujo p.e3ervation, 

Coconino County, hrizona. Thp. .:1rp.a,knoi'm AS the 'flhite ~~(>sa ~ini:;g , 

District, is in unsurvp,yp.d T. 37 j~., RSe _? and 10~. It consi~ts of 9 

t t Ad 28 ,Jl · t .. d ti 1 pa (>0 P.1l un unpatentea c a~ms, wo ran~ne an prospec ne eases, an 

c.bt.!"!aoned millsit.e lease, and~ a campsite lease. !;poraciic att,=rnpts to 

mine the srn:tll dep~:::;i ts of high c.rade ero in the district have bt'len . 

futi l~. Recently, comprehonsi ve prospe ctine rrogrc?Jns by three corr.r~nies 

have been initiated in a deterrJned effort to ascertain the feasibility 

of deve)opinf" on a larep. scale, the low-{;To.de copper reserves in th~ 
district. 

~ 

The ar~a of appro~~tely 10.5 square miles which encompasses thp, 

cl~ims dOd leases is abo~t 112 milp.s northea~t of Flagstaff, Arizona, 

from which it is accessiblp. by U. S. Hiehway 89 to Gap Tradine Post, ar.d 

fro~ there b;r dirt ro~d tWBnty-six miles to the Copper lane Tradine Post 

in the. north .... esterr. portion 0f thA distri~t. The mee.n altitude is about 

1n the southwestern p&rt of the area 50~e map s show two addi
t10nal cla!rr.s, thp. corners of v:hich were not found in the field. 
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6 / 400 fcet, bnd the local r~lief is ~prroxi~atcly 420 feet. Annu~l 

prp.cipit~tior is less tr..:..n 10 inchef.: , cmd r.urface and eround watp-r 

are sr.~rcc in Rnc adJaGl30t to the nistrict. This deficiency of wator, 

isolBtion from ~JUpply centers, and lack of adequate transportation 

routes are i~rortnnt factors ~nich have inhibited" developrr£ nt of re-

serves in the district. 

Only ooe report bearing on the eeolot?;Y' of the "[hite Uesa llinine 

District ha~ been publishp-d , a brief and eeneral account byJ~ U. Hil~-I 
P.owevAr, a number of confidential reports havp. been prepared by geolo-

gists ili~r. 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. Corr.pany prospecting data have likewise 

been consulted freely, ana grateful ackno;dedement of the courtesies of 

the Shattuck-Denn, Coronado, and Uardun org~izations in rraking these 

,-'!ailable, is here expressed. 

Field work bJ' the GeoloD-cal Survey was beE'..lr. late in llarch and "'tiS 

co~pleted early in July, 19430. The investieation was part of a proeram 

dedgned to detemine the status of marf,in?J cor])er deposits and was 

undertakp.n by the Geological Survey at the request of the Vial' Production 

~ 

Board. C. B. Read. was in charee of the White 1.!esa project, and was . 

?sfiisted by H. H. Sullwold durinp, the entire period of stu~~o R. D. 

S~ple joined the party on V4Y 23, and aided io the later staees of the 

wor~. 

Hill, J. H. Coprer dfl !'10sits of t he 'tlh~te tes.:J. riistr1.ct, 
Adzonaj t. S. Gp.ol. Survey; _ Bull. 540: pp. 1 59-H.), 1914 • 

t , 
ti 
t 
( 

t 

I 
(" 
f 

I 



' j 

, . l.: i:;1r. ·_~ oper!lti0!13 in t!:.~ ~',1lite :':'C311 .Jistrict we:'e first . ~ttp.r:rted . by 
.. 

Z-:,Jr;.:on 3!!ttl €':rR t,bo, ir. t;;') l a tter ptl::"t of tr.e IJ~st CC!1tu:!"Jt loc~ted tho' 

:.:ir.in,z cl3.1r:3 ..,.:-.d opcn'?d ::':J.ny cfthe . kno ':ffi copper tc-:(IiP.s. ~ unbown, 

""t rele.tlv-::ly' ~c:.ll to;:nn.ce of hich-(!:rade ere :'iClS recovered d.t,;ri~ tnis 

e r.:-ly perion of ciscGv':!r] :;.nd bit1al d0veloprr.ent. 

