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~ology of the Helvetia Copper Deposit . 
Arizona 

The Helvetia copper deposit is a large 
.ldeveloped Laramide porphyry copper system 

.)cated in the Santa Rita Mountains, Pima 
County, Arizona. This porphyry copper system 
consists of four areas of copper mineralization: 
Rosemont, Peach-Elgin, Broadtop Butte, and 
Copper World. Asarco refers to the four areas 
collectively as the "Helvetia Deposit". 
Mineralization and alteration are primarily 
contact pyrometasomatic, and zoning of 
hydrothermal alteration and sulfide mineral 
assemblages are similar to those observed at 
the Twin Buttes and Mission copper mines 
located approximately 32 km west of Helvetia. 
Asarco acquired the Helvetia Deposit in 1988 
and has continued the exploration and 
development effort since then. 

A considerable amount of excellent 
geological work has been completed in the area 
but little information has been published on 
developments since the mid-1950's. The 
geology of the deposit as developed by 
numerous geologists over the past 75 years and 
the large, bulk tonnage low grade copper 
deposits outlined in recent years will be briefly 
reviewed in this paper. 

Location 

The Helvetia copper deposit is located 
approximately 50 km southeast of Tucson, 
Arizona, in the northern Santa Rita Mountains 
(Figure 1). It lies within the Basin and Range 
Physiographic Province at elevations ranging 
from 1402 m to 1890 m. 

Exploration and Mining History 

Copper mineralization may have been 
discovered in the Helvetia district prior to the 
Civil War, but no records are available for 
these early discoveries. The district has had 
a relatively small production of copper ore 
principally from underground mines. In the 
late 1880's copper ore from the district was 
treated at the Columbia Smelter, located on the 
west side of the Santa Rita Mountains, and the 
Rosemont Smelter, located on the east flank of 
the same range near the Rosemont Camp 
(Creasey, 1955). In 1903 the Helvetia Copper 
Company began operation and continued until 
1911. Copper was produced almost continuously 
from 1915 to 1951. In the 1940's, some 
disseminated copper mineralization skarns were 
mined from small open pits located in the Elgin 
area. Total production from the Helvetia 
District through 1950 totalled 227 300 tons of 
ore containing 17 290 000 pounds of copper, 
1 097 980 pounds of zinc, and 180 760 ounces 
of silver (Schrader, 1915; Creasey, 1955). 

After 1950, activities consisted mainly of 
exploration and development drilling. The 
Lewisohn Copper Company conducted a drilling 
program in the Peach-Elgin area in 1955 and in 
1956 outlined a possible open pit copper 
deposit in the Peach Hill area (Figure 3). 
Drilling in 1956 by American Exploration and 
Mining Co. in the Ingersoll breccia area, located 
southeast of Broadtop Butte, failed to outline 

an economic deposit. In the late 1950's the 
Helvetia Deposit was acquired by the Banner 
Mining Company, and a modest exploration 
drilling program was conducted in the area. 
During this Banner program, drill hole G-33 
penetrated the first significant porphyry 
copper mineralization in the Rosemont area. 
This hole contained a 300 m intercept of 
greater than 0.90% Cu mineralization. Anaconda 
Mining Company acquired the property in 1963 
and carried out an extensive mapping and 
drilling program. The vast majority of the 
modern information on the Helvetia Deposit was 
developed by Anaconda and Anamax personnel. 
Their efforts resulted in the delineation of the 
Rosemont area porphyry copper deposit, a 
major North American copper resource. The 
property was incorporated into the Anamax 
Mining Co. when Amax joined Anaconda in a 
partnership in 1973. Anamax sold the property 
to a real estate company in 1986 which in turn 
sold it to Asarco in 1988. 

Geology 

The four Helvetia copper deposits occur 
within a series of moderate to steeply dipping 
Paleozoic and Mesozoic sedimentary rocks that 
have been intruded by Laramide igneous rocks. 
Mineralization and alteration are primarily 
contact pyrometasomatic (Creasey, 1955), and 
hydrothermal alteration and zoning of sulfide 

LOCA TION MAP - HELVETIA COPPER DEPOSIT 
FIGlR 1 



mineral assemblages are similar to those found 
at Asarco's Mission mine and Cyprus Mining 
Company's Twin Buttes mine. The Paleozoic 
stratigraphic sequence, ranging from the 
Cambrian Bolsa quartzite to the Permian Rain 
Valley Formation, correlates well with the 
stratigraphic sections developed in the Twin 
Buttes and Mission mine areas. The Paleozoic 
rocks are chiefly limestone, dolomitic limestone, 
and quartzite; the Mesozoic rocks, primarily 
Cretaceous in age, consist of shales, sandstone, 
arkose, and impure limestone (Creasey, 1955). 
The thickness of the Paleozoic stratigraphic 
section in the deposit area totals approximately 
1828 m (Figure 5) (McNew, 1981). 

