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COPPER PROSPECT
| : WHITE MESA MINING DISTRICT
l ' COCONINO COUNTY ARIZONA

RN ' R. L. Sielaff

September, 1970

. - 2000 Cherryviile Road
| ! ' . Littleton, Colorado 80121
: Phone: 761f0715




March 31, 1971

Mr. Joe Walton, President
Nuclear Dynamics

2871 Sky Harber Blvd.
Phoenix, Arizona 85036

Dear Mr. Walton:

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.

qur truly ./~

/47,

R. { Sielaf ,
2000 Cherryville Rd.
Littleton, Colo. 80120
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ABSTRACT

The White Mesa Mining District lies in the Navajo
Indian Reservation in Coconino County Arizona. Copper ore -
has been mined in the past-consisting of mostly malachite
and copper siliqates with minsr sulphides frém the Navajo
sandstone of lower Jurassic age.

The deposits are thought to be epigenetic sntering the
Navajo tﬁrough fractures from an unknown source below.

Approximately 2.25 million tons of ore averaging about
1% Cu are indicatsd in ore bodies thatiare 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 Nabajo.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 reporf proposes that the Shinarump and Coconino
sandstones could be a host for a high grade large primary
copper sulphide dsposit. 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




sulphide ores filling up most of t
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Phase  III

A drilling program would, of course, depend on the
amoﬁnt of acreage acquired. An initial program wouig—be to
drill in areas of high fracturing and faulting arranged to
fit the stfuctures-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 and coring $30.00 to $40.00

per foot. Using averages, costs are as follows:

Drilling 3,100 feet at $6.50 $20,150.00
Coring 200 feet at $35.00 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 héve been
known for a long time. The first prospectors wefe the
Navajos who were 1ooking for turquoise and had located th;s
green blue oré. The first known white men in the area
were Thomas V. Keams and party in 1882 who recorded 35
élaims. 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 ofe using a dry cohéentration process,

Shattuck-Denn Mining Cqmpany conducted an exﬁensi;e
drillipg and exploration program of the 0ld Fort Hill area

in 1942, Coronado Copper and Zinc Company obtained an -
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option on the Mardun 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 Company has since done work, but nothing
is known of the results.

All of the drilling 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 10E, 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 coming out
at Gage.

Rainfall 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 I

The stratigraphy and geologic column are described and
shown in Oil and Gas investigation mdp OM 145 (2 sheets),
enclosed with this report. .

Section C shown on Sheet 2 at Tanners Well ié the
closest to the district, and depths and thicknesses are’

listed as follows:‘

—_—




Top Thickness

Navajo Sandstone , 0 1300
Kayenta . 1300 400
Wingate 1700 300
Chinle 2000 500
Shinarump ' 2500 288
Moenkop : 2650 _

Kaibab ' 3050 300
Toroweap ' 3170 » 1%8
Coconino 3220

STRUCTURE |

The White Mesé mining district lies on the Kaibito
Plateau in an area of flat t§ gently dipping Navajo 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 genefally paralleling, the Preston Mesa Anticline. The
o0ld mining activity in the district occurred betwéen the—two
structural féatures. |

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. 1In this area a number of faults:

have been mapped trending approximately N20°W with high angle.

They vary with some "up" on the east and some on the west
side. Se&eral faults branch off of thése and trend in a.
northeasterly direction. (See Plate I, Sheet I).

Faults are characterizéd by reefs of silicified breccia

and gauge. Chalcedony and rafely calcite are found in the

fault zones.
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In the old mining district a set of master joints

trehding northeast intersect the northwest trending faults

to form a complex fracture pattern favorable to mineralization.

It is probable that the same situation exists throughout the
Mormon Ridge.

COPPER DEPOSITS IN NAVAJO SANDSTONE

Copper ore is principally malachite with associated

‘chrysocolla, These mineréls are disseminated through the

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 Mine Trading Post. |

The Little Dick, Grand Pacific, Copper World, and
California are large, low grade, tabular bodies where weak
mineralization occurs in large bodies locally exceeding 80
feet in thickness. Clésely spaced small bodies occur on thé
Dutchman claim, and in the area of the Coronado lease on and
near Copper Hill and 0ld Fort Hill. On the Queen claims a
large, but very low grade, body is exposed and smaller ones
occur on the Sunset and Roy clainms.