In 191? opera tio!1s on t m Little Dick 3.nd Copper 7.orld chks were 

o.tte::'!lt eO. b;,' tr..e !iavajo Copper Ccrl:p::ny. T ','iO o:!,)en cuts were develop:;d, <.and 

o 290,CO<2., j:oWlds uf co'pper, es well es Ci .5:Luli. quantity cf silver, are reported 

to h [;.ve be~'n recovered. lne operations were not profitable, and were 

discontbu~d in 1913. 

'l'be Coconino COFper tlnd Cr..~.icCil Co:;)puny beean opero.tions in the 

'I:est!'l::"n part of the district in 1939 &nd suspended then. in 19~0. 

~ctl vi ties were m~inly on tb~ Copper ~';or1a ::wi l>utchrnan Claims. Ccoplete 

:!"eccr ~ s of :iroduction oro not 9vni1able. lioViever, in 1940 they treated 

o ,,_ . . 

4,534 tons of 3.13/; o~'e from which 79?,878'poun6s of copper sulfate v.:ere 
r----- --

prcQ~ced ~nd shipped. 

'rne ? ... ardun Ca;.p any , which was fom cd in 1~~1, ::1illed ~OOO-3 500 tons or 

ere 'hrdch ',;/ ~e1ded uoo~t 150 tons of co::centrates estimated to cor;tain frem 

15 to 20 percent copper. 'I'O,i5 ccop{\ny operated on a rninine; · lease obtai ned 

fro.";l tbl3 l~~vajo Indio.n Service. In 1943 nn option on the l.:.ardun l.P.as~ v;as 

'" acq,u ired by the CoronadO Copper and z,1nc CQllp...i.ny. ~ intensi va prospect ing 
A 

?rocr~ bezun by tbe ~o.rdun organization haa been. continued in an effort to 

locate large lo~':-£;r~de o~ bcdieo on t'ue pro r,erty. It is reported that trn 

1..w'du;) Coc:;,r.ny drill e d 1? .O~O feet vf test holes 'n1 th tJ1 uverEu;o depth of 

2~ feet or 11;) :; :3. Hecords of 0. nurct0r of th3 se havo been -exo..:nined, but othl)rs 

~re lost. Ano',m loco.tic,ns ure s~of<n on tho mp, Plate II .B. 
o 
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'L~D :-ecent activH ics of' teA Coro:1edo Co.::·P!.<DJ' SUZCt:;5t t.;u .. ,t t.l:.t:= u:;~lly 

10.;s .;f ~hesctcsts S!lO\'l u:'l6u1:.r hieh co;:;>e:- ca:t ent. In oreer tc uvo1d 

cunfusion the dnta woe tns:rofcre .:itheld until t:.e mtter 1G clo;-ifie1 by 

S~8.ft-sin1Une ond drill ir.,s r.O'1; in progress. i..t prese~t the E'r,::ineers 

of t~e orGanization ~e ;>e5si~tstlc ree~rdin~ tee iO~slbi11ty of dtsco.eri~ 

l~rce crebodics on the letise. 

b 1926 the Shattuck-lJenn l;lniL,i. Corporation acc"u ired tax titles on 

tee nine p.':l.tented clams in the :-hite Uesa District. 1:ore reccr.tly the;, 

obteined options qn the unpo.tenteu claLT.s end jn 1942 undertco;C a drill ins 

CiDd r>ros?ectin~ rrogI'a.'t. in Old Fort E.i1l br£S.. i..bvut 4700 feet of co~ holp.8 
\ 

..... ere drill ed ::.nd Gssayed. Locations of tb~~e bol~s hnd s~~ries of 

~iner81ized s8ndstor~ encountered ere sho~n on tLe m3p, Plate II. 

kost ot' tho Kai bi to ?la tenu, in the urea stud ied, is ru. rreced ty 

nearly ::orizontul, hiZhly c:-ossbedci.ed, F;ray Nuvnjo sa..::ldstone of Jurussic(?} 

aee. About 1525 feet of clastic sedL~ents assisned to this unit were measured 

in fin in ca:;,plo te. section at I:cho Cliffs iIrnedie.tely west of the district ,,;here 

tae :lavejo is u:J.derlain by l'ri~sslc cle.Btic sodi.:nents und Permian limestone. 