Two types of Paleocene intrusives cut the 
Paleozoic-Mesozoic strata in the region. One, a 
granodiorite stock, is found primarily in the 
western portion of the project area (Figure 2). 
The other, a moderate to strongly altered 
quartz latite porphyry, is closely associated 
with copper mineralization. The quartz latite 
porphyry is locally mineralized and strong 
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copper mineralization in adjacent skarns is 
considered to be genetically related to this 
porphyry. The principal alteration features in 
the quartz-latite porphyry are sericite and clay 
alteration of the feldspars, partial destruction 
of the mafics, and varying degrees of 
silicification. Limestones in contact with the 
quartz latite porphyry have locally been 
metasomatic ally altered to lime-silicate skarns. 
McNew (1981) has classified one of the principal 
components of the skarn as garnet tactite, 
composed primarily of andradite garnet with 
varying amounts of quartz, diopside, tremolite, 
serpentine, wollastonite, and vesuvianite. 
Endoskarn alteration is occasionally observed in 
the quartz latite porphyry. Garnet is the 
predominant endoskarn mineral, vesuvianite is 
locally abundant, and epidote occurs in small 
amounts at intrusive contacts (McNew, 1981). 
Occasional Tertiary lamprophyric dikes 
penetrate the area and the general region is 
underlain by Precambrian granodiorite 
(Figure 2). 

GENERAL GEOLOGY OF HELVETIA COPPER DEPOSIT 
(AF'1m KDREWE8 1 V.1PERRY) 
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Sulfide mineralization is considered 

.. t-contact pyrometasomatic alteration and 

.;curs in all of the altered sediments. While 

. 111 of the altered sediments are mineralized to 

some extent, higher grade copper mineralization 

tends to favor certain skarn horizons 

indicating that the original rock type and 

stratigraphy exerted considerable control over 

ore deposition. Drilling to date in the 

Rosemont area indicates that the Horquilla and 

Colina formations were far more receptive to 

copper mineralization than the other 

sedimentary formations in the Helvetia Deposit 

area (Figure 4). Primary sulfide minerals 

include chalcopyrite, bornite, and pyrite with 

chalcopyrite and pyrite predominating. 

Sulfides occur principally as veinlets, coarse 

disseminations, blebs, and clots within irregular 

lenticular zones lying in and generally parallel 

to the lime-silicate areas. Magnetite in varying 

amounts is found throughout the skarn zone. 

In the oxidized zone a considerable tonnage of 

copper occurs as azurite, malachite, cuprite, 

and chalcanthite. Minor amounts of silver, 

molybdenite, sphalerite, galena, and scheelite 

occur throughout the deposit. 
The total sulfide content of the deposit is 

relatively low, seldom exceeding 3% in the 

altered Paleozoic rocks. The sulfide content of 

the Mesozoic sequence is somewhat higher due 

primarily to an increase in pyrite content. 

Structure 

The structure of the Helvetia copper 

deposit area is highly complex. The rocks are 

cut by numerous faults including thrust faults, 

high-angle normal and reverse faults, and tear 

faults. Considerable folding of the sediments is 

observed throughout the area. 
A complex assemblage of thrust faults, 

high-angle normal faults, and tear faults 

follows the crest line of the Santa Rita 

Mountains in the Helvetia deposit area. This 

complex structural zone is known locally as the 

"Backbone Fault". The Backbone Fault zone 

forms the western edge of the east dipping 

block of Paleozoic sediments that include the 

Rosemont copper deposit. Post-ore faulting, 

principally high-angle normal and thrust 

faulting, has had substantial effects on all four 

mineral areas (McCurry, 1990). 
The Peach-Elgin is the most structurally 

complex of the four copper deposits. It is 

described in the literature as part of the 

Helvetia Klippe (Schrader, 1915; Creasey, 1955; 

Drewes, 1972). The entire Peach-Elgin deposit 

is underlain by a thrust fault that places 

Paleozoic and Mesozoic sediments and Laramide 

quartz-Iatite porphyry over Precambrian 

granodiorite (Figure 3). The Helvetia Klippe is 

considered by some to be the offset upper 

segment of the Copper World mineral area 

(Figure 2). 
Schrader, 1915; Creasey, 1955; and 

Drewes, 1972, have described the geology and 

structural environment of the Helvetia region 

and the reader is directed to these pu blications 

for additional geological information. 