The majority of coppef deposits, according to C. B.
Read (1943), are associated with joints, but relatively:few

are adjaceht to fault zones. They are epigenetic and are




products of precibitation from dilute copper bearing sdiutions
which entered the Navajo sandstone along fissures and‘spread
along permeable lgminae 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

.carefully selected. Mitcham (1942) cut 96 samples that

Various gfades 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.
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. Priﬁary‘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 al, (1943). 1Indicated ore is

in the known ore bodies and inferred ore is possible reserves
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that may exist in concealed ore bodies. In the U.S.G.S.
repbrt inferred ore includes 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 applying thé ratio of volumes of sediments

to volumes of ore as measured in adjacent outcrops. They

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

a reasonable 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 1In Probable
Assured extensions Totals

Grading‘l 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). ' 535,000 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

Inlarea east of Eastern Star fault 6,750,000

14,000,000 14,000,000 tons

TOTAL INDICATED AND INFERRED RESERVES..

........ 16,260,000 tons
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LAND STATUS

- All of the area involved is on the Navajo reservation.

The status of the old leases is not known.

The proposed color air photo survey might indicate what
blocks would be of intérest'and an attempt should be made
to get thesé léaseé.

It is my understanding that a copper lease sale will bé
held at Window Rock, Arizona, with sealed bids. |

It has been.approved by the Indiags,'but has not been
annoﬁnced.‘ It ;s 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 foyalty schedule which would probably apply, a

copy of which is included in this report.
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MINERALS DEPARTMENT
P.0. BOX 145

- WINDOW ROCK, ARIZONA
86515

PHONE: 602 -~ 871 - 4171

September 18, 1970

Mr. R.L.Sielaff
2000 Cherryville Road
Littleton, Colorado 80120

Dear Mr. Sielaff:

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

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

R.L.Olliver & Associates .
757 Lincoln Building il
Spokane; Washington

Donald J. Ames -, - .G " 2
Box 202 T ’ .
Fargo; North Dakota . i

_ or N

Box 1565 4 i
Page, Arizona . . * .

.\' k(“-

2" o .. e . '~
\‘ _%‘.:‘ i )

Jack W, Taitch g -
4118. 8., Pittsburg ’ ?'
Spokane, Washington 99203

Your question regarding minerals such as uranium
which might be encountered while 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.

We hope you can visit with us again in Window

Mast 51nce 4//;
| Lol ;
err 5 Hurlbut
Mineifals Supervisor

Rock,
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MINERALS DIPARTXENT
THE NAVAJO TRIEE

. BOX 146 © ~
WINDOW ROCK, ARIZONA
86515

RECENTLY YOU WERE SENT A COPY OF THE NEW APPROVED
NAVATT URANIUNM ROYALTY SCHEDULE. TO ASSIST YOU IN DETERMINING
THE ROYALTY PER TON UNDER THE NAVAJO SCHEDULE, THE FOLLOWING

DATA ARE PRESENTED:

ROYALTY PER TON

ORE GRADE $7.00 U30g $8.00 Ug0g $9.00 U30g
fa 415 $0.94 - $1.08 $1.23
.20 1.86  2.16 . 2.48
.25 | 2.52 2.94 3.38
.30 - 3.22 f 3.78 . 4.36
s 3.97 | 4.67 5.42
40 - 4.76 | 5.62 6.53

.45 - " 5.59 d 6.63 - 7.73
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EYHIBIT "A"

NAVA20 URANIUN ROYALIY SCHEDTL.E

&;VROYALTY: To pay or causs to bz paid to the Area Director, Navajo

)

Area, Window Rock, Arizona, 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 delivered to a treatment plant.

1. (a) For Uranium

Lessce shall pay to the Lessor 2 percentage rcyalty of the value -
per dry ton based on royalty rates of 12 percent for ore valued at
$0.01 per ton and increasing to 25 percent for ore valued at $100.00
or more per ton. Thz royalty rate shall be determired to the
nearest 0.00 percent in accordance with the following formula:

Percentage Royalty Rate = 12% + 0.13% (¥alue per dry ton)
‘ $1.00
{b) "Value per dry ton" wherever used in this

paragraph is hereby defined as the dollar valuve per dry ton (2,000
pounds) of crude ore, as determined by application to the uranium
coatent of such ore of the following "Value Schedule for Uranium
Ores'", multiplied by a fraction whose numerator is the weighted
average price per pound for U3z0g in uranium concentrate received by
the Lessee, or the seller of Lessee's concentrate, at the mill
processing ores derived from the leased lands, 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 rnumerator 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.