To tne east, red clastic sediments assier.ed to th~ Ca~el torreatlon rest on 
, 

·the Havajo. 

The rr.t...Jor structural featuro of thfl western Xalbito Plateau is Lcho 

Cliffs mor.ocline ·"hich tronds r.orth-northwest to no~th alone; the r.argin of 

tao table land. The stoep dips on this flexure fh.tten er:ldually cast·,mrd 

into tn'3 plateau, but the recional dip continues cast to soti.tcen.st. Oblique 

r.cr;:-h.l fa ul t s locally c017ipl i C:l.te th e Zcho Cl i r:'s conocllr,9 ond exte nd north-

t'lUst ',7d.rd into the plateau, '~hore thp.y 8re difficult to trace ~cause of the 
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ho:::::o.:;cr.ous nature of th~ :~c1V~jO !>r.ndstone .. "t.1ch ~Cn:1S ~oth 7;0113 r~t t~e 

G'!l..'lcp:ic fe1}tures of th~ ':,1 \1 te l.:~sd. :Jistrict.- The ~',b1te L':esu 1':1n1ne 

. District occupies un . borou SO:-:l~ 10 L1lles Ctlst of the Echo Clirfs lronocl1ne .. 

l\ea:-ly I:orizontul l\uvajo ·:.andstone, overl~ln b:.r a vencer of dune sund, 15 tho 

s-..:rfc.ce rock throtehout the dts trict. ';'pproxir.:utel:.r 420 feat 0t tho unit, 

consti~tinS the up~er portion of th'3 formation, are exposed in the area. 

ThO) fracture pattern of ' the 'i,'hite ~ese. District is sho~m in Ple.tes I 

{oDd II. Fault 1'ir,sures trend north-northwest and eust-~outhe~st in the 

r.cstern part of the district. Lost of these- ~r.ow a slip down to the west 

or nortin, est. S~eeted ~ones travorsed by :parallel to subparallel f~ults 

~nd joints ar~ marginal to the major fissures. ~ set of roaster joints, 

trend inS northeust, i~tcrsects these fractures, fOri:line:.3 co:nplex systex. 

In t::'e central and t?antern port ion ul' the dis trtct no 1'thcast-trending master 

joints ccnstitu te the dJr;:.lnant fissures. Reefs of silicH1.e d brecc ie. and 

eouse characterize the faults. Vcinlets of c~lcadony end, nore rarely, 

calci te occur in the f::. ult zones E.L.'"ld walls. Tne Iiltijor join ts also cO'Tmonly 

sho7/' extensive silicificatior.. 

l:lneral J<>fOsits. .' • 
'l1l~ copper deposits 0: thp. '.'.ni te L~e3a. dist 1'i ct vary from 1 ~t:1'! 10·,7-

erc.de tabular bodip.s to SI:".ell irref.ulur pons iil.nc. veins ofil1&1.er grade ore. 

l::ost of the 7;e11-expo:;ed bod ie~ o.re bloIlo~ or n e~. z.ones of sou th, sou theast, 

or northeast-trending joint or fault fissures ':vhich constitute the c!o:ninant 

str"ctural cOI.trcl of ore dCpJsition. ~e depGsits neve u very lirr.ited ve;,tic~ 

'xtent and few Sh071 thicknesses ~hich ~xcAed 50 fp.et. 7na rr.ajo:-i ty ur8 sli;,ilo.:-ly 

limited :-.crlzor.tullY .. Grade vCl.:-ies wic.'ely but ~s predo~Jbantly 10 ... ,' cnc. fC)r 

the district 8S 'J. ... hole .... ill not exceed l/~. In!'I'3ITcd reserves of this 10 ''i-D'< .. de 
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0:'01 {J..'2: 1arcc, but thl3 cost of cxplorirr the d€rodt~ w111 probal)ly 

be hieh due to the 1liree c?rea which must be prospected. 

