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PRELIf-1INARY FEASIBILITY STUDY 
HASSAYA!1PA DISSEI·~INATED COPPER DEPOSIT 

YAVAPAI COllliTY, ARIZONA 
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6921 E. Hawthorne 
_ -: Tucson. Arizona 85710 

THOMASS. NYE 
Consulting Economic Geologist 

Mr. R. F. Hewlett, President 
Sierra Mineral Management 
4741 East Sunrise Drive 
Skyline Bel ·Aire Plaza 
Tucson, Arizona 85718 

Dear Mr. Hewlett: 

Tel. (602) 296-4183 

Enclosed is my report, Preliminary Feasibility Study, 
Hassayampa Disseminated Copper Deposit, Yavapai County, Arizona, 
together with my bill for services rendered. The feasibility 
study deals only with the economics of mining the near-surface 
ore by open pit methods and does not consider the deep are 
potential, which appears to be substanti~l. 

It was not possible, within the limits of time available 
a~d alloted for this study, to consider the economics of all of 
the different hydrochemical extraction methods which are possible 
with current technology. You might wish to investigate the 
following methods also, which are directed to the extraction of 
both primary and secondary sulfides: 

1. Solution of sulfides at elevated pressure and temp­
erature in an autoclave with dilute sulfuric acid and oxygen 
(98% Cu recovery reported by Sherritt Gordon). This process 
produces native sulfur, a marketable product, and copper sul­
fate solution, from which copper can be electrowon. 

2. The Anatred (Anaconda-Tread\'iell) process employs 
90% sulfuric acid, hydrogen cyanide, and hydrogen to produce 
both native copper and native sulfur. -Anaconda's pilot plant 
on this process suffered from corrosion problems, which might 
be cured with further research. 

3. Oxygenated pressure-leaching of sulfides. Sulfide 
are is subj~cted to hot water and o xygen under pressure, to 
produce copper sulfate solutions from which copper can then 
be electrowon or precipitated on iron. The AEC has experimented 
with in-place leaching of ores using this technique, \vith some 
laboratory success. The method might be more effective on 
crushed or ground are in a mill setup, since recovery would be 
greater due to greater surface exposure of the sulfide-bearing 
rock to theextra~ting solutions. A.E. Lewis and R.L. Braun of 
the Lawrence Liver~ore Laboratory, University of Cali~ornia, 
Livermore I pres'2nte d papers on thisr.1ethod at the 1972 AlME 
meeting in San Fr a ncisco. 
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Ltr. toR. F. Hewlett, 4-19-72, p.2 

Should you have any questions regarding 
contact me. Thank you for your consideration. 

\ 

! 
my 
\ 

report, please 

Sincerely Yours, 
I 
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6921 E. Hawthorne 
Tucson, Arizona 85710 

THOMASS.NYE 
Consulting Economic Geologist 

Tel. (602) 296·4183 

i! 
I 

Mr. R. F. Hewlett, President 
Sierra Mineral Management 
4741 East Sunrise Drive 
Skyline Bel Aire Plaza 
Tucson, Arizona 85718 April 19, ~972 

FOR SERVICES RENDERED 

Feasibility Estimate, Hassayampa Copper Project 

Long "Distance Telephone calls, for 
cost data: 

3/3/72 

4/14/72 

San Francisco-Fluor Utah, 
mining costs 
St. Louis-Cerro-precip 
smelter costs 
Bagdad, Ari z .--acid 
and iron costs 
Ariz. Dept. Property 
Valuation, Ad Valorem tax 

$4.57 

5.17 

3.16 

4.22 
$17.12 

2/23/72 Conf. with Cerro personnel 
re precip smelter, at San 
Francisco, 1/2 day @ $150.00 

3/3-3/20/72 Research & Feasibility Caic­
ulations, 4 days @ $150.00 

3/28/72 Examination of Hassayampa prop­
erty, 1 day @ $150.00 

$ 75.00 

600.00 

150.00 

3/29-4/19/72 Feasibility study, calc­
ulations, report prep­
aration, 6 days @ $150.00 900.00 

$1725.00 
TOTAL DUE 

$ 17.12 

1725.00" 
$1742.12 

~~~L~ 
Tho~aas j s. l~ye 

Consulting Geologist 
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PRELIMINARY FEASIBILITY STUDY 
HASSAYAHPl~ DISSE:·'lI1J~.TED COPPER DEPOSIT 

YAVAPAI COUNTY, ARIZONA 

Summary and Conclusions 

A preliminary study was made of the feasibility of 
~ining the IIassayampa disseminated copper deposit near Pres­
cott, Arizona. Data required to make a definitive a!lalysis 
~:~v~ not yet been developed, and the present study is based 
1:1 p..lrt upon assumptions regarding the character of the de-
1"0$ it ilS \-lell as operating and capi tal costs. The cost data 
.:11'(." predicated upon the use of a "sharp pencil" by a versatile 
~nd c~p~ble 9perator, and there is little or no contingency 
{Jetor in the calculations. 

Various extraction methods were briefly considered. 
In-!ll~cc leaching to produce precipitate copper concentrates 
t::iqhl be done for a relatively lo\v capital cost. The rate of, 
;u,d (.)\o(:rall, recovery of copper by this method \vould be 10\-1 

~l::J tL~ annual net cash £10\'1 might not be as high as for other 
r.(·thOU!i. HO\'lever, further studies of in-place leaching may 
l~c ~~rranted after leachable copper reserves are better def-
.i t:ed. A combination of agi tation and heap leaching of rock 
ni H('d by open pi t nethods, v:i th solvent ext.raction ar..d electro­
... ·if.lli::t;· of the copper, appeared to offer the highest annual 
C'.:l:.~h i 10\-1 and is the extraction method used in the cost anal­
Y!ii::;. 

Mining was projected at 4000 tons of bre per day on 
the b.:lsis of 7.8 million tons of 0.5% copper are having a 
!:tripping ratio of 1.72:1. 7.8 million tons of the stripped 
ruck ~veraging 0.2% copper were td be heap leached, and the 
ore w~s to be treated in an agitation leach plant. 80% copper 
recovery was assumed for the agitation leach and 30% for the 
he~'lp lctlch. l'ii thin the limi ts of the assumutions made the agi t-
.l lion /hcwp leach method rnigh t provide an a~nual net cash flo\'1 
(if ~lb~u~ S1.6 mil.lion, a payback period of 3.75 operating years, 
'l:~d . ~t d~scountcd rate of return (equalizing rate of interest 
L.1~~~, .or ERr) of 15~. A measure of profitability under favorable 
CO~~lt1ons is thus indicated. However, the need for additional 
{'~~pl<:::-,:tion, development, and met"":tllurgical analysis to provide 
t~a"" lf1: orm~ltion for a more accurate · feasibility estimate is 
~elf-cvidcnt. . 

.~-.'--- -
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2. 

A potential for additional reserves on the Hassayampa 
and adjacent property has been indicated which, if developed, 
would enhance the profitability of the projected operation. 
Projected increases in demand and the cost of pollution controls 
on smelters suggest that the price of copper may rise in the 
next few years. Electrowon copper can thus have a distinct 
economic advantage over smelter-produced copper. The Hassayampa 
deposit, depending on the results of further investigation, 
could be made into a viable mining operation and benefit oy 
the projected increase in the price of copper. 

April 19, 1972 

---. -~- -" 



3. 

Introduction 

A preliminary feasibility study of the Hassayampa copper 
deposit was made at the request of R.F. Hewlett, President of 
Sierra Mineral Management, of Tucson, Arizona. This study is 
a trial run ~o determine the economic conditions under which 
the Hassayampa deposit might profitably be mined based upon 
estimates, furni~hed by Sierra Mineral Management, of grade, 
reserves, stripping ratio, and character of the ore. Reserves 
were stated (see attached table~ from Sierra Mineral Management), 
from limited drilling, as 7.77 million tons of 0.5% Cu at a 
stripping ratio of 1~72:l. The ore has been described as con­
sisting primarily of chalcocite coating and replacing pyrite 
and minor amounts of chalcopyrite. 7.35 million tons of rock 
averaging 0.2% eu have also been estimated adjacent to or over­
lying the are, in addition to several million tons of +0.2% rock 
underlying the are. Cash flOvl calculations assume that 7.8 
million tons of rock averaging 0.2% Cu will be stripped for 
access to are and pit control, and sent to the leach dump. 

A visit to the Hassayampa property was made on March 
28, 1972 to ' examine the terrain and general geologic features . 

. The formulation of detailed mining and extraction plans 
was considered but deferred as the data upon which to base 
these estimates are not yet available. 

Extraction Methods 

Several methods of extracting the copper are technically 
possible, including the fbllowing: 

a) Leaching in place and precipitation or LIX-electro­
winning of the copper in solution. 

b) Mining the are, placing it on a leach dump, and 
extraction of the copper from solution by precip­
itation or LIX-electrowinning. 

c} Mining the are, sending +0.4% Cu are to an agitat­
ion leach plant and +0.1-0.4% eu rock to a leach 
dump, and extracting the dissolved copper by LIX­
electrowinning. 

• . __ ._ .. ---- . r 
I 



i HASSAYAr;PA LEACH OPEN PIT 1;., . .. . 

f + .40% Cu 0.2 - 0.4% Cu -0.2% Cu 

f ~~~:~ Tons Grade Tons Grade Tons Grade -.- . -~ 

~.! )'l 

{ ! )75 

S 15-') 85,000 .29 

i- S]?5 235,000 .53 

!, J~1 365,000 .44 

1 S?75 835,000 .45 

l 5250 535,000 .23 1,005,000 . 11 

400,000 .46 850,000 .25 1,175,000 .10 \ !·?25 

1 ~i '1r) 750,000' .46 1,010,000 .25 580,000 .05 

~175 1,565,000 .59 445,000 .22 140,000 .05 

} SlSti 1,640,000 .55 505,000 .24 155,000 . 13 

• ~125 1,980,000 .44 1,560,000 .24 

~10a 2,O80,O()O .29 530,.OOl) .1'6 

J . ~r!75 .. 1,330,000 .25 

J 
~O5~ 5R5,OOO .33 

~n25 430,000 .33 

r 
~1):)3 305,000 .34 

7,770,000 .50 9,720,O()O .27 3,640,000 ~ 10 

f 
SUN~~ARY 

J f~ut-Off Tons Grade . Sr 

i 
0.00 21,130,000 .325 -0-

0.20 17,490,000 .372 .208 
t 

~ 
0.30 9,090,000 .476 1.32 

O.4f) 7,770,000 .500 1.72 

r' -'-'-~"- _. ~ 

( 
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4. 

Copper precipitate could be sent to a smelter, or ,could 
be smelted on the property using a small smelter designed by 
Cerro Corporation to treat precipitate copper. Precipitate copper 
has at times been considered undesirable by some smelters owing 
to dust problems but, being sulfur-free, can be smelted with 
little or no air pollution in contrast to standard sulfide are 
concentrates. Recent smelting and refining charges have ranged 
from 7¢ to 9¢ per pound of copper on a toll basis, and the net 
smelter price per pound of copper in precipitate concentrates 
has been reported to be 8¢ to 14¢ less than the quoted market 
price for refined copper. 

The capital and operating costs of pollution controls 
which have been or are being installed in the smelters may 
result in higher smelting charges. Recent industry estimates 
(Dr. W. C. Lacy, oral co~~unication, 12/71) of the sillelting 
cost increase due to pollution controls have ranged from 4¢ 
to 20¢ per pound of copper, depending upon the severity of 
the controls imposed. 

Data provided by Cerro on the precip smelter indicate 
that a small smelter capable of treating one ton per hour of 
copper precipitates might be constructed for $100,000-$150,000 . 
T~e resulting blister copper might be sold for between 5¢ and 
l2¢ under the price per poulid for refined copper, depending 
on the buyer. Operating costs for this smelter, with 90% recov-
,ery, might be in the range of 5¢ to 10¢ per pound of recovered 
copper. There might be a small cost advantage, depending on 
specific conditions, in producing blister copper on the property 
over shipping concentrates to a smelter. The greater advantage 
of having a precipitate smelter is in not being dependent upon 
the ability or willingness of a given smelter to accept precip 
copper. Pollution control requirements have reduced the already~ 
strained capacities of existing smelters in recent months, forc­
ing the stockpiling of concentrates and, in one case, the shut­
down of a major copper mine {Esperanza, south of Tucson) for 
lack of smelter capacity. In any case, the precip-srnelter-refin­
ery -route reduces the profit margin substantially. 

A LIX-electrowinning plant of sufficient size to treat 
the H~ssayampa are can be constructed fora capital cost of 
2-4¢/pound of recovered copper (vs. 3.S-S¢ of iron/lb of -recovered 
eu in precipitate) depending on the grade of the ore and amount 
of copper produced. The production cost for this method is 
reported to range frow 3¢ to 5¢ per pound of recovered copper, 
depending on ~hc size of the facility. Recovery is reported to 
be close to IOO~ of th2 copper in solution. The resulting elect­
rolytic copper can be Inarkcted, at or slightJ.y -bclo~\1 the quoted 
pticc for refined copper, to a wide r a nge o~ cansuners. Thus 
the -profi t margin for the LIX-electro\vinning l.'-6ut-e is greater 
than that r6r the precipitate/smelter/refinery route. 
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Leaching in place and heap leaching may not require as 
high a capital expenditure as that for an agitation leach plant. 
However, recoveries for thes~ methods are in the range of 30% 
to 50% of the leachable copper in the rock arid a ·period of months 
to years is required to effect recovery. The retention time for 
agitation leaching is a few hours at I11ost, and recovery can be as 
high as 95%. 

Solutions from in-place or heap leaching would have a 
lower copper concentration than solutions using the agitati0n 
leach method, thus requiring a larger LIX-electrowinning plant 
for the same rate of copper production. Hence there night not 
be a significant capital cost reduction for heap or in-place 
leaching unless precipi tates \'lere produced. Ho\·!ever, the cost 
of iron per pound of copper is more or less equivalent -to the 
capital cost of a LIX-electrowinning plant, and the precipitate 
concentrates have the additional burden of smelter plus refining 
charges. 

General considerations suggest that a combination of 
agitation leaching of are averaging 0.5% eu and heap leaching 
of rock averaging O. 2% eu (overbu rden) Hi th LIX-elect::-ofdinnir..g 
of th-e ret~ul ting. s.olu.tions raay provide t-he . largest annual net 
cash flow of the different metho~s discussed. This combination 
extraction method is therefore used in the trial run of econ­
omic feasibility which follows. However, leaching in place 
with precipitate or electrolytic copper production could have 
merit depending on the results of leaching tests, and may warrant 
further investigation. 

Economic Assumptions 

Available data are insufficient to make a precise evaluat­
ion of the economic feasibility· of ~ining .the Hassaya~pa deposit. 
1-1ore drilling is required to. prove up the reserves,- grade and 
stripping ratio; acid consu~ption, mininum grinding required 
for effective copper extractiort,and the a nount of leachable 
copper as a percentage of total copper are not presently known. 
Consequently this study is based upon a series of assumptions, 
which are outlined belo\v. One of the most critical assumptions 
is the potential operator's ability to hold capital ~nd operating 
costs to a mini:llum. There is Ii ttle or no contingency factor 
in the calculations which follow. 

Sources of cost data used to estimate various individual 
costs in this report are: 
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6. 

surface Mining, by E.Pi P~leider, AINE, 1968 
R. Medhi, Bagdad Copper Corporation (acid and iron costs) 
G. Roseveare, Ariz. Bur. Mines, Tucson, (grinding costs 
and acid consumption) 
Cerro Corporation (copper precipitate smelter) 
Recent analysis of existing operations (agitation leach 
costs) 
J. Dorlach, General Mills Corporation, Tucson (LI~­

electrowinning capita l and operating costs) . 
D. Rabb, Ariz. Bur. ~l ines, Tucson (acid & iron costs and 
availability) 
G.W. Irvin, Ariz. Dept. Mineral Resources (Arizona Taxation) 
v. Dale, Ariz. Dept. Property Val.uation, Phoenix (Arizona 
Taxati0!l) 
possible Effects of Tax Equalization on the Mining Industry 
of Arizona, by G.H. Irvin, unpublished M.S. thesis, 1968, 
University of Arizona 
Mining Equip~ent Salesmen (equipment purchase, owning, 
a~d operating costs, and performance data) 

Capital requirements have been estimated from existing 
agitation plant · costs and fr60 data provided by J. Dorlach of 
General Hills on LIX-2lectrowinning plant costs. Dorlach has 
stated that the cost of a LIX-electrowinning plant may be reduced 
to one-half or one-third of that of a turnkey installation by 

. independent equipment purchase a~d contracting of the installat­
ion, or installation by the oFcrator. The cost of an agitation 
leach plant can ' be much higher than that estimated here, if an 
elaborate turnkey installation is made with outside engineering 

. services. 

Below are the assu~ptions made for the cash flow calc­
ulations . . 

1. 7.8 million tons ,of O.5%Cu, stripping ratio , 1.72:1, 
including 7.8 million tons averaging 0.2% ' eu of strip rock. 

2. O.5%Cu rock sent to agitation leach plant, 0.2% 
rock sent to heap leach, copper solutions processed by LIX­
electrowirining to produce electrolytic copper. 

3. Mining by open pit, using truck/~heel loader com­
bination. 

4. Plant within 1/4 mile dbwnhil1 from the open pit. 

5. Water is reasonably available. The water table is 
at or ncar the botto~ of t h e v a lleys, and diversion da~s should 
be constructed to ~void flooding i; the mine area. These dams 
may also serve for water storage, and furnish part or all of 
the water required for ths opcrution. 
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6. Mining 3 ,' shifts/day, approx. 3600 tons of rock/shift, 
4000 tpd are, 350 days/year, 5.6 year operating life (60% operat­
ing rate first year) . 

7. ' Mobile equipment leased, drilling & blasting equipment ' 
purchased second-hand. 

S. Mining costs: 

Drilling & blastirtg 
Loading 

- Hauling 
General 

+ 10% (inflation) 
+ leasing cost 
Total Mining, per ton 

" 

$0.06 
0.06 
0.05 
0.07 
0.24 
0.03 
0.11 

$0.38 

cost/ton of ore, 1.72 S.R. $1.03 

Mining cost is from "Surface Mining", ' pp.874-896, 
average of diffc::-2'lt operations, Clnd inclp.des operating and 
r.1.:lintenance costs. "General" c:)st. is average of 15 mines and 
includes labo~ overhead, developnent drilling, pumping, assays, 
office, supervision, etc. Leaaing cost estimate is based on 
allowing lessor a reasonable profit under competitive conditions. 
Depending on specific negotiations and equipment this cost could 
be higher or lo\ver. The ut,ili.zation rate of the equipment is 
~~sumed to be 90% or better. A rough check of mining costs was 
~adc using manufactu~er's owne~ship and operating cost estimates , 

. u~ldcr ' specific operating conditions, + labor + leasing costs. 
This estimate resulted in a mining cost of $O.39/ton vs. the 
$O.38/ton cost used here. 

Most of the mines from which cost data were obtained 
~rc much larger than the projected Hassayampa operation, and 
De:nefit from the economies of large-seale ' operation. However, 
the lIassayampaoperation has generally a much shorter haul 
distance \'lhich is largely dO\'lnhill, in contrast to the other 
r:incs.Furthermore, the equipment utilization rate was quite 
low for some of the mines whose costs ~ere used in estimating 
the cost for the Hassayampa operation. 

The plant site is assumed to be located topographically 
!Jelow most of the ore \vhich is in the surrounding hills. The 
area is highly dissected, with steep slopes/and the low mining 
Cost assumes that up to 25% of the -waste overburden may be 
Llasted, or blasted and dozed off, the tops of the ridges to 
roll dO\'ln and fill t.hc aCijZ1ccnt gullies \-lith little furth(:r 
Ihtlldling. -Some of the partly .... filled gullies could then be 

-: . . ,. ~ 
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~~~COjrcd as leach pads. Part of the leach rock.and ore could 