Reserves 

Approximately 450 drill holes have been 

drilled throughout the Helvetia Deposit. The 

Rosemont area has been tested by approximately 

130 vertical and angle diamond drill holes . 

Based on this drilling a computer-generated 

reserve estimate was completed for the 

Rosemont copper deposit by Anamax in 1977. 

This estimate outlined a geological reserve of 

362 million tons of sulfide mineralization 

assaying 0.61% Cu, 0.019% Mo, and 

0.25 oz/ton Ag based on a 0.30% copper cutoff. 

In addition, 66 million tons of copper oxide 

mineralization assaying 0.53% Cu was estimated. 

Asarco is continuing to explore and define the 

Rosemont copper deposit, and there is little 

doubt that the ultimate copper resource will 

exceed these preliminary estimates. The waste 

to ore ratio will depend on the cutoff grade 

and pit design selected. Using the preliminary 

Anamax data, the waste to ore ratio is 

approximately 3: 1. 
The Peach-Elgin area has been penetrated 

by 81 churn and diamond drill holes. Based on 

a 0.40% Cu cutoff, a hand-drawn geological 

reserve of 23 million tons averaging 0.76% total 

copper has been delineated. Approximately 60% 

of this mineralization occurs as sulfides. If a 

0.30% Cu cutoff is used, the tonnage doubles 

and the grade is approximately 0.58% Cu. The 

waste to ore ratio at Peach-Elgin is less than 

3:1-
The current drill hole spacing in the 

Broadtop Butte and Copper World areas is too 

wide to accurately define a geological reserve. 

Opportunities to outline additional mineralization 

in these target areas appear good. 
Additional drilling will be required before 

a minable ore reserve and pit plan can be 

developed for the entire deposit. Based on 

current evidence, it appears that the Helvetia 

deposit contains a geological reserve of copper 

mineralization in excess of 500 million tons. 

Metallurgy 

A limited amount of metallurgical testing 

has been completed on samples from the 

Rosemont area. This testing indicates that the 

sulfide mineralization is amenable to 

concentration by standard flotation methods. 

These tests produced a copper concentrate 

assaying 33.5% Cu with payable precious metal 

credits (Barter, 1987). The sulfide 

mineralization from the other copper deposits 

should react to treatment in a similar fashion. 

A considerable tonnage of oxide copper 

mineralization is present throughout the 

deposit. No test work has been completed, but 

much of the oxide material should be amenable 

to treatment by SX- EW methods. 

Conclusion 

The Helvetia copper deposit ranks as a 

major skarn type porphyry copper occurrence. 

It is amenable to open pit mining methods, and 

metallurgical recoveries should be similar to 

those achieved at Asarco's Mission Unit. A 

significant percentage of the copper oxide 

mineralization present will be amenable to heap 
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leaching and SX-EW recovery. Asarco acquired 
the Helvetia property in 1988 as part of an 
on-going program to increase its domestic 
copper reserves. It is continuing development 
of the property as a 'resource for the future. 
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Dear General 'l'uthi ll: 
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, . i> .' . 
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o.f a mOiifH :y production of 1;0,000 pounds ofcoppa~. We 
aeni) Xioti.ces to all IAi.ningoom.:gatlies of ~ bulletin fl'om. your 
o,f;f1Ge .... ·lhioh instruoted .the LOdal Boards to r00orH~1der tb$ 
c.~~$s!f1Qat1on of all k;$.Y men in t'ha mining lndtmtry. ]~rQm 
tb. ao.t ion indlc'ated in: th.e t ,vo l11Eune:ranCium. repQrts 1'l; would 
seem a$ttioughpr()pal~ ()on-$ldara'tia.r.t 1.8 not heing gi ven to tbe 
mi:p.1ag indu.stry f .At least not in this part ie·ulaJ! (lase . 