VALTE SCHEDULE FOR URANIUM ORES

U304 Assay Value per pound of UzOg
_, of Ore : Contained in Ore
0.10 percent or less ’ $1.50
0.11 1.70
0.12 1.90
0.13 : . 2.10
0.14 2.30
0.15 2.50
0.16 2.70
0.17 2.90
0.18 3.10
0.19 P F, 3.30
0.20 and more 3.50

ey

plus a grade premium of $0.75 per pound for each pound of Uz0g in
excess of four (4) pounds per ton of ore and an additional premium




(@

of $0.25 per pound for ezch pound 1n excess of tan (10} poards U50g

.per ton of ore. Fractional parts of a pourd to be valied on a pro
_rata basis 1o the necarest cent.-

(c) TVhernever vanadi.om and other mirerals associated
with uranium are recovered and s2ld by lessee, lLasse= shall pay to
Lessor a royalty of ten (10, percent of the gross proceeds derived
from such sale: and where the Lessce retains possession of the
associated mineral prodoct: a separate royalty value will be
neootlated

(d} lessee agrees to pay to the Lesszor a royalty of
ten (10} parcent of the value of uranium recovered from mine waters
(whether natural or introduced); from leaching ores in place on the
leased lands or by leaching such materials after thev have been
mined or extracted from the leased lands, or by leaching the waste
material resulting from the treatment of ores from the leased lands.
The value of uranium, as ussd herein, shall be the weighted average
price per pound for Uz0g in uranium concenirate received by the
Lzssee, or the seller of Lessee’s concentrate. at the processing
plant producing such concentrate, during the month for which
royalty is being computed; exceprt that if no szales have bsen made
during the month for which royalty is being computed, then the
valuve of uranium shall be the weighted average p*ic~ per pound of
U30g received by the Lessee or the seller of lLeszce's concentrate
during the preceding six (6} moaths.

i
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EXAMPLES OF ROYALTY CALCULATIONS

The following formula will be used in calculating a "Percentage

Royalty Rate" (PRR) for uranium:

PRR = 12% + 0.13% ( Value/dry ton ) -
$1.00

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% - 13 units - 0.13
$0.01 to $100.00 100 units

"Value per dry ton" as used in the PRR formula is the value per
ton of ore as determined from the A.E.C. value schedule multiplied
by 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% U3Oé in ore; concentrate factor, whose
numerator is $8.15 per pound, will be $8.15
divided by $7.25 = 1.1241
Vaiue/dry ton for use in the PRR formula is: .
2000 1bSn X 0019% = 3.8 1bs¢
. 3.8 1bs. x $3.30 (Price from AEC Value Schedule) = $12.54

$12.54 (Value/dry ton) x 1.1241 (concentrate factor)=$14.10
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Examnle 1 (continued)

PRR

12% + .13% (Value‘dry tony
- $1.00 e
= 12% + .13% ($14.10)
TST.00
= 12% + .0183

= 12% + 1.83% = 13.83%

PRR x Value/dry ton

I

Royalty/ton

13.83%.x $14.10

I

.1383 x $14.10

$1.95
EXAMPLE 2

Assume: 0.24% U30g: concentrate factor, whose numerator
is $6.25 per pound, will be $6.25 _ 8621
: g $7 l25 ¢

Value/dry ton for_use in the PRR formula is:
2000 lbs. x 0.24% = 4.8 1bs.
4.8 1bs. x $3.50 (Price from AEC Value Schedule) +
[0.8 1bs. x $0.75 (Price from AEC Value Schedule) in
excess of 4 1lbs.] = $16.80 + $0.60 = $17.40

$17.40 x .8621 {concentrate factor) = $15.00

PRR 12% + .13% (Value/dry tony : PR

\ %100
= 12% + .13% ($15.00,
\~¢T700
= 12% + .0195
= 12% + 1.95%
= 13.95%

Rovalty/ton PRR x Value/dry ton

13.95% x $15.00

.1395 x $15.00

$2.09




This Report contains as appendix the following:

USGS Open Fi@ﬁ\ReporT, Copper Deposits of the White Mesa Mining
District, Coconino County, Arizona, by Read et.al.,
August 1943, (available at Salt Lake City).

Kiersch, George A., Mineral Resources of Navajo Hopi Indian
Reservations, Arizona-Utah, Vol. 1, Metalliferous
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 the White Yesa

Mining District,

Coconino County, Arizona.

by

Charles B. Read
R. D. Sample

H. H.:Sullwold, Jr.

United States Department of the Interior

Geolosical Survey

August, 1943,
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- DEPARTMENT -OF THAg INTERIOR
" INFORMATION SERVICE

G=OLCGICLL SURVEY . T

COZPER DEFCSITS CF THE WEITE MESA LINING DISTRICT,

COCONINO COUNTY, ARIZCNA

A study of the copper denosits of-the Wnite Mesa mining district, Céconino
Courty, Ariz., has reéently been completed by C. B. Read, R. D. Sample, énd |
Z. Z. Sullvold, Jr., of the Geologicai Survey, United States Depaftment of the
iterior. This work was a part of the Survey!s program of providing geologic

irSorzation to &id in developing mown deposits of minerals needed for war -

- rurneses end to guide the search for new deposits.,:

<

™

“he revort and maps based on this work are available for public inspec-

tion in open files at the offices of the Geological Survey in Washington,

D. C., and in Selt Leke Oity, Uteh, = - = -  --
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Conper Deposlits of the “hite lesa Lining District,

\
N

Coconino County, arizona,
Surmury. The White ilesa Copper i.ining Distfict is en area of
upprcximateiy 10.5 sguare miles neer the western mérgin of ths Kgibito
rlateau in unsurveyed T 37 N, s 9 and 10 3, Coconino County, arizonz,
It is 11z miles northeast of rFlagstaff, .arizona, the nearest rail he&d,
from which it 1is accessible by paved and sccondary road, ;nd is at an
elevetion of zbout 6400 feet, Inadequate'water sﬁpbly and isoletion from
supply centers and srelters sre fectors which have inhibited development
and which mey be expeéted to handicep mining operations in the district.

Sporedic attempts to deveiop the reserves of the‘disnfict have been
unsuccessful, and production has been ainor, At present, three cazpanies
uré Interzsted in dovelopment, and are eﬁgaged in, or hgve recently attempted,
prospec}ing.

The copper deposits occur in the upﬁer portion of the nearly horizbntal,
nishly erossbedded, gray Rava jo sandstone.(Jurassig ?). Cccasional large
tubular bodies and pumerous srall pods of copper ore occur tihrough en intervel
of zt least 150 feet in the upper part of the forration. Thae deposits are
dissexinations of malachive, copper silicates, &nd minor quantities §f copper
pitqh‘und sulfides in ssndstone, the copper ﬁinerals servins'as cementing &nd
cruln-coeting materials. brade varies up to 157% 00ppe; but it is doubtful
17 meny of the deposits will maverage much aigher than l%: The larger bodies,
some qf which contain several hundredé of thousands of tons, may bs ex ccted
t0 uverere less than ;ﬁ. The deposits show a well-defined fissure control,
Urizin may hevs been telethermal or meteoric, but there is no 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 operations. The following preliminary fipures are therefore

only indicative of the general magnitude of the deposits, Approximately

. 2,250,000 tons of ore averaging about.l% Cu are indicated in ore bodies

that are expoced or peretrated by drill holes. Only a few thousand

tor.s of this total can be classed as "measured ore" on the basis of
available dataz, but 615,000 tons are reasonably assured, The remaining
1,650,000 tens probably exist in extensions; indicated by geologic evi-
dence, of the kncvn ore bodies. Iﬁ addition, 14,000,000 tons is the
inferred order of magnitude of an aggregﬁte tonnage of ﬁineralized sand-
stone that may exist in "blind" ore bodies concealed in undissected
uplands.,

Consideration of the average grade and size of the known deposits
Suggests that.iarge-scale development of these reserves under present
conditions will be a marginal enterprise, even under favorab]e operating
conditions. The additional problems imposed by inadequate transportation
facilities and water supply enforce a pessimistic outlook. The rela-
tf#el; large inferred reserve of concealed ore cannot be reg:rded as a
mitigeting factor because it is problemétical whethor concealed ore

bodies can be discovered and developed at reasonable costs.,
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It is recommended thaﬁ further attempts to prospect or to cevelop
the coppér reserves of the distriét be prefaced by a careful znelysis
éf mining and concentrating costs bas;d on minimum tonnage estimates.
Only in the event that such a survey indicates econcmic feazibility,

should additionel steps 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 VWhite Mesa Yining
District, is in unsurveyed T. 37 W., Rs. 9 and 10 E. It consists of 9
patented und 28 unpatented claims, two mining and prospecting leases, an
abendoned millsite lease, and a campsite lease., Sporadic attempts to
mire the small deposits of high grade ore in the districg have been
futile.. Recently, comprehensive prospecting programs by three companies
have been initiated in a determined effort to ascertain the feasibility
of developing, on a large scale, the low-gradé copper reserves in the
district.

The area of approximately 10.5 square milés which encomﬁasses the
clzims and leases 1s about 112 miles northeast of Flagstaff, Arizona,
from which it is accessible by U. S. Highway 89 to Gap Trading Post, ard
from there by dirt road twenty-six milés to the Copper lMine Trading Post

ir the northwestern portion of the district. The meen sltitude 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,L00 feet, and the local relief is approximately 420 feet. Annuzl
precipitetior is less than 10 inches, &and surface arnd pround Qater
are scarce in and adjacent to the district. This deficlency of water,
isolation from supply centers, and lack of adeduate transportation
routes are important factors which have inhibited development of re-
serves in the district.