~~~~l~rlY be b~asted and allowed (or aided with a dozer) to 

'011 off the r~dges to the bottom, reducing the haul distance. 

:1' ~ of the waste would be used in diversion/storage and settling 
... 1 -. . 

F . .Jr.t.l dam ~onstruct~on, and in constructing level sites for plant 

1::5tallat .lon • 

A small part of the near-surface rock may be rippable, 

.. :hich could reduce the mining cost .some\'wThat. However, this 

~~s not considered in the present calculation . . 

The attached map from Sierra Mineral Management shows 

the area of the proposed pit, cn a scale of one inch = 500 feet. 

Holes drilled in the pi t area are shown as circles \vi th crosses. 

In the present study the plant site is assumed to be located in 

the 10\-1 area southwest of the pi t; \Vaste and leach material would 

be deposited in the gullies north and east of the pit, and ~he 

~ettling pond(s} would be located in the .main draw south of the 

pit, below the plant site. 

Depending on the equipment· selected, the figures for 

loading and hauling :r.1ay vary, but the overall rock moving cost 

should remain the same, approx i mately. Proper selection and 

scheduling of mobile equipment for minimum turnaround and haul 

time with maximum loads and utilization rates is critical io 

the mining cost. Inefficient . equipment management can sharply · 

increase ·the mining cost. 

9. Acid cost $25.00/ton delivered from Bagdad, or 

$O.0125/lbi 2 lb acid/lb eu recovered required. 

10. Solvent extraction/electrowinning cost $0.03/1b · 

recovered eu (per J. Dorlach, General Mills). 

11. Overall eu recovery (90% recoverable, approx. 90% 

recovery) 80% from agitation leach, 30% from heap leach (ignor­

ing for now the variation in recovery rates and overall recovery 

wi th time). 

12. Agitation leach cost/ton of ore, based on scale-up 

from existing operations and assu~ing low crushing and screen­

ing costs, coarse grind: 
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Acid 
Crush & Screen 
Slimes 
Plant Maintenance 
Water, Air, Power 
Assays 
Plant Administration 

Total 

$0,.20 · 
0.50 
0.25 
0.20 . 
0.10 
0.06 
0.12 

$1.43 

13. Leach Dump costs, per ton: 

Preparation & Collection 
Acid 
Misc. 

Total 

$0.04 
$0.03 
$0.02 
$0.09 

14. LIX-e1ectrowinning cost per ton, 
recovered: 

Ore $0.24 
Leach Dump $0.04 

@ 

I 

I 
I 

I 
\ 
I 
\ 
I 

. \ 

9. 

$O.03/1b eu 

15. Overall cost and pr.ofit per ton of ore @ $0.52/lb 
(J~ recovered coppeX': 

Ore: 0.5% Cu, 80% recovery @ $0.52 = $4.16 Gross 
Leach Dump: 0.2% Cu, 30% It II = $0.62 Gross 

Operating Cost, Ore 

Mining (1.72 s.r.) 
l~g ita tion Leach 
Lix-Electrowinning 
Overall administrat­
ion & sales 

!~et p.er ton 

$1.03 
1.43 
0.24 

0.20 
$2.90 

$1.26 

Operating Cost, Leach Dump 

Extraction 
Lix-Electrowinning 

Net per ton 

$0.09 
0.04 

$0.13 

$0.49 

Cor~ined operating net, ore & leach. ~ump ; · $1.75/ton of ore . 
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10. 

, I 

16. .Development drilling and startup 

$0.5 million. 

cos'ts, expensed, 

I 
I 

17. Capital costs (independent purchase and contracting 

construction, used equipment \'lhere feasible, assumed): 

LIX-Ele~trowinning plant 
Agitation Leach Plant(incl. ponds) 
Mining Equipment 
Misc. Facilities & vehicles 

11ater Supply 

$1.6million 
2.4 : If 

0.5 1 
If 

0.4 II 

0.25 
Total $5.15 If 

18. Straight line depreciation of plant over 6 years. 

19. Ad Valorem tax. This tax is based on 60% of the 

full cash val~e of the operation, at county/state tax rates. 

The ·tax rate has varied from year to year and the estimate of 

. the full cash value has been the subject of some negotiation. 