We are doing our 'Q.tm.ost to $t.e:p \19 produet1on t,ll,:lilcl 'f;bls 
action and the a ation of the. local ]".<:rreneQ bo·era. dO$S not 
appear to 'be in line wi th '. th$' g~ne:r(~l 1o'(U t}tfQrts ~ 

M;r. Burney. the ltlt~xiageli' or the Helvetia Mining &.; Milling 
Q·oftlpany hal on advise from our ':Qapartman-t been cons,1der1tlg 
the applioation for an mrc Gan~':r~1;l ~1l'le. Loe,n t() lUore than 
doubl$ the :produetion of0opper from liiis: p:r(}1')$rtYf In 'V'lew 
of the aQ·t1on and . ~ondi tl011;S 'at thi$ P.r.pli8'l"ty 1 t looks as 
tbough we are· abou'0 t~ .loae: tba pre.sent .100. 000 PQ'Unds 0·'1 
oGp:pe~ p:roductlon per' 'lnQn,~h and else qadd1tlo-nal poten.t1al 
totmaga, of th$ Salne ~li6Uat. 

I would apPwQiate 'knowing j.U$'b what ~ttot10tl or- what 
!i$sistan.ce· we Qall b(tin :- t17'1n$ .to get th1-e $.1 tua't1on in l1na ~ 
With bost wi shea a:nd. klnd$-sl1;r:egara$ .• 

·'SOtba 
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instruotions tllf6Ul fIl l". F'ulbxd:ght'J ·en'e. locell 'board m~lm.beX" of ~h$ Sele0t.iva ' 
Ser\rj.ce s.t Flor~n¢~t . l.'he lOGal board. are pa.yiJl'5eti:(¥i~.t attentioll tQthe 
o1"o.$!"s from h&adquarte.rson. deterlrnl!·nt o f nti:ner~. It 1$ go ~lne; to be qui. ~·· ·n$ 
aea~%l.sa:t*y that Wfj oheakCft~r~f·ul.ly ~ll $'tm:t0Inen,t ·ar IIHji.d~· inau¢h ins 't a.r.H~·$ ·~ 

a8 :M)?" Burney-s ~lna~ee to . it that' we gat authent1or-eporU$ on au:oh O~$'$flt 
It we are to do ~m.y work toward helpi'~lg it}; suoh instances it lna1 be 
neo$.$sa.ry to :'rilJr.'no the 100801 board a.nd see that t'1~e ~ta1;}~men;ta -rlnade '- era 
(;:c>rreet; O'bhl$:t'itds;H~t when 'Vvemake fl, 'ki~k ~lnd we OS.ll not substa.n:tiat$, t ·ha 
sta t·ela~n ts ;rrlade we .~J~e Ptk't t :the; {)tU~$etves in a po.'S!l. i; 1{;)'l"4 where on1' "ortq')l'iip: t$ 
will not· b~ beed$d~ 

Re~~rd1ng th~, Mi.nfJ )PreezingOrd$~~ .... we know thtd~i\i'.b6l trEa€Ht lng direotive lHl$ 
b~ckt~l,red in e. I:n.$.b€n:- ot lh$t~nce,s... I t is a.. ~lrobl4Sml ·to k(?ep lab&r on the 
job :-righ.t now and it is 'up ttl' fAne 1nd1'V1du~l 1)lanag~r to do tbeir u'Uw&)'st 
to keep up produo~1ont . It the Inltla ara $oltU.~r1ng (lll ar'i not 'Putting in 
r~.gula:r hours, 1 t 1. $ 'Uy 'to :m;~.nlike Ail' ~ lihu"'ne,y to ~~$ to, the U. S.. Ert1ploY'~ 
ma:o.t .Service ~d try "to {~~ttne:n WhQ will atay on. tha,Qb. ): \V'lll s·ay 
t.b~t the dr(fuft boards 811i9 · tlGt ignol!lng the mine. daj'er-l11$ll1t t"squesta. 

! hope that Mr. Burn$Y can. $6.;e111a way clear to gei; l,ab:o~ to eOD.t.lnu$ · 
operations and ~ C\G feel th:at h$ (J'an be ~1.$sured 'th};tt . h1$ det'(irment wtll. 
hQld e'\$ long as he is prod~~i.ng eopper. 



DEPARTMENT OF MINERAL RESOURCES 
REPORT TO OPA ON 

A!CTIVE MINING PROJECT 

I / Filing Information 

j 

File System ................ ........ _ ... _ ......... ~ ... _ .... . 