:1iner3.1.orry.--!.!alachite is the most ir.lpor-tnnt coprer mineral in the . 

c!istrid and is usuftlly associated w:' th rtChrys'bColla.',-! These two 

r:1inerals arl3 dis.c;eminnted throueh the , sandstone in which they 

partially fill pore ~paces, form coatings on tiTcins, and occasionally 

occur as veinlets. 

Copper pitch occurs in the wall rock of fissures where it fre-

quently forms a halo around disseminations of cha1codte or bornite. 

The srr~ll quantity of both ' oxides and sulfides make their econoMic con-

sic!eration neelicible. 

Gangue, in addition to sand grains comprisine the ~andstone, is 

mainl~ chalcedony which occ~rs in ' anastomosine stringe~s associated 

~~th the hiehcr erndos of ore. Veinlets of calcite are rare. Limonite 

is cor.-.rnonly disser.linlited in the sand~tone as variable but rarely ex-

tensive halos around the copper bodies. 

!)jstribution.-Izree, low-grade copper deposits are mainly restr:Scted 

to the northY\estern portion of the district in the area between the Ida 

U. S:nyth end E.:J.stern Star faults. The nost notable of these are t.hfl 

LittlE) Dick and :ts possible Gr:md Pacific extension, the Copper World, 

and the California deposits. Series of closely spaced cmall bodies 
• 

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

The p.xact co~position of the copper sil:cntp.s h;s not ~€en 
deterr.lined. Clbys, which are the COiUJjon cer::entine rrinerals in the 
r:~"Vp.jo sandston€, h",ve been cO:.J.bined with soluble copper compounds 
fo,rr.ine ccpper carbonate disseminated in c1a~, siliCates, and cxld~s, 
Cf. Cl?.rk, F. '::., Tr.e data of C-eochenistry: U. S. 'Geol. St:rvey Sull. 
770, pp. 670-~80, 1924. 
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. .?r~<ie J hod;,r is exrosco or. the ~ueen ClAim, linn ~!"'r.ll(>r ones or.cur on 
\ 

j:'oc}:P.t~·. ;..~ ino:icated above, the lar&er, low-t:rade, tabuler deposits 

~re exef.ij)lifip,d by the Littl~ Dick, Gr~d Pacif:i c, COFper ~:orlrl, and 

Cc.lifom!'a boditls wrJere weak min~reli7,ct5. cn O~Cl(rS in l;,ree areas of 

sandstone. Drill-hole recordg show th"t thesE;: may exceed SO feet 1.:: 

t.!"l~cknp,ss. ~u~h bodiA~ arp. trb.verscd by nW':lerous joint fissures, the 

walls of .which fr~quentll fhow stror.rer ~ncralization.than does th~ 

iptErv~t-ir.e sGr.dstor.e~ The small, hiehAr erGdc bodi~~ often occur a3 

disSAminftio~A in the WQllA of fissures, ~nd are usually vein or pod-

. Hke in character. Few havtl been observed to extend aR continuous de-

posits for a ~reat~r horizont~l· di~t;nce th8n 50 feet. It i~ probable 

th::.t. their maxi!"l~'11 vp.rticC\l ctimenf'ions are 8pproxl:nat.ely the same as 

tr.ose of the tabubr bodie~. 