The average ad valorem tax in 1963-1965 was $4.87 per 

$100.00 of assessed value (60% of full cash value). The frill 

cash value is the total net after tax earnings of the operation 

plus depletion and depreciction, discounted (Hoskold formula) 

over the life of the op.erc:ti.on at a 6% safe and 10% risk rate. 

The full cash value varies from year to year as it is re~om­

puted annually based upon previous and projected earnings. 

111 years of no production the assessed value (25%, cormnercial 

rate) of plant and property is taxed. Formal ad valorem tax 

estimates can become quite complex (per V. Dale, Ariz. Dept. 

Property Valuation) . 

. For simplicity, the full cash value in the present 

calculations was based on an average annual income of $1.66 

million for 6 years ($1.606 million + contingency for iricome/tax 

changes) discounted to a total of .$6.72 million. The assessed 

valuation (60% of FCV) was $4.032 million, which at a tax rate 

of $5.00 gave an ad valorem tax of $0.202· million \vhich vIas, 

again for simplicity, assumed to be constant during years 1-5 

of production. The rate for year 0 was assumed to be the 

,assessed value .of the capital expenditure. The ad valorem 

tax can vary substantially without drastically changing the ' 

cash flow estimate, and is not considered critical for present 

purposes. 

of 
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20. Property payments were capitalizedj on the assum~t­
ion that the property might ultimately be purchased. Payments 
through 1972 \~lere assumed to be $.25,000.00. Hir\imum annual 
pay~ents are $100,000 thereafter, with a 2.~% n~t smelter basis 
royalty on production. The roynlty is calculated here on gross 
receipts minus LIX-electrowinning costs. A slightly higher 
cash flow can be obtained by expensing the property/royalty 
payments. 

Cash Flow and Rate 6f Return 

The projected cash flow is shown on the attached work 
sheet. Calculations for the discounted cash flo\v, equalizing 
rate of interest ~ethod, periodic basis, are shown below. The 
projected and discounted cash flows are in millions of dollars. 
Tha cash flows for years -1 and 0 below consist of the capital 
expenditures -for those years plus or minus the net operating 
cash flOt'1. 

Year Cash Flow x 15% Factor = Discounted Cash Flo\v 

-1 (3. -225) 0.86957 (2.804) 
0 (1.575) 0.75614 (1.191) 
1 1.599 0.65752 1.051 
2 1.625 0.57175 0.929 
3 1.625 0.49718 0.808 
4 1.625 0.43233 0.703 
5 1.582 0.37594 0.595 

+ 0.091 

Discounted Cash Flat..." Periodic ERI Basis, slightly in 
excess of 15%. 
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i.a million tons is leach d~~~ ] 0.:1 C~, 30t. rccov..::ry 

(60% rate) 
Year · -1 (1972) 0 1 . 2 3 

6.692 
4.242 

4 

6.692 
4.242 

5 

6.50:;" 
4.121 ' 

Gross 
Dcvel/0per cost 0.200 

Operate Profit (0.200) 
Startup' cost (0.150) 

Loss carry-forward 

(0.350) 
2% sales tax on gross · 

Ad Valorem Tax 

4.015 
2.545 

1.470 
(0.150) 

6.692 
4.242 

2.450 

(0.350) (0.035) 

6.692 
4.242 

2.450 2.450 2 .. 450 2.380 ' 

0.970 2.415 2.450 2.450 2.450 2.380 ' 
0.080 0.134 0.134 0.134 0.134 · 0.130 
0.890 2.281 2.316 2.316 " 2.316 · 2.250 · 
0.065 0.202 0.202 0.202 0.202 0.202 
0.825 2.079 2.114 . 2.114 ' 2.114 ' 2.048 

, 
:: 

j . 

Depreciation, S/L 0.860 ' 0 .. 860 0.860 0.860 0.8GO 0.8GO 
(0.035) 1.219 1.254 1.254 1.254 1.188 , : 

Ariz. Inc. Tax 0.038 0.Q39 O.0~9 0.039 0.037 

1 
. I 

DCD_ctl.On -- ~ 

Fed. Inc. Tax, 48% 

·. Net After Tax (0.350) 
~j. Deprecio. tion 

(0.035) . 
o. 860: 

1.181 1.215 l.215 1.215 1.151 
0.590 0.607 0.607 0.G07 0.57~ 

~.591 0.608 0.608 0.608 0.576;! 
0.284 0.292 0.292 0.292 

0.307 0.316 0.316 0.316 
0.860 0.860 0.860 0.860 
0.590 0.607 0.607 . 0.607 

0.276 

0.300 
0.860 
0.575 . " ------------------+ Ds'p le·tlion .----:--. --- ____ . • 't 

/, 

Cc:. sh F1o\-: 

. p;;-opcrty . p~ 
N:S'.i' C]\SII FLO\v 

Co p. j~Pl·~i.~ nee 

p ~:ll;ac}' .. Period: 

(0.350) 
0.025 

(0.375) 

2.850 ' 

2 • ~ 

0.825 
0.100 
0.725 

2.300 

5.175 

1.757 1.783 1.783 1.783 1.735 
0.158 0.158 0.158 0.158 0.153 
1.599 1.625 1.625 1.625 1.582 
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Conclusions and Reco~mendations 