File N 0 •.••.•...• •. ..............•....... .....••••• ••••••• •· •• 

Owner or . This chart to be used for gallons of gas
oline required per month. 

Mine 

PRESENT OPERATIONS:, (check X) 

Production .. l ..... ; Develop~enL ........ ; Financing .......... ; Sale of mine ......... . ; 

Experimental (sampling) .......... ; Owner's occasional trip ......... . ; 

Other (specify) ..................................... .... ..................... ........... ... ..... ... ..... ... ... , .. ........ ..................... ...... ......................... . 

PRODUCTION: Past and Future. ' Tons 

Approx. tons last 3 months 

Appro:x:.-'present rate per 3 months 

Anticipated rate next 3 months 

If in distant future check (X) here ··········z .... ~~.-....... c ••••••• ~~ •••••••••• •• •• • ••• 

EQUIPMENT OPERATED: 

Ty:pe 

Personal Cars 

Light or Service Trucks 

Ore Hauling Trucks 

Compressors 

Other Mine or Mill Eqpt. 

/l' "A" "r ,.., C/ ''- /{ l t r ,,' ( . ,,-,,1' f .~. (. 

Quantity or 
Horse Power 

Miles or Hours 
Per Month 

. ...................... -;;; ... ,. --..... ----........ --...... -- -- .... --.... . 

PRODUCT PRODUCED OR CONTEMPLATED: ~~e met~ls/ or minerals. 
l :} 'f' ... 'j J; /7 "",'" . 

, l~ ~ ~!~ 

/F. 
lJ Ii', .'~ i·:)J 'Y 

J G!111ons Required 
" Per Month 

..................... ~ ---- .............................. ·· ······· ···--·· ······ · · · -1 --·······-- ~~ ···· ~ ~ ····----···· -.... --.-...... --...... --.... -- .----..... ----.. ----.................................... . 

REMARKS: 

········ ····--·7--····--································ ................... -.... -- .. --................................. -- ............• ::;;:~<~ ............. -............................ : ................ . 
ARIZONA DEPARTMEN'T/ OFr MINERAL;1RESOURCES ' 

. . BY _____ ~ _-I~~:t~ :(:;'i{ :~lL: - - -~,; -.; o~tf.!: - ,-: .' --L<- '!>'~ ",_" 
,l 