Cc:;trcl.-ThA r.\a~ority of copper dp.posits exnmined are associated with 
. ;. 

joints, but ralati vely few arp. ;..ojacent to fault f:issures. In the 

western part of thE' C!i~trict fbsurine i~ domi~antly south-£outheast 

al thoueh locally it trend~ n81lrly east. Farther ea~t mo~t of. the 

fissures associated with corper d~po~itsnre · northeast-tr€nrline. Copper 

rr.iner-<!lization is cor/'\rnonl~r, Rlthc\leh not invariably, strongest in the 

walls of the joint fi~1'3ures but continues J with decrea~ifle intensity" 
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era 5tro~ely s:licified arpear to hnv~ const1tuted r~rtiRl harr1er~ 

tc cOP::'f:r-benring solutiof'.$ end to helve C;~ll!'l~d thfl w<lters to sprp.arl . 

widely alone bedcine pl~nes. 

The ~·:''litP. :!es\l copper depof;its arp. . epigcr.etiq find are products 

of FrfO>c:i~itation fr0rl dilute cOr'::,er-bearinp, :301uti.0ns ,,:hien entered 

the t:ava,:;o sandstcne alone fissures cwcl :Fr~ad alone permeable . laminae 

2.wey frore these fracturBt'. It is not clear, however, whether the 

solutions were ;neteoric or telethermal • 

There has b"3en som+:! modi f:l.crl.tion of thf' ori~inal foro Rna compo-

sition of the copper deposits. DO .... l1wClrd-movine surface i'laters have 

undo1.lbtedly resulted in tnp. oxlrlatioT'l of the copper sulfides which 

,,;ere probably importb.nt prirr.ary minerals in the cieposits. Such waters 

havc also caused rather wide disse~ination of or1,inally more restricted 

deposi ts as a rest:.lt of leo.ching and reprp.cipito.tior.. "Sweating" of the 

s~dstone has apparently resulted in concentration of soluble copper 

minerals near the present topoeraphic surfaces • 

Thl3 status of minine development in the \'lhite llcsn lliriing District 

. doPoS not permit hi~hly accurate estir.\C~tes of copper reserves. The 

ensuine discussion i~ an attempt to indicat~ the eencral ~~gnitudc of 

these reserves and their approximate renee in eracte as determined in 

the course of surface r.~ppine. Drilline and assay da~u are available 

cnly in the \'lestem· part of the obtrict and have been frfJely used to 

supplement outcrop data. 
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In t€~S of the clp~sifi~~ti0~ of' ore reserves recp.ntly nccpted 

jointly by the Geolo£icnl Survey Dnd Eureau of ~in€s~-1 rp.servcs of 

ore in the YJ10-",TI ore bodie~ of the ~,,'r.ite Uesa district art) hl3rein 
. 

classed ag ir.Glcatet:! ore, and possible re.serve~ that rafly ~y'lst in con-

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

of the indic"ted ore, in pal"ts of ore bodies bouncp.d hy vP.ry raoderate 

e),:tensio!:s from observed faces of ore in open cuts, shallo ..... shafts, or 

short Cidits, is reasonably assured. The rp.J'I1ainder of ore in this class" 

althoueh reGardec ... :ith less ass'lrance, is believed to exist in fCirther 

ext.ensions of the ore bodies. Outlines of the~e blocks (Plate~ I 8nd II) 

are bCised on eeologic evidence ~ith little or no prospecting control. 

If , further refinements in classific~tion were justified a sMall fr~ction 

of the indic~ted ore mieht be regarded as rr.easureo, and a s1milarly 

small fraction around the frinees of the nss\.lrr.cd outl ine s mieht be 

regt.rded as inferrl7dore. In thi.~ report, howevGr, inferred ore in-

elude: only those possible reserves which r..ay be prescnt, although not 

exposed, in und:ssected mesas and buttes. Estir.~tes of this class of 

reserves have been calculated by ~prlying the ratio of volurr.es of 

seciments to volu;nes of ore as T:1easured in adjncent outcrop~. They are 

not, in -any sense, accurate estir.~tes, but they do provide a rp.asonable 
l 

indication of the F.~neral order of ~~gnitud~ of cOT:1pletely hidden (and 

still ur.discovp.red) rAserves. 