Cash flow cal=ulations indicate, within the limits of 
the <1ssumptions made in this study, a discounted rate of ret­
c~n of slightly more than 15% and an annual net cash flow of 
~~~~t $1.6 million. Whether or not this can be achieved depends 
en factors yet to be determined, as indicated previously. 

Additional reserves ffi2Y exist on the property, which 
!~.:!j not been fully explored I ~:::1d on adj acent land which . is 
r(":~ortcd to be favorable for ore. Reserves developed on the 
~J~acent land may be available for explbitation under an agree­
r·-.~r." bet\veen Sierra Hineral f.i2.nagement and the adjacent land 
(;'~:nt:!rs. Further exploration, and development of reserves, on 
Loth the Hassayampa and adjacent land is recommended. 

Acid' consumption, the percentage. of leachable copper 
to total copper in the rock, grinding necessary to achieve 90% 
or better recovery in an agitation leach process, and the per­
centage of copper which can be extracted (and time required) 
by heap and in-place leaching should be determined. 

The results of this work and development drilling will 
provide a more accurate b~sis for estimating the operating 
rL~l1ire.rnents and profitability of a mining operation on the 
Hassayampa copper deposit. 

The economics of mining different ratios of grade and 
tonnage of are to \\'Taste and leach rock should be studied, after 
the metallurgical studies recosm8nded above are completed. A 
different ratio of ore/leach rock/waste might provide a better 
profit margin. 

Industry predictions are that the demand for copper 
will increase relative to supply in the next few years, which 
n~y result in a higher price for copper. Smelter pollution 
control costs may also force tbe. price of" copper up, as long 
ilS the output of foreign copper producers ' is restricted by 
inefficiency and political turmoil. Should foreign competition 
beco~e too severe it i~ likely th~t tariffs would be imposed 
to put domestic copper on a more equal footing. Price incroas­
cs due to pollution control costs would work to the advantage 
of the proj ected Hassayanpa operation, vlhich \'lould not be dep­
cndcntupon the purchase of its copper production by smelters. 
The outl~ok, although not certain, is that future rising cop;?er 
prices may enhance the p~_q .. f.i .t.~bility of the projected HassaYC1r.1Fa 
operation, particularly;i~ (cid~i~ional reserves ar~ developed. 

/~.<~.';~i7 :: -~;'~~< ~<: :»" 
.~ ,',,::. ~ . / ,(..1'" '-;', ... / \ I '/~ 

';~-://.'t . , <.>\ . '\.t'" I 
r ,·:'\'i.i \\,C'"1(- S;-/U/":\ _-==::_.~. ~:.-:.-:--~.i[~ ~;~~.? ~ 

l 
~:..' ' \"\'t'~. /t" ;) Ii rrl10mas S. L~ye 
~ .1.~i 11 Consulting Geologist 

. ~ "~" .~; " '/ ·~" .. I'; 
~" ••• j •••• : ~~: . ~.~~.::: •• ; •• <:;. ~./ 
~.-: ;""" ~\ '. \' .. / .:,._' .I .-I'tn ~ ._ .... ___ ____ ______________ _ 

April 19, 1972 
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J. DAVI D LOWELL 
C:ONSUL. TING GEOLOGIST 

5211 N. ORACLE TUCSON, ARI ZONA 85704 

August 12, 1~71 

Richard F. Hewlett, President 
Sierra Mineral Management 
4747 East Sunrise · 
Tucson, Arizona 85718 

Dear Mr. Hewlett: 

PHONE 887-5341 

On August 2 I visited your Hassayampa project near Prescott, 
Arizona, in ·company with Jim Briscoe and J. W. Still. 

Since my last visit S.M.M. has corrected some of the geologit 
mapping and core logging which was done by Noranda and has also c·larified 
the r"and status of ·the· area. One hole has been completed by S.M.~1. which, 
together with results of several Noranda holes, suggests the existence of 

. a: partly dissected chalcocite blanket \\hich might constitute a medium-
sized mineable ore deposit. .. 

Drilling which is in progress to test the tonnage and grade of 
the chalcocit~ deposit has beeri systematically planne6 and w{ll give a 

. reasonably good picture of the deposit. If results are encouraging when 
these holes are completed you might consider a fence of relatively close­
spaced holes across the principal block of chalc6cite ore to provide a 
cross section shmving the profi Ie of the leached zone, the co·ntinui ty of 
copper values,and the distribution of oxide copper, etc. I would ;1lso 
reconunend that a 6" core hole be drilled through a representative cross 
section· of the deposit to provide a sample of coarse ore for heap leachi.ng 
testi.ng. 

! am less optimistic regarding the possibility of a deep, primary, 
ore-grade deposit after spot checkirig the core and revieHing the log of 
th~ lSOO-foot deep Hole 70-1. This hole penetrates into a zone of rela­
tively weak alteration and low total sulfide below 750 feet. This suggests 
that the strongly mineralized zone m~y have · the overall configuratiori of 
an overturned bowl which has been cut by erosion to leave a crude ring of 
stronger hypogene copper mineralization and chalcocite enrichment. Unless 
geol·ogic mapping suggests a structural reason such as flat faulting or 
tilting to explairi Hole 70-1, I do not think the prospect justiftes addi­
tional deep dri lling. It w.ould also be difficul t or i mpossible to operate 
a deep block cave mine without acquiring additional property. 

S.M.M.'s property situation is also a significant problem from the 
standpoint of a possible strip and heap leach operation on the chalcocite 
body , but I feel that this possibility is sufficiently encourag i ng to jus­
tify a good deal of work including metallurgical \.;ork and -preliminary 
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feasibility studies. Favorable factors are the apparent accessibility of 
the ore, the presence of chalcocite which is relatively easy to leach, and 
the presence of sufficient pyrite to possibly make the ore self-Ieachi?g. 

Yours very truly, 

J. David Lowell 

JDL:h 

._--_..-... --- _. 
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JAMES A. BRISCOE 
Vice-President & 
Chief Geologist 

Mr. R.F. Hewlett, 
President . 
Sierra Mineral Management ' ~ 
4741 E. Sunrise Drive 
Tucson, Arizona 

.' 

4741 EAST SUNRISE DRIVE 
SKYLINE BEL AIRE PLAZA 
TUCSON, ARIZONA 85718 
602/299-9736 

SUBJECT: Letter of Transmittal of Preliminary Exploration 
Report, Hassayampa Project, Yavapai County) Ari zona. 

Dear Mr. Hewlett, 

~1ith this letter I transmit to you the geologic and preliminary dril11ng 
report on the Hassayampa Project, Yavapai County, Arizona, preparec! by 
Nr. Nicholas R. Nuttycombe. Mr. Nuttycombe, a summer er:~ployee, supervised 
the project from mid-June until the end of September. His rather detailed 
report represents conclusions based on his geologic mapping, assisted by 
Mr. W.E. Speer, and geochemical rock chip and soil sampling done by Messrs. 
Mike Jensen and Tom Johnson. . 

Mr. Nuttycombe's geologic and alteration maps are v/ell done and are as ' 
accurate as the base topographic map permitted. Moderate soil cover over 
the alteration zone results in most contacts and fault locations being 
approximated. Intrusive relationships, except vihere drill hole information 
was available, were hard to establish. 

Geochemical rock .chip and soil sampling proved to be the most useful 
~ ore guide. Unfortunately because of slow sample return, much of our 

rotary drilling during the sum;ner vIas based on prelimin~ry sampling 
and hence some of the anomalies which are plotted on the maps accompaning 
this report should receive further drilling effort. 

Some of the drill hole assays ~'lere returned after r'1r'. Nuttycombe finished 
his report and the geologic and assay crossections (Appehdix A) wer~ 
cOr.1piled after he had terminated. Thus, he \,:as una\','an~ of some of the 
data ~'/hich is indicative of the small chalcocite ore body in the vicinity 
of RDH-6. This factor lead him to be more pessimistic than might have 
othervli se been the case. 

During the coarse of the summer, \'Je follo','!ed our usual policy and had 
our consultants exa!iline the property. EXCl:ninations \':2re mack ~y r·~eS$rs . 
Dave LO~':cil, Jack Still, and 01'0 ' Uil1ard ~~cy. 
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Mr. Sti 11 exami ned the eng; neeri ng aspects of the property and vias generally 
optimistic on the preliminary indicators of a·1m'/ grad~ leach operation on 
the property. A copy of his letter report on the examination is enclosed 
in this report. :. i 

. ,. 
. . i 

Mr. Lowell thought the preliminary indications of a leachable chalcocite 
blanket were of interest. He felt the lack of definite increase in c6pper 
grade of DDH 70-1 with depth was a negative factor in assessing the . . . 
possibilities of ore at depth on the property. The presence of a zone of 
secondary orthoclase exposed at the surface with a surrounding halo 
of increased but still sUb-economic copper values, he also felt was· a 
negative factor. Using the Kalamazoo deposit as a type example, the, presence. 
of 'the orthoclase zone at the surface at Hassayampa might indicate that . 
nothing different ",/ould be found at depth. A copy of his letter report 
is included in this report.. . : .. --.- . . 

Dr. Lacy visited the project in late August, \'/hen the drilling vias a 
little further along. He felt that the project was worth continuing . 
considering the dollar value of copper mifleralizatimwhich had been 
indicated at that time. He did feel that considering the low tenor of 
the mineralization, the contract vJith the property owners should be re- . 
negotiated to a more realistic level. This has, as you know, been 
accomplished recently. In examining the area in the vicinity of RDH-6 
(P1ate B-2), Dr. Lacy fel t the shattered nature of the rock was indi cative 
of the area being a zone of mega~breccia. This area contains the strongest 
molybdenum geochemical anomalies and drill holes indicate the strongest 
chalcopyrite prot re intersected to date.· For this combination of reasons 
the area of possible mega-breccia appears to be the best spot for a 
drill hole to probe for ·a deep ore .body (P-l, Plate B-1). 

. . 
. In·conclusion, at the time of this letter we have strong indications 

that a leachable chalcocite are body exists. Further test drilling, 
metallurgical, and engineering studies ~/il1 be necessary to determine 
its economics. The possibility for economic copper mineralization at 
depth exists and this potential has yet to be · tested. ·Data unfavorable 
to this hypothesis include: 1) the presence of a zone of secondary 
orthoclase at the surface without attendant ore grade chalcopyrite; and 
~) lack of increasing copper values in OOH 70-1 which bottomed at 1,500 

. feet. Data favorable to this hypotheses include: 1) apparently increasing 
alteration and mineralization with depth in.drill - holes P.D.-6, 70-3, 
and 71-3(?), 2. the coincidence of high molybdenum geochem anomalies and· · 
a possible zone of mega-breccia. . . 

I feel that we should proceed with the drilling of one deep test hole 
within the moly anomaly-mega-breccia zone at location P-l(Plate B-1). 
This hole should be dri1led \'Jith rotary equipment because of the speed 
of drilling, the cost saving and because the rotary cuttings \,/i11 give 
us the required information, ie. whether copper values are getting 
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higher \'tith depth. The rotary cutting information can be supplemented 
by spot cores taken at 200 foot intervals or ".,hen considered necessary 

'by the project geologist. If and \-,hen the cuttings assay over 0.2% 
copper consistently, the hole should be cased and deepened with NX size 
wire-line diamond tools. For a meaningful test of the properties depth 

. ,"potential the hole should be drilled to a minimum depth of 3,000 feet. 
Whether additional holes should be drilled will have to be determined 
from the results of P-l. Unless significant favorable results are obtained, 
the one hole should test the potential and no further deep drilling need 
be done. 

A bid from Boyles Brothers Drilling Company has been received which in­
dicates a rotary hole to a depth of 3,000 feet should cost approxim~tely 
$28,000. 

Very truly yours, 

.l~ ) -~,l--~ 
~mes A. Briscoe. . . 
Vice President 

JAB/vlc 

, . 

--- ~-. .. -: .. --
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R. F. HEWLETr 
Prelident 
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HASSAYAr1P,l\ PROJECT 

Prescott Area, Yavapai 
County, Arizona 

':i, • 

4741 EAsT SUNRISE DRIVE 
Sk'YLINE BEL ArnE PLAZA 
TUCSON, ARIZONA 85718 
602 / 299-9736 

A PRELIf~INARY GEOLOGI C AND EXPLORATORY DRILLING REPORT ON THE PROJECT 

Submitted To: James A. Briscoe 
Chief Geologist 

Submitted By: Nicholas R. Nuttyccmbe 
Project Geologist 
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SUr1MARY 

Within the Hassayampa area, Precambrian granodiorite, "aplJte" and 

meta-andesite (greenstone) have be'en intruded by 'a seq~ence of Laramide 

rocks of slightly varying texture and composition. Though the age 

relationships have not been definitely established, the sequence from 

oldest to youngest is presently considered to be - biotite quartz 

monzonite #1, porcelain aplite, biotite quartz monzonite #2, quartz 

latite porphyry, dacite (?), and andesite. If this sequence is correct 

it ;s the reverse of what is considered to be the normal differentiation 

sequence. 

Hydrothermal alteration and mineralization activity proceeded throughout 

most of the period of intrusive activity. This is reflected by decreasing 

intensities of alteration in successively younger (?) rock types which 

characteristically have less quartz veining and copper mineralization, 

but which may locally be strongly bleached and contain barren pyrite. ' 

Disregarding the effects of the young'er (?) rock types on the alteration 

pattern, the area 'as a whole does exhibit the classical porphyry copper 

alteration zoning. Secondary orthoclase flooding occurs centrally 

fol10\'Jedby an extensive area of clay-sericite-quartz alteration. The 

clay-sericite-quartz alteratlon is then encompassed by propylitic alteration. 

The total sulfide content is definitely 1m'Jest \'rithin the "corell area of 

:. . younger (?) rocks and the area of stronsest secondary orthoclase floo'ding. 