Cnly one report bearing on tﬁe'geology of the White Mesa Mining
District has.been pubiished, & brief and genersl apcount by J. M. Hillf/
Fowever, a number of confidential réports have been prepared by geolo-
gists And engineers employed by companies-interested in the areg, ang
several of theée have been examiﬁed during the course of the recent Geo-
logical Survey investipations. Companj prospecting data have likewise
been consulted freely, and grateful acknowledgment of the courtesies of
the Shattuck-Denn, Coronado, and Xardun organizations.in making these
available, is here expressed.

Field work by the Geological Survey was bepun late in March and was
completed early in July, 1943.. The investigation was part of a program
designed to determine the stétus of marginal copper deposits and was
undertakxen by the Geologicgl Shrvey at the requgst of ﬁhe Var Pfoduction
Boa;d. -C. B. Read was in charge Qf the White llesa project, and was |
assisted by H. H. Sullwold during the entire period of study. R..D.

Sample joined the party on May 23, and aided in the later stages of the

Work .

4111, J. ¥. Coprer denosits of the White Lesa district,
Arizonay U. S. Geol. Survey. Bull. 540, pp. 159~-143, 1914,
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Ueveloprent und roduction
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4;31n5 operations in the Lhite kesa District'were ftrst_attenpﬁed&by
lorwon 3ettlers who, In the latter part of tae pust century, located thé\
wining claims and opened many of the known copper bodies, an unimown,

by PR reletivelyi:mall toonage of hiéh-grade cre was recovered during tais
ezrly period of cisccvary snd 151%1@1 development .

In 1917 operations on tre Little Dick and Goéper Torld cluims were
atteupted by the liavajo Copper Compeny. Two open cuts were develop=d, und
290,000 j;ounds of copper, es well.as & small quantity of silver, are reported
— s _ : ,

10 seve been recovered, . The operations were not profitadle, and were

‘@discontinued in 19182,

The Coéonino Qoppcr und Chemicuel Company tegan operations in the
westarn par£ of the district in 19%9 and suspended thexm in 1940, Thelir
ectivities were mainly on the Coéper world and Dutchman Claims, Canplete
recoris of production are not svailable, EHowever, in 1940 they treated

4,584 tons of 3.135 ore from which 797,878 pounds of copper sulfate were
—_— /)_“—A

_—

prcauced und shipped.

:The dardun Coupeany, which-was fomed in 1941, milled %000-3500 tons of
cre wnich ﬁielded gbout 130 tons of coucenfrates estimated to contain from
15 to 20 percent copper, Tals ccmpany operated on a mining lease obtel ned
from the Navajo Indian Service. In 1943 an option on the &afdun lease was
acquired by the Coronado Copper and ainc §oﬁpany. Lh intensive prospecting
progrem bezua by the Mardun organization has been continued in an effort to
locaie large low-grzde ors boaies on tue property. It Is reported that tre
ierdun Compeny érilled 17,000 feet of test holes with en averaso depth of

24 feet or less, Records of a number of thase have been examined, btut others

ure lost, Znown locaticns are sjown on the map, Plate II B,
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1hs recent ectivities of the Coronecdo Cazpuny suggest they the assuy

logs cf these tests show unduly high copper catent, In orcder tc wuvoig

conlusion the data are thersfere witheld until this mutter is cloriried by
shaft-5inking end drillirg now in prozress, A4t rresent the enrincers

of the organization are pessimistic regordirng the possibility of discoveriz

lerge crebodics on the lesse,

In 1926 the Shattuck-Dernn lilning Corporetion acquired tax titles.on

tZe nine patented claims in the Wnite Mesa District. More recently thev

obteined options on the unpatented claims end in 1942 undertcox a drilling

and prospecting progrem in 014 Fort Eill erea. About 4700 feet 6f core holes

\

were drilled znd sssayed, L0cations'of'these holes &nd'summaries of

rineralized sanistone encountered ere shown on tLe map, Plate II,

Geology

lost of tho Ksibito Plateau, in the area studied, is sarfeced ty

nearly ﬁbrizontal, kighly crossbedded, gray Nuvajo sandstone of Jurassic(?)

age. about 1525 feet of clastic sediments assigned to this unit were measwred

in an incanﬁlcta.section at Zcho Cliffs immedistely west of the district whére

the Javejo is underlain by Trigssic clestic sediments and Permian limestone,
To tae east, red clastic sediments uss;gned to the Carmel formation rest on
the Nevajo.