I LnP,. & :':i rt. Jo~r. V01. lU~ ~~o. 6- ~. 94 Ju~e 19· 
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Inr..i cA.ted Ore 

Re~~cn5bly ~ssured In probabl~ 
exten!'lio!;s 

Total~ 

80,000 180,000 260,000 tons 

535,000 1,465,000 2,000,000 tons 

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

!!".ferrerl. Ore 

Ir. concealed 
orehodies 

In area. west of Eastern Star fault 7,250,000 

In ar~~ c~st of Eastern Star fault 6,750,000 

14 ,000,000 14,000,000 tons 

16,2~CJ(X)O tons 
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l"C.:'i::.l,ior.5 in Cr::.c.:: L:r~ i\;r't:1":r illustr~-ced in 't11<; follo'.\1nC kble 
of t:ipic:ll L.v~ru ;.~ -.!ssr:.j"s froM '!crio'..:.:? ;':l:'ts of th~ district: 

~i~~i~ ~ic% cl~i~ 

b ~l~d :..:lo:1C Y.'ulls 
c~ ore~ c 1.:t 
~v' ~.;~ cnd ::;i of l~. 

cr.:! open cu.t 
S~~~t c~::trcl pert 

o!" cla ~ 
~es-c ce~tral p&rt 
o~ ·cldr. 

I:7i corr.er of claim 

~r~~d :~ciric cl~~ 

;':~ st cent rc.l p9. rt of , . , c~a 1,:'0 

Cen tra1 pc:.:-t 
':;ollth centr3.1 part 

Cnlifornie. clain 
Ccm tral pert of cle im 
Y;cst r-~rt 

~;3nr!io .:.;. clG.iln 
!-;orth e:.d 

Cop~er,"orld clain 
!;orth ~urt open cut 
~cuth part 

.Ide. :.: • .:.iy::;th clab 
;, ..... , corE'?r clatll 
~~ cor:;er 
1:; coneI' 

::.l i c 1 (i ir:'. A 

::orth central part or 
cla 1r:l 

Go:;her cb,i:n 
$~ C~nt~~l part or 

cln 1m 

.;jc:::'Jl es 
* 

16 .001 

2 .001 

3: 
1 
3 

6 
~ 

3 

.6 
10 

6 

10 .001 
6 • 001 

4 .001 
1 .O~l 
1 .00a. 

4 · .001 

1 .001 

\ 

2(;::;,:.:rl: s 

.32 1.23 

.18 1.15 25 ch~ne1 sl)..."':1ples 

.15 .70 1.12; Cu 

• 
• 14- .59 
.20 1.05 

.23 1.02 12 c!u:.nnel sa:::ples 

.18 .82 .62~ Cu 

.21 .44 

18 cho.:mel sarr:ples 
.14 .98 .8~ 
.1S .69-

.18 .54 

16 ser.::pl ~ .e-c hn.r. r,E-l 
.44 .69 .71,:'; Cu 
.26 .74 

.22 .55 

.14 1.57 

.16 1.02 

.32 .80 

.20 1.35 

, ' 
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;::.rC:: ';'lest of cor.t~ins .. lost of thl; 1f'..Tcer cr~ 

of tho? It:.rf:Fl, lc~';-v-e.ce co;.;>er depvsl ts o:::(!ur in this ;:urt of the di;:;trict 

where t!:le~r 110 north of t::' e Id~ 1 .• Sr.lYth foul t. The Little Dick-Greno Pee 1 fi c, 

C~li~o~ia, <i::d CCP1~ c::- ·::c:;.-l6. b0eies tcc".?t::er ~CCOUJlt :'or, Z,2~,OOO tor:.s 0:' J":"1~C.SU:;'-f:U~ 

0:;'- !'".dic~ted c.!:d 1,130,000 T of inferred 10'" credp. ere b t;,c esti:r:.:;..tes r,ivc:l. 