The highest sulfide areas are some distance from the 1m'l sulfide "core" 
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and their distribution forms a highly discontinuous ring pattern, 
! 

(Plate B-3). No distribution patterns of chalcopyrite volumes or pyrite 
\ 

to chalcopyrite ratios have been established. Molybdenite occurs throughout 

the clay-sericite-quartz zone, but no well defined associative relationships 

have been established for it either. 

The alteration and mineralization is fracture controlled to a large 

extent, but no dominate fracture directions were recognized. Major 

faults and fault intersections have controlled alteration to some extent, 

but generally no important increase 1n sulfide mineralization has occurred 

along them. Other notable str0ctures within th~ area are breccia pipes 

and a series of concentric ting structures which encompass most of the 

alteration area. The transition from clay-sericite-quartz alteration 

to propyl i ti c 'a1 terati on and the 1 arg,est area of brecc; ati on are spati ally 

associated, with the innermost of the ring structures. The breccia pipes 

1 oca 11y contain strong pyri te mi ne ra 1 i za ti on, but ' they a re cons; de red to 

be rather late features and do not appear to 'offer significant potential 

for important copper-molybdenum mineralization. 

Chalcocite has been encountered , in most of the drill holes, but it 

generally is not present below a depth of 200'. The shallow thickness, . 

sparse development, and presence of fresh sulfides at or near surface in most 

areas suggest that the area has been subjected to rapid erosion., If this is 

the case, a chalcocite blanket of economic grade and tonnage could have 

existed at one time, but was largely destroyed by recent rapid dm·m cutting 

. along the Hassayampa drainage. 

! • The limonites \·:hich are present are reflective of the rock types in . 

which they occur and the degree of mineralization. Due to the generally 
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low copper content, and the probable rapid erosion rate, no areal 

distribution 'of IIlive" limonite indicating the presence of significant 

chalcocite exists. 

The results of preliminary wide spread surface sampling indicate that 

both copper and molybdenum also have~ ring shaped distribution pattern. 

The larger areas of high molybdenum concentrations occur outside the 

"core" area and are spati ally associ ated vii th the strongest secondary 

orthoclase development. The areas of highest copp~r values are generally 

displaced from~ but spatially associated with the areas of highest 

molybdenum concentrations. This displacement probably reflects the 

greater mobility of copper in an arid supergene environment, but one 

~an reasonably expect that the tw6 metals are more closely related in 

'. the hypogene envi ronment. Some excepti ons to thi s general i zati on are 

of course to be expected. 

• 

CONCLUSIONS 

The age and nature of the Laramide intrusive rock · types, and the 

alteration and mineralization present in the Cumming's Copper Cr~ek 

area (Hassayampa Project) are all characteristic of porphyry copper 

deposits. With the proper erosional history an economic chalcocite 

ore body probably \'Ioul d have ex; s ted in the area today. Rapi d eros; on 

has either destroyed any rich pre-existing chalcocite blanket or precluded 

its development. The existence of fr~sh sulfides at or near surface 

in most places and the shallow water table sugges~ any chalcocite 

blanket in the area would be thin. The incision of the drainages to 

a depth close to the water table appears to have ~egmented the blanket 
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that does exist, further reducing the economic potential. This active 

erosional environment has resulted in the deposition of only a thin 

chalcocite blanket of marginal grade under present economic and 

technologic conditions. 

The possibility of hypogene mineralization of economic grade and tonnage 

existing at depth is questionable in light of what is presently under­

stood about the area. Surf~ce mapping indicates that a good cross-

section of the alteration and mineralization zones i~ exposed. Assuming 

. the mapping an~ interpretations are correct, it is the writers opinion 

that the same protore grades "lhi ch occur linear" surface 'Iii 11 conti nue 

downward maintaining the same zonal relationships. 

Several other bits of information should be considered, however, before 

the possibility of increasing grades "lith depth is ruled out. These are: 

(l) The fact that Phelps Dodge's drill hole #6, which was drilled to a 

depth of 1,236 feet maintained its copper grade w1th depth and even showed 

a slight increase in grade toward the botton, (Plate A-5). (2) The 

suggestion of a mega-breccia existing in the vicinity of the hammer drill 

hate HA #6 and (3) The definite increase in alteration and mineralization 

in 'drill hole #71-3, which collared in essentially unaltered andesite, 

but encountered increasing clay-sericite alteration,pyrite and chal­

copyrite mineralization and even some secondary orthoclase tm'lard its 

bottom at 452 I . • 

RE COr,n·1EN OAT IONS 

-_ . . .... . 

The best continuous molybdenum geochemical highs should be drilled on 
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. I 
100' centers to determine if the grade and thickness of chalcocite 

\ 

below them is sufficient for a small scale heap leach opet.ation. 

Depending upon what is encountered in the best areas other areas of 

lessor geochemical concentrations should or should not be ~rilled. 
'\ 

A deep test should be made somewhere within the broad molybdenum 

geochemical high. Ideally the test hole should be located on a strong 

anomaly somewhat centrally located within the broad high. It should 

be collared elevationally low, but not in the bottom of possibly fault 

controlled drainages and an attempt should be made to avoid drilling 

the hole in aplite. The depth to which the hole ;s taken should be 

largely determined by what it encounters, but 2,500 to 3,000 feet would 

be the minimum necessary to give new third dimension information. 

LOCATION AND ACCESS 

The Hassayampa (Cummings-Copper Creek) project area is located in 

Yavapai County, Arizona, approximately 9 1/2 highway miles southvJest 

of Prescott. Most of the area of interest falls within sections 23, 

24, 25 and 26 of Township 12 1/2 N. Range 3 W. It is reached by 

travelling sQuth\'Jest of Prescott on U.S. HighvJay 89 (Hhite Spar High\·tay) •. 

Further entrance into, the property, which lies immediately south of the 

highway, is made along either Little Copper Creek or Copper Creek road. 

PROPERTY STATUS 

Within the Hassayampa area Sierra Mineral Marta~ement and Norandex 
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control the following claim groups: (1) The Cuwmings group of 15 

patented claims, (2) The Dean Rose group of 16 patented claims, (3) 

The Peacock group of 5 unpatented claims, and (4) The S.M.M. group of 

12 (?) unpatented claims. Our competitors, Perry, Knox and Koffman, 

control the pattented Little Coppers #2 and #3 claims and the unpatented 

Oak group comprised of approximately 50 claims. A third individual, 

Douglas Stanford, holds 9 unpatented claims comprising the Silver King 

group. Five of the Oak claims are apparently in conflict with the Silver 

. King claims which ",ere staked earlier. 

The Cummings and Dean Rose claim groups held by Sierra Mineral Nanagement 

and Norandex are separated from one anothe~ by unpatented Oak claims and 

the patented Little Coppers #2 and #3. The Peacock and S.M.M. groups 

of unpatented claims join and extend south from the patented Cummings 

group. 

Claim maps prepared by Norandex and subsequently at the request of 

Sierra Mineral Management, by Jack Splane, indicated that a number of 

fractions existed .within the Oak claim group. Subsequent field checking, 

however, has indicated that these fractions do not €xist. The land 

status as recognized at the time of this writing is shown on the en­

closed land status map, (Plate B-1) • 
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PROCEDURES 

The surface mappi ng \'/as carri ed out us i ng a 1"=500' enlargement of 

the U.S.G.S. 15 minute Kirkland Quadrangle sheet. (Original scale 
i 

1:62,500, contour interval 50 1
). Notes describing the rock types and 

alteration were made at approximately 500 points throughout the area 

and hand specimens were collected at approximately 200 of those locations. 

The density of scrub vegetation and fairly extensive soil cover hindered 

and often precluded the accurate mapping of contacts or other continuous 

features in the field. Therefore, aerial photographs with a scale of 

111 =1,000' were used in conjunction with the field 'work to establish 

many of the contact locations shown on the map. 

The preliminary geochemical sampling \'/as carried out using the existing 

roadways for control. Samples were collected 100 1 on each side of the 

roads at 400' intervals. Additional samples were then collected ;n 

intermediate areas of particular interest; The sample locations were 

plotted on a 111=500 I topog raphi c base map wi th the new dri 11, roads on 

; t surveyed by compass and pace by Nr. Carson of Norandex. 

Rock chip samples '.'Jere collected \<Jhere outcrops \'Jere available. t~here 

they were not, soil samples were collected from below the organic 

surface horizon. In addition soil samples were also collected adjacent 

to rock chip samples for about 10% of the locations. These dual 

samples were used to establish conversion factors for the soil samples. 
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~ resulted in one soil sample having a copper concentration extremely 

anomalous with respect to those of surrounding rock chip samples. 

-.• 

Subsequent to the preliminary sampling all the indicated anomalous 

areas were sampled on approximately lOa' centers. A portion .of this 

sampling was controlled by brunton and range finder surveying. Most,. 

however, \-/as carri ed out by pac; n9 along contour 1 i nes. 

GENERft.L GEOLOGY 

The Hassayampaproject (Cummings-Copper Creek) area is a center of -

- Laramide intrusive activity with associated hydrothermal .alteration and 

-mineralization. Older Precambrian meta-andesites and granodiorite have 

been intruded by a slightly varying textural and compositional sequence 

of rocks of Laramide (?) age. The sequence includes monzonites, latites, 

dacites, and andesites \'Jhich occur together forming a composite stock 

. with a moderate N55°-S55°W elongation. The sequence as listed is the ass~med 

sequence of intrusion. If this is correct, each of the successive in-

trus ions was di s placed s 1 i ghtly north\'/es t\'Ja rd and sma 11 er than the pre-

_ ceedi ng one. 

Compositionally the sequence is the reverse of what would be expected 

from a normally di fferenti at; ng magma. - Thi s may be evi dence tha"t -the 

assumed sequence is incorrect. Other apparently contradictory relation­

ships exist on th~ geologic map which could be resolved if the sequence 

of intrusion was reversed. 
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Rock Descriptions 

Older Precambrian Meta-Andesite: This;s the oldest rock type pr~sent 

in the area mapped. It has been subjected to low-grade regional meta­

morphism and can now be classed as a greenstone. - It weathers readily 

to soil and consequently -outcrops are not abundant. Its presence, 
. 

however, ;5 indicated by -the nature of the 50;1, a characteristic soft 

topography, and extremely dense _scrub vegetation. 

Texturally the rock is fine to medium grained. Small lathl;ke feldspars 

are intergrown-with an olive green ~atrix composed of chloritized mafics 

and very fine grained feldspar. Locally the matrix content ;s so _~igh 

that the feldspars present are obscurea. 

The meta-andesite is in contact with the altered and mineralized biotite 

quartz monzonite, but it is locally altered only to the extent of being 

bleached. The mafics are always chloritized elsewhere, but this is 

primarily due to the effects of regional metamorphism. The rock has 

undoubtedly also experienced the propylitic alteration induced by the 

Laramide intrusive system, but the effects are difficult to distinguish 

from those of the regional metamorphism. 

In core from drill hole 71-4 the meta-andesite contains approximately 

3%. fracture controlled pyrite. M-any of the mine-ralized fractures exhibit 

secondary biotite and magnetite halos. Hhere the meta-andesite is ex- ­

posed in road cuts the 1imonites in fractures are medium to dark brown. 

Older Precambrian Granodiorite: The granodiorite is a medium to 

-• coarse grai ned equi granu1 ar rock \-/; th appJ:.ox; rna te ly 55:: p 1 agi.ocl ase, 

10% orthoclase, 15% anhedral quartz, 15% biotite, and 5% hornblende 
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It ;s by far the most abundant rock type in the Hassayampa Project 
j 
I 

area. Meta-andesite bounds it on the east and it has bee ~ intruded 

by the composite Laramide stock. 

Within the propylitic alteration zone the mafics are altered to chlorite; 

epidote occurs as thin fracture fillings; there is a small percentage 

of fracture controlled pyrite, completely altered to hydromica and clay; 

feldspars are less bleached and fine grained biotite aggregates with 

associated pyrite are commonly present. The biotite is possibly secondary 

and the pyri te' probab ly deri ved its i ron from the ori gi na 1 bi oti t~. The 

granodiorite also has abundant fracture controlled pyrite which required 

the introduction of both iron and sulfur. The total volume of pyrite is 

normally higher in the granodiorite than in the other rock types, probably 

• because of the two modes of development. 

Jarosite is the common limonite product developed in the grariodiorite. 

Ap 1 i te- Fi ne Grained Granodi ori te (?) : - Poss i b 11' tltJO di s ti nct ages of 

rocks have been grouped in this classification. The ' largest masses of 