The m&jdr structural lesture of the western Xalbito Platesu {s Zcho
Cliffs morocline which trends north-northwest to north along the margin of
the t;ble land. The steep dips on this flexure fletten gracdually castward

into the pleteau, but the regionel dip continues east to southeast. Cblique

nerzal fsults locally complicste the Zcho Cliffs monoclins and extend north-

eustward into the pleteau, whcre they are difficult to trace tecause of the

7
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homozocnous nature of ths Navajo sandstone which fermus Yoth walls ut the
swrface,

Gooleglic femtures of the White liesa Distriet.- The white lesa Kining

District occuples an srea some 10 miles east of the IZcho Cliffs monocline,
Neerly horizontal Kuvajo-sandssone, overluin by a vencer of éuﬁe sand, is the
surfece rock throughoﬁt the dis trict., approximately 420 feet of the unit,
constituting the upper éortion of the formation, are expdsea in thé area.
Tas fracture pattern of the White lkesa Distriét is shown in Pletes 1
cnd II, Feult ficsures trend north-northwest znd east-southeest in the
western part of the district. lost of these show a slip down to the west
or nortanest. Sheeted zones fraverséd by parallel to subparellel feults
end joinits are margin;l Y0 the major fissures. a set of master joints,
trending northeust, intersects these fractures, rorming.g canplex systex,
In the centrel and eastern portion of the district nortbcast-irending master
Joints censtitute the dminant fissures. Reefs of silicified bréccia and
gouse characterize the faults. Veinlets of caslcedony end, more r@raly,
celcite occur in the faulf zones and walls. The mujor joints also éommonl&

show extensive silicification.

Mineral Deposits.

The copper deposits of the Vhaite liesa district vary from lsrge low-
grade tabular bodies to smell irreguiar pods and veins ofnigher grade ore,.
¥ost of toe well-exposed bodiec are alon; or.near zones of south, southeast,
cr northecast-trending joint or fault fissures which constitute the cdominant

structurel contrcl of ore deposition. The depesits have a very limited verticel
.

-xtent and few show thicknesses which =xceed 50 feet. The majority ovre similarly

limited zorizontally, OGOrede varies widely but is predominantly low, ené for

the district as 4 whole will not exceed le. Inferred reserves of this los-srade
eT
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ora are large, but the cost of explorirg the deposits will probahly
be high due to thehlarge area which must be prospected.
2ineralovy.;-ualachite is the most important copper mineral in the .
district.and is usually associated with "chry;?colla."‘/ TheseAtwo
minerals aras disseminated through the sandstone in which theyl
paftially £111 pore spaces, form coatings on greins, and occa;ionally
occur as veinlets.,

Copper pitch occurs in the wall rock of fissures where it fre-‘
quently forms a halo a}ound disseminations of chalcocﬁerr 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 whi;h occurs in anastomosing stringers assoclated
with the higher grades of ore. Veinlets of calcite are rare. Limonite
is commonly disseminated in the sandstone as variable but rarely ex-

tensive halos around the copper bodies,

Distribution.~—Large, low-grade copper deposits are mainl& restricted
to the northwestern portion éf the district in the area between the Ida
Y, Smyth end Eastern Star faults. The most notable 6f these are the
Little Dick and its possible Grand Pacific extension, the Copper Vorld,
and the Czlifornia deposits. Series of closely spaced small bodies

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

The exact composition of the copper silicates hss not heen
determined. Clays, which are the common cementing minerals in the
havajo sandstone, have been combined with soluble copper compounds
forming ccpper carbonate disseminated in clay, silicstes, and coxides,
Cf. Clark, F. ¥W., The data of Geochemistry: U. S. Geol. Survey Bull.
770, pp. 670-£80, 1924,
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and nesr Cepper 1Hill ard Cld Fort Hill. A rether large, but very Tow
arede, hody ié exprosed on the Queen Claim, and smaller ones oceur on
N
the Sunset and Ray Claims.
Throughout the district thefe«are numerons small cobper hodies,
Tha distrlbﬁtion of the varioué eypésed deposits and-of thegr.indi-

cated or irnferred extensions is shown on the map, Plate I.

Porr and Cherzcter.—The copnar deposits are very irrepular and

pockety. As indicated above, the larger, low-grade, tabuler deposits
are exenplified by the Little Dick, Crand Pacific, Copper World, and
Californla bodies where weak minerelizationioccurs in large areas of
sandstone, Drill-hole records show that these may exceed £0 feet in
thickness. Suéh bediag are traversed by numerous Jjoint fissures, the
walls of.which freqguently show stronger mineralization.than does ths
irterverning sardstone. The small, hipgher grzde bodies often occur as
disseminetions in the walls of fissures, and are usually vein ér pod-=
like in character. Few have been observed to extend és continuoﬁs de-
posits for a greaﬁer horizontal dist;nce than.SO feet,, It is probable
that their maximun vertical dimensions are approximately the same as

trose of the tabular bodies,

Centrel.—The majority of copper deposits examined are associated with
p .