'~'he Cc;per irl11 E::.reu O!l ~he Ll:.rdun leuze affords so::::e proruise tiS elves thp. , 

:rut.ch..~o.n ~::lS.ir:l. It is ce:-.sidered possible th:it &bout io;; of the ' uplands in 

t~i Z ?'lrt cf the dist :;.-ict ~e ~ineU=.lized to (l!l Clvera" e deJ)th of 50 f~et 

Civ1 r...s 7,250,000 tons 0;: implied ore · .... bieh prob~bly Ca:-.not ~ fo\.;no. econoJ:lice.lly. 

kLi.r:iercus s2811 pods of b.lEh-t-;rede ora occur In the eastern p;;rt 0:' t::e 

district. Tne:;.-e are Ci few lc.r,:;e eccles, bO 'Rever·. ":"pproxir,15tely li~ of the 

upl~,ds e6st of the ZustArn Star fault are believed to be mineralized throu;h 

cJn 0'~3erved interval cf 150 feet. Ti'lf! rGst;.ltent 6,750,000 toIlS o~ implied ere 

will be costly to find and probably cannot be recov~ red ecollO~lca11y. 

Outlook 

Possibilities fer 113.ree copper-mining operatloz:s in the :ihi t~ r.:esa 

:':i:z:i::e District ure not hie;b in the l;r;mecUate future. The Sl.w-r:: ', ution ot 

reserves indicates a larGe :>rocf\ble $d ?ossible tcnnuge of orA whIch, !it 
, 

first ~a."lce. ::.i(;ht be co:.sidored d..ttractive to :-.ininG co~::,pG.nieE. The eradp., 

hO'n~verJ is lo'/! and will 8verl3.g~ 1<3s5 the.n one percent copper. There is 11 ttle 

to S u0f;est th:::.t ntnerous 1ere:6 deposits of th1 s lo'r.-f;rude t1a teri al will te 

fOU:ld :::.nd e.bund.ant re.:?son to bolieve that r:.ost of tee bodies .,ill cO:J.t~in not 

~er~ then a few thousands of tons. Dpposits such oS th~ ~ittle uick. Copper 

::orld, and Go.lifornb are clourly in the oino::,~i;:r. 

~::.:.;lo:;.-<~tior: for reSE:::,vns in .tne cree. 7;111 be C0stly bece.t;.se of the lo.:-ge 

e:-eC~ ',';hich must "oe drilled on close cm ~ers in. order to block Olit lalo~n ere 
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t£.b,.:.lc.~ c.e,osits. Furtte~oro such ope~uttons can net 10:1g be restricted to 

:--:;.:.cs, truct:inc: ere to !r,iHs, ar.a r;:cvir •. s r:Jlnir . .:3 r.. ~chi:1ery fro":l o~e location 

to ~r:otr,e~ .. 7il1 thc~efore be consider"!Ue. 

'7De j-t.dte ~esa Tdnir.s 2:Ji.:.trict is 112 milAs from the ruil r.~Jc. c.t 

a.t Cl:;r%dO!l~, ""..r1zona. :3enei'icie.tior. will be np.~e!)sary to obtnln, in 

cr~ ,'; ill l e t:.ch ~()ll but the l,resent ·J.'~t0r 5upply c1' tb!':: distrIct Is in~.de~uE1te 

~r.c.ition::l tirillin[:: •• ~.ltr.OUiJl it v.ould 'Le physically po s ~ible to o~tt.:in Str fH.ce 

i:1st!:i:.lin::; end !:..ljintl1inlr;e D. p")f.:pin~ :::yzte:r. wO'.lld :>ror.!.).bly to proLibitive. 

. 

... -:'r--/ r:. t11 i!i~ r;rucess which b :~;pcrt0d to :rield u :.;0 ~' ~rcetlt Cor.c~ntr/ltc 

. -

' " ~ ..... ' 

. !"C.';:·3~S I", ntiil ir. t!I'3 cXl)F:::::-i;:-_t?nt~l .:;t[~ ; .. ~ o. ~o -, ... ever, t~ ", ra ;,jro no cb.t~ or.. 