r6ck mapped as aplite are believed to be closely related to the granodiorite 

and are probably Precambrian in age. These rocks ' are texturally similar 

to the granodiorite but are finer grained, have considerably less biotite, 

and are much more dense. The other type is normally found in smaller 

dikes, is even more fine grained, and the quartz ind feldspar occur in 

graphic intergrm·Jths. This s·econd variety may be younger than Precambrian. 

The aplites commonly have a bleached appearance both within the proplitic 

. • zone and in t he cl ay-seri ci te-quartz zone. I n the oxi dati on zone the 

feldspars are commonly ' stained red by hematite. The density of the aplites 
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~ render them rather unfavorably as ·host rocks unless they have been strongly 

fractured. 

S.Q.M.P. #1: This is assumed to be the oldest of the Laramide intrusive 

rocks. It is a biotite quartz monzonite porphyry \'/ith a fine grained ground 

mass. Mineralogically it contains 35% feldspar phenocrysts to 1/411 diameter, 

10-15% biotite in books to 1/4" thick, and 3% quartz tleyes lf to" 1/411 diameter. 

The groundmass in which these phenocrysts are set is very fine grained and is 

apparently predominately quartz and orthoclase. It may reflect chi11fng 

but appears more like a flooding alteration. ' The phenocrysts are commonly 

vague and ghostly. This rock also commonly contains approximately 3% fine 

grained pyrite well disseminated throughout the groundmas.s • 

.. ~ Within supergene environments the biotite of the rock alter to hydromica 

and the feldspars to clay and sericite except where protected by strong 

silification. Fresh biotite is not uncommon below the supergene zone and 

•• 

the feldspars are less strongly altered. 

Jarosite and light to medium orange brown limonites are the common limonites 

developed in this ' rock. · 

Porcelain Aplite: This rock type ;s not abundant and occurs only in 

dikes. The dikes are distinctive in that they commonly trend more or less 

east-west. Normally they are, as the name implies, porcel~in~like in appear~ 

ance. In some hm·/ever, a small percentage of vague quartz eyes and feldspar 

phenocrysts can be found. For that reason they are believed to be closely 

related to the S.Q.M.P. #1 • 

A small perc·entage of well disseminated pyrite is common in the groundmass. 

Later sulfides occur in fractures \·Jhich have very pronounced alteration halos 
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of quartz and sericite. In surface exposures the porcelain aplit~ is stained 

both by hematite and jarosite. 

B.Q.M.P. #2: This rock is similar to S.Q.M.P. #1, but lacks the fine 

grained chilled or flooded groundmass . . The feldspar phenocrysts, biotite 
. " 

books and quartz eyes are set in a finer grained feldspar and quartz matrix. 

Within the supergene zone the feldspar of this rock type are generally 

str.ongly bleached and the biotites are altered to hydromica. Jarosite and 

various shades of brown limonite develop after sulfides. Below the effects 

of the supergene environment the biotites are ge~erally fresh, but do not 

show evidence of being secondary. 

"Quartz Latite Porphyry: Much of what is considered to be the barren core 

of the composite stock is composed of this rock type. It is generally light 

pink to grey in color and has a fine grained to aphanitic groundmass of 

quartz and feldspar. 

The ~ulfide content in this rock averages less than 2% . . This low volume may ' 

result from its central position within the altered area or its dense nature. 

Whatever the explanation the rock is only weakly mineralized and bleached. 

Due to its paucity of sulfides limonites are, sparse to absent. 

This rock type has been a~sumed to be younger than the monzonites on the 

basis of its weak alteration and mineralization. 

Dacite (?) Porphyry: The dacite porphyry is composed of 60% feldspar 

• phenocrysts to 3/16" diameter and 15~j thin biotite books and flakes of the 

same diameter uniformly distributed throughout a finer graine'd" feldspar matrix. 

Free quartz is generally not visible to the naked ,eye. 
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The dacite(?) is in contact with the quartz latite porphyry and actually 
i 

engulfs breccia fragments of the quartz latite porphyry, as seen in diamond 

drill hole 71-6. This establishes the age of the dacite (?) as younger 

than the quartz 1 ati te porphyry. Some of the quartz 1 ati te porphyry brecc; a 

fragments also contain quartz-sulfide veinlets ~hich indichtes that the dacite 

;s younger than some of the alteration-mineralization. The dacite itself 

however, ~oes contain some fracture controlled pyrite. In surface exposures 

the rock is strongly bleached and softened and has a light orangish-t~n 

color due to , the presence of a soft orange ,limonite. The limonite may be 

derived to a large extent from the alteration of biotite. 

Andesite Porphyry: The andesite is a fine to medium grained porphyry 

composed of 70% feldspar, 10% hornblend, 15% bJotite and 2% magnetite. It 

\. ;s slightly porphyriti'c with approximately 20% of the feldspars obtaining 

a maximum diameter of 1/8". 

• 

There is very little evidence of alteration of the matrix and feldspar 

phenocrysts at the surface and evidence of only trace amounts of sulfides. 

However in drill hole 71-3, which is 452 1 deep, the alteration gradually 

increases in intensity with depth. Most is clay-sericite alteration of 

feldspars, but some secondary (?) orthoclase is present. The suTfide 

content also increases from 0.5% to plus 1% and some chacopyrite is present 

at depth. 

latite-Andesite Dikes: This group of dikes range in texture and mineralogy. 

They are grouped together because they are all considered to be late or post 

minera1 in ag~. r'~o'$t of ther.1 trend north~northeast. They can be found 

cutting all other rock types and they lack fracture controlled alteration 
. 

and mineralization. Some do contain disseminated pyrite, but this is con-

sidered to be syngenetic. 
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Basalt: The basalt is the youngest rock type wi"thin the area mapped. It 

is medium grey in color and moderately vesicular. Hell preserved surface 

features have been found locally v.'hich indicate that the material is a 

surface flow. It is undoubtedly related to similar basaltic flm·/ rocks of 

Quaternary-Terti ary age \vhi ch are found cappi ng" 01 der rocks throughout the 

Bradsha\·J mountai ns. 
STRUCTURE 

Ring Structures: The largest scale structural features recognized to be 

directly related to the intrusive center are a series of discontinuous 

concentric rings which ~re centered about the stock. The longest di~ension 

of the stock is approximately 4,000' and the approximate ring diameters are 

5,000', 9,000~, and 12,000'. 

The rings are expressed topographically and the innermost one has an ex-

'. tensive area of" br'ecciation, the, rapid transition from clay-sericite-quartz 

• 

to propylitic alteration, and the basalt flow spatially associated with it. 

The rings are undoubtedly related to the int~usion of the stock and probably 

d~veloped either as a result of doming and/or collapse. 

Stock Emplacement: The composite stock is elongated in a N550E-S5SoW 

direction and some of the wide monzonite dikes to the south have the same 

general trend. If the monzonites represent the fitst phases of the Laramide 

intrusive activity the trend of the stock and dikes could reflect the original 

controlling structural system. 

Faults and Dikes: There are two well defined structural trends of faulting 

and dikes within the area. The most pronounced of the two trends is N10oE . 

It is emphasized by the numer'ous dikes in the northeast corner of the area, 

but can be seen throu~hout the area. Offsetting of the east-west trending 
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porcelain aplite dikes in the northeast corner of the area indicates that the 

N100E system is one of right lateral displacement. Relationships between 

dikes ,and mineralization indicate that the zone was · active over a long time 

span. 

The second of the well defined structural trends is N2QoW. It is evidenced by 

the pronounced fault zone containing the composite dikes in the center of the 

area and the brecciation in the vicinity of diamond drill hole 71-6 and east 

of hammer drill hole HA #2. This trend was active subsequent to the intrusions 

of the monzonites and thequartz'a~ite porphyry, but is old enough to have 

controlled early diking and significant amounts · of alteration and mineralization. 

No sense of displacement has been determined fOr this set. In addition to 

these two dominate sets there are many other directions of diking and faulting, 

but no other definite sets have been recognized. 

Breccias: A number of areas of wide spread brecciation occur within the 

area mapped. The ·largest occurs in the west central portion of the area. 

In this breccia the ·size of fragments ranges from inches to tens of feet. 

Most are angular and reflect only shattering, but others are. rounded and have 

obviously been transported. This breccia is just inside the innermost of 

the encircling ring features and may have been generated by gas discharge 

along the structure. The fragments are all strong to intensely altered, 

but the breccia apparently only locally contains strong sulfides. Some of 

the fragments contain mineralized vein1ets of pre-breccia age. 

This general description holds for the breccias in the vicinity of and to the 

north of diamond drill hole 71-6 and to t hose east of 71-1. In drill hole --- - --- - . ---- . 

71-6 breccia fragments of quartz latitc porphyry containing quartz-sulfide 
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veinlets are engulfed by the younger dacite (1). 

! 
:.'1 

. .. \. 
i 

i 
I· 

I 
The breccia north of 71-6 and those southeast along the composite dike 

\ 

structure have apparently formed at structural intersections. The northern 

most one does have intrusive characteristics, but the other two may be 

entirely structural. The breccia zone east of HA #2 and its extension (?) to 

the southeast are probably dominantly structural. 

The area around hammer drill hole HA #6 is intensely broken with few through 
-

going structures. This may reflect another area of mega-brecciation. 

For the most part the breccias which appear to have an intrusive origin 

seem to be late features with respect to the mineralization. Strong pyrite 

is locally developed in some of them, but they are apparently 1m'l in hypogene 

copper. Drill hole P.o. #1 was drilled near a breccia dike containing 

abundant brochantite (?), but this mineralization p~obably reflects exotic 

mineralization localized by permeability.· 

Alteration and Mineralization 

The alteration and mineralization within the area ;s typical of porphyry 

copper deposits. Secondary orthoclase occurs centrally and is enclosed by 

an area of clay-sericite-quartz alteration. Propylitic alteration then 

extends beyond the clay-sericite-quartz altel"ation. The sulfide content is 

highest in the clay-sericite-1uartz zone and lowest in the central area of 

strong secondary orhtoclase. The alteration is apparently controlled to some 

extent by host rock or age, however. The core of the composite stock, com­

posed of qu ar'tz lati te porphyry, dacti e (?) porphyry, and andes i te porphyry·, 

is less strongly altered and mineralized than the surrounding monzonites 

. and granodi6rite. 
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Secondary Orthoclase: T\'/o extensive areas of orthoclase flooding and ' 

• veining have been mapped and are shOl·m on the alteration - mineralization 

overlay. Diamond drill hole 70-1 is located within an area of pervasive 

, orthoclase flooding in which the mineral has replaced up to 60% of the rock 

locally. Hammer drill hole HA #3 is located in the second main area of this 

alteration. Within that, area the alteration is less pervasive, but it is 

locally as strong. Secondary orthoclase veining and flooding also 09curs 

locally at many other points on the property. Some of the occurrences are 

indicated on the alteration - mineralization overlay. In addition to drill 

' hole 70-1 secondary orthoclase was encountered in holes 71-1, 71-2, 71-3 

and 71-8. 

Barren quartz veins are abundant within the main orthoclase zones and are 

obviously related to its ·introduction. The total sulfide contents are 

-exceptionally 10\'1 and no increase in the chalcopyrite to pyrite ratio 'was 

noted in the main areas of secondary orthoclase. 

Clay-Sericite-Quartz: The c1ay-sericite-quartz alteration is widespread, 

but its intensity is variable. On the surface most of the. rocks are strongly . 

. bleached, but below the supergene zone much of the feldspar alteration ;s to 

a pale green product which' is believed to be montmorillonite. ~Jithin this 

zone some of the biotites have been altered to hydromica, but a large per-

centage are fresh. 

Quartz Veining: Quartz veining is abundant throughout most of the area 

a veragi ng 5% by vol ume and 1 oca 1"1y approach i ng 30%. A va ri ety of types of 

• vet ns are present \'Jhi ch probab 1y refl ects di fferent agos of deve 1 opment. 

The types recognized are an early barren- stage \·,ith gradational boundaries, 

sharp walled . quartz-~oS2 veins, and sulfide veins wi th quartz-sericite 
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halos. These types have not been distinguished on the alteration overlay. 

• There are two main areas shO\'Jn on the mineralization-alteration overlay . 

in which quartz veins are rare. These areas are associated with a decrease 

in total sulfides and are considered unfavorable -for exploration. 

Secondary Biotite: Secondary biotite is present, but its extent is unknown. 

It is common 1n the granodiorite where it Qccurs as fine grained aggregate 

bunches with associated pyrite. Both minerals are apparently replacing the 