Joints, but relatively few ara adjacent to fault fissures., In the
western part of the district fissuring is domirantly south-csoutheast
although locally it trends nearly east. Farther east most of the

Iissures assoclated with copper deposits are northeast-trending. Copper

mineralization is commonly, although not invariably, strongest in the

walls of the Joint fissures but continues, with decreasing intensity,
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forva veriable cistance away from the apparent Teeders, Joiris which
ers strorngly silicified appear to havs ccnsfﬂtnted rertial barriers
te copper-tearing solutions end to have cuused the watefs to spread.
widely aleng bedding planes,

The Wnite Yesa copper déposits are eplgernetic and are fréducts
of precirzitation from dilute copper-bezring soluticns vhich entered
the Kavajo sandstcne aiong fissures and cpread along permeable laminse
awey from these ffactures. It is not clear, hcwever, whether the
solutions were meteoric or telethermal.

There has been sorme modification of the original 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 importént primary minerals in the deposits, Such waters
han also caused rather wide dissemination of originally more restricted
deposits as a result of leaching and reprecipitation. "Sweatiﬂg" of the
szndstone hes apparently resulted in concentration of soluble copper

ninerals near the present topographic surfaces.,

Reserves

The status of mining development in the Vhite lesa Mining District

" does hot permit highly accurate estimates of copper reserves., The

ensuing‘discussion is an attempt to indicate the general magnitude of

these reserves and their approximate renge in grade as 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,
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In terms of the clessification of ore reserves recently adcpted
Jointly by the Geological Survey and Bureau of Hines,—/ reserves of

ore in the known ore bodies of the “hite Vesa district are herein

classed as irndicated ore, and possible.reserves that mny.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 modsrate
extensions from observed faces of ore in open cuts, shallow shafts, or
short adits, is reasonably assured. The remainder of ore in this class,

although regarded with less assurance, is believed to exist in farther

extensions of the ore bodies., Cutlines 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 ofe.might be regarded as measured, and a similarly
small frac£ion around thé fringes of the assumed outlines might be'

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

cludez 6ﬂly thqse possible reserves which may be present, although not
exposed, in undissected mesas end buttes. Estimates of this class of
reserves have been celculated by applying the ratio of volumes of
sediments to voiumes of ore as measured in adjacent outcrops. They are
not, in’any sense, accurate estimates, but they do prdvide a reasonable
indicatgon cf éhe general order éf magnitude of.completely hiddsn (and

still urcdiscovered) reserves.

—7 Enp. & Lin. Jour., vol. 1Lh, No. 6, n. S4, June 1943.
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TASULATION CF CRE KESZIHVES

SHITE ¥s5a MINING DISTRICT

- Indicated Cre

Recarcnably sssured In probable

Iotals

260,000 tons

——

2,000,000 tons

extensions
Grading 1 to L%
(in scattered
smell bodies). 80,000 180,000
Grading 0.3 to
1€ Cu (in a few
large and many v
small bodies). 535,000 1,465,000
615,000 1,645,000

Inferred Ore

In concealed

orebodies
In 3rea west of Zastern Star fault 7,250,0C0
In aréa ezst of Eastern Star fault 6,750,000
14,000,000

TOTAL ZGUICATED AND INFERRED HESERVES.escvsesonsve

L ‘ [}

2,260,000 tons

14,000,000 tons

156,24C,000 tons
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Toriztions in grade cre Durther 1llLSuAuteu in the ¢olloxinc tcble

of typlcal &vers;= ussays from verious ;ﬂ“ts of the district

\-
wegariztion semoles 026 alle DZasille 0 Cu Penurss
wittie wicx cluim
In ¢nd vlong wulls
6L oren ¢ t 16 .001 32 1.23
40% wi ond Lk of ive
exd opea cut 2 . 001 .18 1,15 25 channel sumples
Soutk ceatrel part
of eialn S «15 «70 1,127 Cu
west central part ' .
of‘clair b ol4 - «99
I0i corner of claim 3 20 1.05
orend rzcific cluim
West centrel part of
claim ) € - 23 1.02 12 chennel samples
Central part s «18 82 «825 Cu
. South central part ) «21 44
Celifornie ¢leim 18 channel sanples
Central pert of cleim .8 14 .98 <825
west pert 10 al3 69
Lannie & claim
Forth exnd 6 s AB o4
Ccpyer World claim . d 16 sempless-chanrnel
North purt open cut 10 «001 044 «69 .71 Cu
ocuth pert 6 001 26 74
Ide i,Synth claim .
Sw corner claim 4 .001 <22 «5D
G3 cerner 1 " .001 14 157
it ccraer 1l " . 002 o 16 1.02
Z1li Cl&i‘:.g
liorth central part of .
claim 4 . .001 032 .80
Gopher claim
2% Centxral n art of :
clainm 1l oOOl 20 135