"rOCC5S r.;!..:.:r offer t. !)()lutio:1 to ·co:':cer.tr:.:.tl:, ... : ~):::-oblQw;:, 1:1 t~c district. 
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r.iC~~r ~nd prob~bly leG~ than one percent cop?er. ~f~orts to block 

c'.;.tore should be initb.ted only in th·c event that s~ch ;m econo:uc 
\ 
\ 

su:-vey points to the possibility of devclopr.:er.t b&.scd on ~bi::-.t.un 

r~t.he:, than Ir.c.ximum tonnage c).-pectations. 

C. 3. Resd 
R. D. $::..r;,ple 
H. H. Sulh:olc) Jr • 

• 
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., 

i . 
i 
i 

\ 

I 

t, 

I 
f 



Q -
'-

c 

. . : 

, .. 
\ :' . 

.. :', 

__ . ____ #f_~-.... ---_: .... -.. 



( 
-, -, 

.' -, 

.. 

, 

<-

_. 
"'f 

,>I.' ~ 
~;.. 

,'if 
;'., 

~' 

" 

.~; : 
.. 

/" 

-. 
.. .. 

j 
" 

~. ; 

~ I 

• -' I 
~ 

! 
i- ! .- I 

;'~ 

~.r 

.. 
i. 

( 

, , 
;: 

, ; 

1 
I 

I 

,0 \ 
I . 

~ . 
'j 

10, 
I 

i 
.( 

I' - f O . 
I ; I 
I t - , 
I ~ 

I -, 



• ., 

\ .. 
~ 

.. ' 

i~ ' -i 

• 

... . . 

I 
. ) 

i 
I 
1 

i 
1 . i 

'-- I 

I 
1 , 
I 
1 , 
; 

29 



30 

I 



G 
'--

; ' 

l 
r 

. t\. . 

,; . 
,-,

 
 
 
 

 
 

 

    

 

  
 

 
    

  

     

    
   

   

 

   

 

  
 

  

 

   

 

 

   
 

  

 

   

 

 

 
 

  
  

   

  
   

  
 

  

 

 
  

 
  

   
  

 

 
  
  

   

  

     
  

  

 

  
 

  
 

  
    

 
 

   

 
 

 

 

      

     
    

 

   
 

  
  

     

:; I 

j 

t 

~ 

I 

" 

'" 



I 

.. , 

, 
, 

" 

" 

j 
I 

, . 
I 
• ! 

1 

I '. 



c a 

" , 

c 

.-

c 

-j 
I , 

-i 

j -, 
:J 

, 
. ~ 

Figur~ 4_ 13 

" 

j 

,,-
~ , , 
 
 

1 

\ 

f 


	2004-01-0008_000001
	2004-01-0008_000002
	2004-01-0008_000003
	2004-01-0008_000004
	2004-01-0008_000005
	2004-01-0008_000006
	2004-01-0008_000007
	2004-01-0008_000008
	2004-01-0008_000009
	2004-01-0008_000010
	2004-01-0008_000011
	2004-01-0008_000012
	2004-01-0008_000013
	2004-01-0008_000014
	2004-01-0008_000015
	2004-01-0008_000016
	2004-01-0008_000017
	2004-01-0008_000018
	2004-01-0008_000019
	2004-01-0008_000020
	2004-01-0008_000021
	2004-01-0008_000022
	2004-01-0008_000023
	2004-01-0008_000024
	2004-01-0008_000025
	2004-01-0008_000026
	2004-01-0008_000027
	2004-01-0008_000028
	2004-01-0008_000029
	2004-01-0008_000030
	2004-01-0008_000031
	2004-01-0008_000032
	2004-01-0008_000033
	2004-01-0008_000034
	2004-01-0008_000035
	2004-01-0008_000036
	2004-01-0008_000037
	2004-01-0008_000038
	2004-01-0008_000039
	2004-01-0008_000040
	2004-01-0008_000041
	2004-01-0008_000042
	2004-01-0008_000043
	2004-01-0008_000044
	2004-01-0008_000045
	2004-01-0008_000046
	2004-01-0008_000047
	2004-01-0008_000048
	2004-01-0008_000049
	2004-01-0008_000050
	2004-01-0008_000051
	2004-01-0008_000052
	2004-01-0008_000053
	2004-01-0008_000054