original biotite. Some also occurs with magnitite along pyrite filled 

fractures in the meta-andesite. The monzonites . often contain fresh books 

of biotite but this appears to be primary. 

Propylitic: The transition from' clay-sericite-quartz alteratlon to 'propylitic 

-. . . alteration is abrupt in most places. nn the \'/est and north sides it is 

~patially associated with the innermost ring feature~ 

Within the granodiorite the alteration 1S characteristized by chloritization 

of the mafics and the development of epidote along fractures. Some fracture 

controlled pyrite occurs in this zone also. The propylitic alteration is 

difficult to distinguish from the effects of regional metamorphism i~ the 

meta-andesite. 

.' -.• 
Sulfide Distribution: Surface mapping and induced polarization- surveying 

indicate that the distribution of sulfide mineralization is also of halo form. 

Throughout the clay-sericite-quartz zone the total sulfide content averages 

approxi ma tely 4S . Several areas of + 7% total sulfide contents have been 

mapped, however, and they also reflect a discontinuous halo distribution. 

The sulfide content is lm'lest in the core area of t he stock and in the area 
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of pervasive orthoclase veining and flooding. The sulfide content of the 

\'. core area as shown on the alteration - mineralization overlay averages less 

than 2X. 

The areas of strongest pyrite development occur in the granodiorite and in 

structurally prepared areas. Within the granodiorite the pyrite associated 

with the fine grained biotite probably formed during a period of introduction 

of excess sulfur. 

Chalcopyrite: Chalcopyrite is generally fracture controlled and associated 

with pyrite. Most of the fractures that contain cha l copyrite do have quartz­

sericite halos, but it also occurs in Jnhaloed fractures. Not enough information 

is available to determine distribution of cha"copyrite to pyrite ratios or any " 

definite relationship between molyb denite and chalcopyrite. In the areas 

that have been drilled to date the highest average primary grade encountered 

has been 0.19%, the average for the bottom 25 feet of hole HA #6 which is 

265 1 deep. 

Chalcocite: Chalcocite has been present in most of the drill holes, 

but it is generally present only as a very thin film on other sulfides. Its 

paucity ;n most of the holes can be attributed to the 10\-/ primary grade in the 

areas of the holes, a shallow water table and the ex i ~tence of only a thin 

oxidized zone within which the oxidation has not been complete. ft is conceivable 

that a chalcocite blanket of economic grade and tonnage existed in the area 

at sometime in the past, but was stripped by rapid erosion. 

. • Covellite: Covellite can be found in small amounts in surface rocks in 

many areas. -It has probably formed from the alteration of chalcocite, but it 

is not necessarily a good guide to it. It is apparently present mainly in 
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the near surface rocks and at times has chalcocite free pyrite immediately (t. belo'vl it. 

, Turguo;se(?): Turquo;se (?) or what is more probably allophane occurs 

• 

in small amounts throughout much of the altered area and is locally 

abundant. Most of the occurrences are in granodiorite, but some are in 

monzonite. It is by far most abundant on the hill that holes 70-2 and 

P.O. #3 were ?rilled on. On the south and east slopes of that hill turquoise (1) 

occurs as numerous fracture fillings and vein1ets to 3/4" thick. On the 

basis of the drill results it is obvious that its presence cannot be 

considered to"indicate the grade of copper below the surface. 

Brochantite: Brochantite is present only in the strongly broken area in 

the vicinity of drill holes P.o. #1 and HA #6. It is by far most strongly 

. deve loped ; n a brecci a di ke in the vi c; ni ty of P. D • . #1. The porous .brecc; a 

probably provided a favorable area for its deposition. 

Molybdenum Minerals: Molybdenite associated with quartz veins is quite 

widespread and easily found on the surface. , Its distribution has not been 

accurately mapped however due to the time that would be involved, and the 

fact that geochemical surface sampling does shm'l ' its distribution. In addition 

to molybdenite some ~errimolybdenite and akaganeite are present. Some of the 

molybdenum geochemical highs are apparently related to the occurrence of akaganeite 

and there is some eviden~e that it might be concentrating the molybdenum. 

limonites: Careful attention was paid to limonites while mapping, but 

no areas of significant size containing favorable l i~onites ~ere recognized. 

The only relationships which can be established are general ones between 

rock types and limonite products . . The most common limonite in the granodiorite 
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is jarosite. The feldspars of the aplite become stained red from hematite, 

but the fracture controlled limonite is commonly jarosite. The porce1aln 

aplite also becomes stained red by hematite. B.Q.M.P. #1 developed light to 

,dark orange browns and medium to dark red brown limonites. B.Q.M.P. #2 and 

the quartz latite porphyry are characterized by very light orange-brown 

limonites or the absence of limonites. Soft gold-orange ,limonite developes 

in the dacite (?). The latite-andesite dikes and the andesite plug d~velop 

medium to dark brown limonites. 

SURFACE GEOCHEMISTRY 

The distribution of geochemical quantities of molybdenum and copper in out­

crop and soil offers the best guide to better grade copper mineralization. 

The maps prepared from the preliminary vlide spaced sampling shoYI the same 

~ general circular distribution of copper and molybdenum as the surface mapping 

indicated for alteration and the induced polarization indicated for the 

sulfide concentrations. Within the general patterns there are highs which, 

hopefully, indicate better grade mineralization. Most of the holes drilled 

to date are peri,pheral to those highs and therefore neither prove nor disprove 

their validity. 

Detailed sampling on approximate 100 1 centers has been carried out in the 

areas of indicated anomalies to further define them. Preliminary results of 

this sampling indicates sizeable areas with irratic distribution of molybdenum 

values within the range of 100 to 300 parts per million. 

~ The copper anomalies correspond fairly \'/ell \·Jith the molybdenum, but are 

somewhat displaced from them. ' This is as should be expected on the basis of 

the difference in their mobilities in an acid environment. 
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A tot.al of 28 holes have been drilled on the property to date. The first 

• 6 were diamond drill holes put down by Phelps Dodge Corporation in the 

" 

• 

early sixties. Of thos~ h61es only one, PO #1, encountered potentially are 

grade mineralization, assaying 0.43% copper over 150 feet. It contains 

150' of 0.43% copper mineralization. This hole was spotted near or possibly 

on a porous breccia dike which containes abundant exotic copper~ All of 

the better grade mineralization is at . the top of the hole and from 153' 

to the bottom at 607' the assays are less than or equal to 0.1% copper. 

Except for PO #6 the remainder' of their holes are approximately 600' deep 

and none encountered potentially ore grade mineralization. Hole PD #6 was 

drilled to the depth of 1236'. It did not encounter potentially are grade 

mineralization, but did show a slight apparent increase in grade from 734' 

t.o the bottom. This increase is actually relative to the interval 234' to 

734' which averaged less than 0.1% copper. No geologic log is available for 

the hole, but the change in grade may reflect a change from aplite to grano­

dior;te~ 

Norandex diamond drilled eleven holes. Most of them are betw~en 4bo and 600 

f~et deep, but the shallowest is 138' and the deepest 1,500'. The deep hole, 

number 70-1, is drilled in an area of very strong secondary orthoclase. 

This strong alteration continues to approximately 700' ~nd then decreases 

abruptly and significantly, but then gradually increases somewhat toward 

the bottom of the hole. From 22' to 100' the copper content averages 0.27%. 

Below 100' there is only a couple of plus 0.2% copper intervals and the 

average grade decreases with depth until it is approximately 0.05% at the 

bottom. 
_ •• ___ --- - M ••.• • 



• 

• 

With respect to copper grade the best holes that Norandex drilled are 70-2, 

which averages 0.30% over the interval 59 1 through l30~ ; and 71-5 which 
. i . 

averages 0.29% over the interval 221 to 911. Both of these holes are peripheral 
. i 

to the best .moly geochemical anomaly subsequently defineq. 

Sierra Mineral Management has hammer drilled 10 and are drilling an eleventh 

hole at the time of this writting. The deepest, HA #1, went to 430'. The 

others are in the 200 1-250' depth range. 

The best holes drilled by Sierra are: HA #1, which averages 0.42% copper in 

the interval from 3~' to 195 1
"; and HA #6 which averages 0.35% copper in the 

interval 70' to 265 1
• Hole number HA #11 is being drilled at this time 

and averages 0.~8% copper between 501 and 80 1, th~ present bottom. 

Of the 28 holes drilled six contained potentially ore grade and thickness 

of copper mineralization. All but one of these, HA #1, were drilled either 

within or peripheral to the largest well defined molybdenum anomaly. Of 

these five only HA #6 and HA #1 were drilled subsequently to defining the 

anomaly and with the purpose of testing it. " 

• 



P~TROGRAPHIC ANALYSIS 
by HASSAYAHPA 

• C70-1 247' 
Or. Sidney Williams 
Phelps podge Corp. 

I 
\ ' . 

The specimen is'a quartz monzonite porphYfY with scattered 
pla~ioclase phenocrysts (which may be clustered together) set in a 

.' finc grained matrix of quartz and interstitial orthoclase. Hafites 
origin~11y were sc~rcc. The rock has experienced mild cpizonal 
alteration. 

• 

Pyrite and ch~lcopyrito occur along fr~cturcs with little 
qr no gangue. The walls of the fractures are rcpl~ccd by coarse, 
anhedral orthoclase which mJY be slightly perthltic. Siderite is 
sparingly present in the fractures and also replaces mafites. Coarse 
~nd euhedral sphene crystals have been 'replaced by leucoxene and the 

, plagIoclase throughout the rock is mildly sericitized. 
' Minerals are present in the following estimated amounts: 

quartz 18%, orthoclase 30%, plagioclase 44%, sericite 4%, siderite 
1%, 1euco.xene 1%, sulfides 1%, and traces of apatite~ 

C70-1 358.5 1 

The specimen is a quartz monzonite porphyry like above but 
the fabric shows evidence of mild shearing. TIle plagioclase pheno­
crysts are somewhat distorted and rounded in a xeno~~rphic-granular 
quartz/orthoclase matrix. The mafite probably was biotite. Epizonal 

. hydrothermal al teration has been notab"ly stronger than above~ 
The ' plagioclase is flecked with ankerite and coarse sericite. 

These minerals, along with accessory rutile, also replace mafites. 
Sulfides (chalcopyrite, molybden'ite, ' and pyrite) ' occur in quartz 
veinlets which carry ankerite and orthoclase. More orthoclase occurs ' 
in the vein walls, however, where at has replaced the matrix of the 
rock. 

Mineral ~er~entages are estrmated as follows: , quartz 13%, . 
orthoclase 30%, plagioclase ~O%, sericite 10%, leucoxene 0.5%, sulfides 
0.5%, ankerite 6%, and traces of apatite dnd zi~con. 

C70-1 626.5 1 

The spec ireen is a quartz roonzon i te wi th phenocr~r$ ts of quartz, .. 
plagioclase, and biotite set . in a chrl1ed, mrcrocrysta11rne matrix 

' of quartz and orthoclase. The rock has been mildly brecciated by 
late magmatlc movement as at 358.5'. Hydrothermal alteration has 
been mesozonal. 

The fabric is cut by Vein's of quartz, orthocl~se,' and ankerite. 
These have altered thei~ walls more strongly than the bulk of the ' 
rock. The plagioclase in the rock is flecked with sericite. Near the 
veins it has been strongly replaced by sericite with secondary biotite 
and minor ankerite. Orthoclase throughout the matrix is clean and 
recrystallized but shows an increase in grain srze only near the 
veins. Here it also rn::.Jy repla"ce the margins of plagioclase phenocrysts.· 
Sulfides (r:-otybdcnitc, chalcopyrite, end pyrite), '()it ho:':Sh clearly 
related to the vei'nIng, seem to prefer to b._~. drSSC~;linz:t~d _I.r!. _,thc , 
~ltcration envelopci~. . • . ' 

Minerals are present in the fellel/ling estir."i:lted ~r..ounts: 
qu~rtz 15%, orthoclase 38%, plagioclase ~3%, sericite 6~, b[otite 
4t. IcucOxcne 1%, sulfides 1~, ankerrte 1%, and traces ef apatrto. 
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C70-1 828' ". 

The specimen is a quartz monzonite porphyry with a :very fIne 
grained and chilled matrix of quartz and orthoclase. Hare abundant 
in this sample are quartz phenocrysts ~/hich also tend to be embayed. 
Other phenocrysts are biotite and plagioclase. Hydrothermal! alteration 
has been weak and epizonal. , 

The rock is cut by quartz veins which carry pods of subhedrai 
siderite and some sulfides, particularly molybdenite. Replacement of 
the vein walls by orthoclase occurs rarely and docs not ~ppreciabty 
penetrate the walls. A few veinlets carry only orthoclase but seem 
to be devoid of sulfides. Within the rock the orth6el~se shows no 
sfgn of recrystal1 ization. Plagioclase is speckled 0Jth sericite 
and b i ot i te~ ,~ho 11 y rep 1 Clced by litOn trr,or ill on j te Hi th G cees sory· 1 eu­
coxene. Rarely is siderite dissemrnated in the rock; when it , is it 
tends to be in altered biotite~ 
, Minerals are present Tn the, following estimated amounts: , 
quartz 21%, orthoclase 34%, plagioclase 36%, sericite and hydromicas 
5%, leucoxene 0.5%, su1frde~ 0.5%, and siderite 2~J and traces of 
apatite. 

C70-1 1482 1 
0 ' 

The specimen is a quartz ' monzonite porphyry; Phneocrysts 
are randomly oriented and are biotite, plagioclase, and slightly 
embayed qu~rtz. All may be broken but evidence of late ~~gmatic move­