SO
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'"ké zrea . west of the Zustern Ster Tault contains most of the larger cre
bodies and is belisved to offer the best cnunces for miring devélopfent. Xost

of tha large, low-grede copper depvosits occur In this mart of the districs

where they lie north of the Idc 1. Smyth fault. The Little Dick-Grend Pecific,
California, and Copper lerld bodies together zecount for 223,000 tons of mensuretle
or indiceted aﬁd l,iB0,000 T of inferred los grede cre in the estimates ziven,
ibe Copper Hill ereu on the Lerdun lease affords sorme prémise usS Gces the
ﬁutchman Claim. It is co:sidere& rosaible that about 10i of the uplands in

thils part ¢f the district are minefalized 10 cn avera:e denth cf 350 feet

siving 7,250;000 tons ol implied ore which probsdly ceznnot te fownd economically,.
luziercus szell pods of pigh-grede ore occur in the eastern part of the

district. There sre a few lergze tcéies, however, approxinstely 15 of the

uplends east of the 3ast;rn Ster Tault are believed to be tireralized throuzh

en observed intervel of 150 feet. Tae resultent €,750,00C tors of implied xe

will be costly to find and prctably cannot be recovered econorzically,

Qutlook

Possibilities for large copper-mining operatiors in tze “hite Llesa
«.iving District are not high in the irmediate future, The summation.of
reserves indicetes & large nrobeable cud possidble tonnage of ore which, at
first glaﬁce, might be considored attractive to mining coupanies. The grade, -
nowsver, is low and will average l2ss then one percent cenper. There is littie
te suggest thet numerous lergs deposits of this lox-grade material will te
found and sbundant rezson to believe that most of the bodies will contain not

rere then a few thousends of tons. Deposits such as the Little Dick, Copper

%orld, end Celiforaiz ere clearly in the minority,
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bwodies or to find irforred cnes. Open-pit mining operut ions wili require
the recovel of lerge tonnaces of tarren or very low-:irede sandsiore in érdcr
1o secreh out und recover ore pods whicﬁ may crarecterize the sipposed largé
tetuler deposits, Furtkermore such operations can net long be :cstriéted to

a narrowly circumscribed nortion of the district, Costs of coust eting

scoés, truczing ore to mills, end meving mining machinery from one locstion

to erotrer will therefore be consicderztle.,

hezd ot

™:e woite llesa Lining District is 112 miles from the rail

5t:0f, arizona, ond epproxirately 175 miles frgm tze naarest omelter

at Clsrxdsle, .rizona. Zeneficistion will be hecessary to obtain, in
si..nificent tonneres, a product whlcn cen bte érofitably snipped., The ‘hite Lesa
crs will lewen woll but the present wutler supply of the district is i{nudequate
for such un ;pcretioﬁ, undvoonditicns sre unfavormbdle for ‘any large increuse by
gaditionsl drilling. althoush 1t would be physically possible to obtuin su fuce

AR

colorudo Hiver at Lee'c Ferry or frau iuvsjo Oreek, about tweaty
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wiles rorth or northezst of the distriet wné ¢t fer lower elevstion, costs of
inatsllinc and maintoining a pumping cystem would probubly te proLlibitive,
d « 8ry w=illing process which is rzported to yleld u 20 percept concentrete

rother nigh efficiency hus teen developed by the lurdun Compeny. «u the
STOS2LS fs stitl in the experimental st es, howeuef, tiers %re'no datu on
ccets und recovary in lﬁrge millings operations. It is peszsible thuat this
srocess nuy ofTer . solution to-concentrating D“Oul‘ﬂs in the district

it is su gestsd that ;gy lurg2-scale attempt te aevelép the pLer Teserves
fn 2o disctrict ve profuced Ly & caraful analys:s of-.ining £nd cormecentratin

costs based on ihe mininz of muny scuttered sioil bodies widelh will uverai-e not
< ase Y 2 A
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higher end probably less than one percent copper. Efforts to block

Xy

out ore should be initizted only in the event that such an economic
’ \

_ \
survey points to the possibility of developrent based on rinimum

raether then maxdmum tonnage expectations.,

C. B. Read y
R. D. Sazmple
H. H. Sullwold, Jr.
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