ment is l~cking. The groundm~ss is micr6crystal1tne quartz and ' ortho­
cl~se. In a few cases plagioclase phenocrysts have been pertially 
replaced by orthoclase but this is a late magmatic effect. Hydro- , : 
thermal alteration has been virtually nil. . " 

Pyrite is sparingly disseminated throughout the ~o~k, ' and 
near these grains the biotite may be partly or wholly replaced by 
rrontmorillonite, sericite, ankerite, and leucoxene. Etse\'c'here it is 
quite fresh. Plagioclase is alrr..ost free of sericite. Sphene is all · 

' replaced by rutile and ankerite except in rare cases where sphene 
remnants occur i~ these pseudomorphs. Magnetite has been replaced 
byhema t i te. , 

Mineral percentages are estili".ateo as '£ollO'l/s: quartz 2lJ%, 
plagioclase 38%, orthoclase 29%, sericite 2%,leucoxcne 0.5%, sphene 
0.5%, su 1 fides 0.5%., b i ot i te lJ% J and traces of apa t j te ~nd magnet i tee 

C70-2 218 t 

The specimen originally was a sheared quartz monzontte porphyry 
with broken or granulated phenocrysts of plagioclase, quartz, and ' 
biotite , in a microcrysta1l inc quartz-orthocl~se matrix. Hydrothermal , 

,--' -alteration has been /i,esozonal and intense. . 

• 
Plagioclase is almost totally replaced (as is orthoclase) by 

fine grained sericite ans secondary biotite ~~beddcd in clays. The 
biotite has been replaced by rwats of secondary biotIte also. Sphene 
has been replaced ?y rutile. The ~lto'ratron is ' uniform ~nd not stron~cr 
along quartz-su lf (ck. veins which cut the 'f~bric. These carry both . 

- ' 
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pyrite ~nd ' ch~lco~yrlte (sJig~tly filmed with chalcocite and covcl1ite). · 
Allophane tcnes to be sc~ttcrcd in · tho fabric ncar . these veins; else­
where the cl~ys ore ~~olin. 

Mincr~l.pcrccn:~gcs arc c5trm~ted as follows: quartz 24%, 
orlhoclJsc 2~~ pl~giocla~e 8~. sericite 16%, clays ~6%, biotite 6%, 
sulfides 2%, rutile 1~. and traces of zircon. 

C70-2 328' .. 
The speci~cn is a'dacite originally composed of phenocrysts · 

of hornblende, plagroclase. and quartz in a microcrystalline matrix 
showing flowage align~ent. It has been subsequently intensely altered 
in the mesozon~. . 

. Th~ plagioclilse is liX)stly replaced by a mush of sericite . 
and various other hydromicas (inclusive of al1ophane). The hornblende 
is completely replaced by fine grained secondary biotite and sericite~ 
Pyrite is dissernin~ted throughout ' the fabric but concentrated in quartz 
veins which carry tr~ces of apatite. Alteration along these veins is 

. no different than elsewhere. . 
Minerals are present in the following esti~~ted·amounts: 

quartz 22~, plagioclase 18%. sericite, clays, etc. 45%, biotite 12%, 
. s.u 1 f ide s 2 %, rut i 1 eO. 5 %. and t r? c e S 0 f· a pat i t e • 

C79-2 346.5 1 

The specimen is a tonalite originally consisting of anhedral · 
plagioclase laths set in equally coarse, interstitial quartz. The 
rock was mildly crushed prior to mild epizonal K-rr~tasomatism. 

Porti6ns of the rock are replaced by orthoclase which has 
attacked the margins of plagioclase, then ·replaced it in toto, and . 
enters into a sort of graphic inte!growth with the rernarnin~ quartz. 
Plagioclase is flecked with sericite and ankerite. Mafites present . 
have been obliterated except for traces of rutile which suggest their 
former shape. Pyrite occurs along sinuous fractures with no gangue; 

. they are merely filmed with sericite. Sericite adjacent to the pyrite 
tends to be of coarser size. 

Minerals are present in the follo\'/ing estimated arr,ounts: 
quartz 32%, orthoclase 14%, plagioclase 45%, sericite 5%, pyrite 1%, 

. ankerite 2%. and traces of apatite and rutile. 

C70-2 522' 

The specimen is a tonalite composed of large equ~nt and sub­
hedral plagioclase with coarse granula~ interstitial quartz and 
hornblende c1nd biotite. Accessory ~ipat. ite arid Tii3gnetite Here con­
centrated in the mafites. Mesozonal hydrothermal alteration has been 
moderate. 

The plagioclase is slightly sericitized and only rarely re­
pl~ccd along the edges by orthoclJse. ihe :7,Jfites ~ ;- e t ;) tally rc:;daccd 
by matted secondary b~otitc and serici:e studded with t~e - original 
apatite grains. Pyrite g~arns are disseminated, especially in the 
altered mafites and do not occur in veinlcts which c~rry gangue, 
but do occur along healed ~ractures. The qu~rt2 Tn the rock shows no 
signs of recrystallization. . Of 

.. 



J 

1 
:1 
. ·o.l 

J. 
. '01 
oj 

o~ .e! 
o .'1 
:';''l 

., . .. . 
0 , 

0: of 0 

-:1 

~.'f 

::" . -. ;\ 

~ ;. 
0,1 

0; "1 
,. 

o 1 0,0 
.'0 

~. 

, .' 
~ . 

• 
O. , 

HASSAYANPA 

Miner~ls ~rc prescnt in the following estimated ~mo~nts: 
qu~rlz 12%, orthoclase 1~, plogiocl~~c 64~, sericito 4%. ;biotitc 
14~, sulfides 3Z, rutile 0.5~, ~p~titc O~5%. and tr~ccs 61 zircon. 

C70-3 10.]1 \ 

The specimen is ~ quartz monzonite composed of ragged pheno­
crysts of plagioclase set in () chilled, microcrystalline matrix of. 
quartz and orthoclase. All vestiges 'of the original mafites are 
~estroyed. Alteration has been mild and epizonal. 

Pyrite associated with the alteration is disseminated tn 
the fabric rather ~han rn the barren~ granular quartz veins which 
cut the fabric. No wallrock alteration along the veins can be'de~on­
strated. The orthoclase in ihe matrix looks fresh and, although it 
was undoubtedly stable during alteration, little has been added. 
There are a few small orthoclas~ crystal1oblasts, however. pra9ro~lase 
is feebly sericitized. . 0 

Minerals are present in the following estim3ted amounts: 
quartz 19%, orthoclase 4~%, °plagioclase 26%, sericite 9%, pyrite ~%, 
and t~acesof apatite, rutile, and zircon. 0 o. 

C70-3 319 1 

The speci~en is a quartz monzonite porphyry identical in 
texture and general appearance to that at 107 f

• In addition to the
O 

plagioclase phenocrysts, outlines of thin biotite crystals have 
been preserved despite the ' later K-~etasomatism. 

Pyrite and chc:dcopyrite teOnd oto occur in veins wh 'ich cut the _, 
fabric but they may also be disseminated. The veins consist of quartz,· 0 

orthoclase, and mfnor ankerite which have replaced the rock along 0 

fractures. Orthoclase in the matrix is fresh and shohs patchy in-
ci~ient cryst~lloblastic growth and replacement of plagioclase. 0 

Biotite has been re~iaces by wispy sericite wIth accessory leucoxene~ 
o The plagioclase is but

O 

slightly sericitized. 
Mineral percentages are estimated as: quartz 18%, orthoclase 

~8%J plagioclase 27%, sericite 2%, sulfides 3%; apatite 1%. ankerite' 
1%, and tra~es of rutile. 0 

C70-3 469 1 

°The specimen is a quartz monzonite ·porphyry with a texture 
like those abOVe. It too has suffered K-rretas~~atism but in this 
sample it is more pornounced. 

Orthocl~se has replaced the matrix to a slight degree and 0 

the newly crystallized orthoclase is somewhat enlarged and quite 
fres~. Along older fractures it has developed r~to larger crystals 
with the excluston of quartz and plagioclase. These replaced fractures 
ruay merge into orthoclase or quartz-orthocl~se veinlets. Pyrite and 
chalcopyrite tend to occur along slightly l~tcr fractures with no 
gangue. Btotitc h~s been repl~ccd by w[sp¥ sericite with accessory 
lcucoxcn~ . V~~re cTthocl~sc has been coarsened, there ~ay be inter-
stitial al1ophano. 0 

• 0 
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Mincrills are prescnt in the follo\-ling estir.'lClted amounts: quartz 22%, 
orthoclase 5S~, plagioclase 18%. scrici.te 2%, sulfides 2%, allophane 
0.5%, and traces of apatite. rutile, and zircon. 

C70-) 578 1 

The specimen i~ a qu~rtz monzonito porphyry liko those above. 
Phcnocryst~ or plagiocJase are equan~ ~nd scattered among thick 
biotite books and quartz in a mlcrocrystallrne quartz-orthoclase . 
matrIx. K-metasomatism, as in the sa~ple immediately above, is more 
advanced than higher in the hole. 
'. The matrix orthoclase sho~s some enlargement of grains, and 
it is very fresh. Along old fr~ctures and at the rnar~ins of plag[o­
clase grains it may be recrystallized as coarse anhedra with all of 
the former interstitial quartz excluded. Some of these replaced 
fractures are really veinlets with introduced qu~rtz and sulfides, 
as well. Sulfides also may occur where the vein gangue dies out and ' 
the vern bccome~ d string of aligned pyrite beads. Plagioclase is 

. . 

but slightly sericitized. Biotite has been replaced by ·sericite and 
smectite with accessory leucoxene. · Ankerite is most abund~nt in ~fites. 

Minerals are present in the fol1~1ingestimated amounts: 
quartz 20%. plagioclase 20%, orthoclase ~O%, sericite 4%'0 sulfides 
1%. ankerite 4%, apatite 0.5%, and traces of rutile. " 
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Mr. Richard Ilewlott 
Sierra Mineral 'Managemont 
4741 East Sunriso Drivo 
Skyline Bel Aire Plaza 

' Tucson, Ar1zons 85718 

Dear Sir: 

Hasaa.yampa-Coppor Creek 
Near PreDoott Arizona 

This letter conaiDts of my preliminary impressions gained 

during the brief reconnaissance with you, Ron Karvinen and 

Dave Carson on , January 20. 

Carnon had just arrivod and intonds to m~p the Dubjeot 

area. I bo11ove he ~111 do a very good job bocause he soemn 

a~reo.dy oxpor1cncod in dealing 'With those rock ' typoa and 

alteration types ~hich ch~ractcrlze porphyry copper deposit! • 

My present' opinions about oxploration poooibilitlo8 aro hedged 

a bit bocause I think Carson ~ill co~e up with definitive 

facta rather quickly. I would like to keep in touch llith 

Carson's work, and can later express ~ore positive opinion8. 
, ' 

Tho 8u-b ject pr-os'pect i 8 a good ,p-orphy-r -y copper/moly 

"dopooit", in contrast to the many doposits in the ~orld ~hich 

consiat only of d16seminat&d pyrite without nIl of the fo1-

lo~lng geologic criteria ~lch I consider important: 

(1) The deposit, or the area of bydrotherranl alteration 

111 th accompanying ~dr.'othormal 8ulphldes, 1a 5ub8tnn tin.l 

in lateral dloonslons. . --.-'-- - . 

(2) Tho altorod rocks appear mostly to bo Lnrn~lde 

Intruslvoo. 
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(3) A small quartz porphyry intrusive ~ith nphnnltic 

ground mass· and pro-mineral age is B oen 1'1'1 thin the zone 

ot alteration. This type of rock 1s found within all 

porphyry copper/moly deposits, and .thorefore it is an 
important feature. Usually, thou~~, hypogene oro 1s 

found in the roolca Burrotmdln3 thn t kind of porphyry, not 

within it. 

(4) The leachod outoropo and float · chow evidonce of the 

original exlatance of Borne copper sulphides along vd th 

dissominated pyrite. But nomere did I nee in my brief 

tre. verse any .. capping" mn terlal suggesting 0. "hot spot" 

of original copper sulphides of certain, good ore grado. 

Most of the outcrops and · float . seem~d to me to be in 

too t range where the rur.oun tn of or! gina1 copper s ulphlde 8 

between, say, .10 and .70% Cu oannot bo diff~r~ntiated 

with much assurance. 

(5) Wi thin the mineralized zone the a1 torn tlon i8 

generally strong. Except in the cnco of the quartz 

porphyry, original toxtures havo · beon mostly destroyed. 

(6) A couple of small breccia pipoBwere, seen. Thero 

may be more of them. ~ometi~es, though not nl~nYB, these 

pipes contain better-than-average copper/moly values. 

Breccia pipes nre almo~t always present in s good porphyry 

coppor/r.:oly p:.'onpoct; and thoir Ecre presenco in thin 

depos1 t enhnnc,)s its value as a pro:3pect, l.'h0ther the 

pipes carry bc<;tcr-thnn-c.vernge values or not. 

2 
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Even though all of these favorable geolcglc foatures 

are present, this prospect doeD not repl"oacnt a oinch, as you 

know. Although one should not quote race track odds, I would 

suggest that the ehanos 1s something like 1 in 4 thnt a viable 

ore body oan be found ulthin thin deposit nt a renGon~blo 

rlnancial risk. These nro pretty good odda. 

To date the location of drillholos baa been n mntter of 

qulckost flrot access--that is, along exiotont ronda or new 

ones easily constructed nlong canyon bottoms. Thin procedure 

was entirely appropriate because it l19.S partly guldod by IP 

and geochem data and bocause, to begin with, a feu drillholes 

were needed almoatanywhere within the deposit. From now on, 

however, drillholes should be positioned without rega.rd to 

any diffioulty or extra expense of building aocess rc~ds. 

The locations of neu drillholes should be governod by the 

early rC8~lta of Carsont~ reconnaissance and mapping. Roads 

ehould tmm~dlntely be cut into nny arons ~mlch CurDon rir~a 

Interesting--for ~hate~er geological roason.The mora ro~d 

cuts (tmich expo3e bedrock) ths botter. In fact, at thin · 

stage road outs within zones of appcu'ont better nl toratlon- . 

mineralization, but r.hlch are lsrgoly soil covered, ahould be 

considered as prospeoting trenches Imvlng, ponaibly, as ~uch 

value as drillholes. Such rond cuts u1Il oortainly facilitato 

tho matter-of placing early drillholon in the best locntionn. 

3 
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The rooulta of IP curvoya Ehould of cour.ve bo compnrod 

~lth geologic features r.a they nre mappod. but I doubt that 

the IP ul11 contributo much of value. Copper geochom reoults · 

(01 ther soil or rock chips) have to b3 evaluu tad with co.re be-

l. cause eoppor is so mobilo. J.!oly gooehom surfnco samples, 

i 
J 

however, sometimes prov1do better indication of the distribu­

tion of coppor valueD in the sulphido zona thnn the copper 

geochem trumplen do themDolvao. 

Drilling on this pros-poet ljhould be conduotod nct1valy. 

R i · . The prcnent pro~9nm of drilling ahallon, wide-npacod dr111holoo 

• 
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1s OK; but I would nntiolp~toJ baaod on my inspoction of a faw 

segments or oore and tho thin noctionreporta, thnt a pODs1blo 

vertioal zoning of copper/ooly vuluoa ~1111 becoms evident ooon • . . 

If eo, doop dr11lholen might beco~a dac1rable rather oarly in 

the projoct. 

.Youra vory truly, 

ltenyon Rioha.rd 

co: Hewlett - 3 extra 

KR:fw 
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