l 
~~~. =.~.:~--~----~~~~--
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l. 
I 

DEPARTMENT OF MINERAL RESOURCES 

Filing Information 

File System _________________________________________ . ______ .: 

File N 0. ___________________ . __ . ____ . _____ . __ .. _______________ . 

This chart to be used for gallons of gas
oline required per month. 

" , . ...... ~!1fti16 

' ''''I ~ , tYir',,)r . ./ .' f' ~ . , ~~_ J • ~/ ~ It:!". . r ....... , # it j ".. >tf-.. '. t1""". f" -, ,,/S" , \..... ~ y .,,, . , P>' -" ","",.) ~. Mine Location ___________ . ___ . _._ 
-- -.;;'f: ~ -- ~ .... .. - .... .... ----- -~ - --- .. ---- 'oo - ...... -- - .... ---- .. ------ .. - {r -- ... --- .... -- -------- -.----- .. -- _ .. _ .. - - .. ... - ...... ---- ---- --- -_ .... - ~ - .. ---- .. _ .. _- ....... : .. ...... - - -........ - --- _ .. __ .. __ ?::. •• . , 

PRESENT OPERATIONS: (check X) 
• 

Production __ ____ __ .. ; Development __ . __ __ ___ ; Financing ___ __ ._. __ ; Sale of mine ___ ._ ..... ; 

Experimental (sampling) __ .. ___ ... ; Owner's occasional trip_._. ___ _ ._; 

Other (l:\pecify) -___________ ____ ._. ___ ........ _. _. __ ..... ____ _ . _____ ._ ... _ .. _ .. ____ ... . ,--... -- . ---. ~ -- ... -- .. .. -.- -- .. --... --... ---.-.--- .. -- --- --... ---------. -- _.--.. -, ... ---

PRODUCTION: Past and Future. 

Approx. tons last 3 months 

, Approx. present rate per 3 months 

Anticipated rate next 3 months 

If in distant future check (X) here 

EQUIPMENT OPERATED: 

Personal Cars 

Light or Service Trucks 

Ore Hauling Trucks 

Compressors 

Other Mine or Mill Eqpt. 

Quantity or 
Horse Power 

.. t.ll . _rf.~~!t;; 

Ton~ 

Miles or Hours 
Per Month 

____ ._._ .. ~e;~,tt-~-e'f~~ -- - -.-- -

PRODUCT PRODUCED OR CONTEMPLA TEP:> Name metals or minerals. 
V ( .~ I) ,;'" .;; E " 

Gallons Required 
Per Month 

---'------------------------'-- --------------- ---- --- ------ _. ----_. ------------ ---- -- ----'<--- -----------_. ----------_ .. --------------- -. --.-.• -_._. -'-' -_._. ----.-------._-._---_. -- _. '-- ---_ ... ------ ----• 

. ARIZONA DEPART~ l')I~OF MINERAL RE~URCE~ · 
By .. -- --Z~- --;,-+:·-' .. :---- , ::~:~~- ~~~~~~:~~~~,--r:.t~2~ - ~·i::;;~!?~ _ :·_ ;:~~~t~L~~~! 

I, 
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DEPARTMENT OF MINERAL RESOURCES 
REPORT TO OPA ON 

.A!CTIV·E MINING PROJECT 

I .... ~j Filing Information 

:::~--:~--:i:~-:--;:--:::':?;:-~~-:--: -::,:~:?.2~;-f;;,:----:::-:::-:-::- ,:-,:: .. --- ~ F~le System. __________ -__________________________________ . 

Owner or Operato 
.i/I" ' .. l; t, 97; ,I;!i . " It ,-'1, ~; ~} . l~J I"",Fde No ________________________________ '- ___ _____ . ___________ .. 

r _______ .~ --.! --------- : -------- . ------- : .------ --~- ------------ ; ----- - ----------- . This chart to be used for gallons of gas-
-y'/ 'I I'.r::;" ~"'., . r' ,,', ,..,.t~-<~ .. , ~ oline required per month. Address ______________________ , ___ :. ... ______ _ , ... ___________ ~ __ : ________ : _______ . _________ .:-! ._. __ ..... __ .. ___ .. . 

J / F /~"rjf i/"")· ~ . ~ 
. /-l ' f l/~\~r ' 1:( .'~, /I" ~;tf " V/ ;.; .r-Mine Locatlon. __ . __ . __ . ___ . __ . __ "-.... _ .. ___ . _____ . __ .~ _______________________________________ 0 . ________________________ _ ____________ _ ___ __ _________ --------- - -------------------------.-•• ----

PRESENT OPERATIONS: (check X) 

Production __ £ ; Development __________ ; Financing __ . _______ ; Sale of mine __ ______ __ ; 

Experimental (sampling) __________ ; Owner's occasional trip __________ ; 

Other (specify) -- ____________________ _______________________________ _______ ~ ________________________ ____________ _________________________________ _____ . ___ .. __________ . ______ _ 

PRODUCTION: Past and Future. 

Approx. tons last 3 months 

Approx. present rat-e per 3 months 

Anticipated rate next 3 months 

If in distant future check (X) here 

EQUIPMENT OPERATED: 

Type 

Personal Cars 

Light or Service Trucks 

Ore Hauling Trucks 

Compressors 
J-~") I.. , ~ ,<~ 
Ot ~. Mfne or Mill Eqpt. 

Quantity or 
Horse Power 

Tons 

Miles ,or Hours 
Per Month 

Gallons Requh'ed 
Per Month 

..... ------- .. --------_ ...................... _ ............ _ .......... . 
~t: .' t.". /''1; 

.._ .. -.. _--_ .... -- ..... ---- ~: .- .. -.. ~~~.~- .... -- .. ---- ...... -. 

PRODUCT PRODUCED OR CONTEMPL-+ TEi~ Name metals or minerals. 

-- -- -------- -- ------------ -- -- -------- -- -------- ------ ---------------i --.', -'-t::f , -;: - ,,).t: -!---::-... --~ -------------------- ---------- ------ ------------------ ------ -- ------ ---- -----------

.' 

, /",.11 J & )f.P"") ; ''1' t:1 t / <;} I " /.\. " :':', (t .. ) /');< ·, ·,t,· , ;;;1 (" ".;:, ~I . .p~ F' 
REMARK:UI ~ jv, ' ~ . 

.... _ ............ _ _ ...... ' z ... . : : .;e: __ ,: .... _ .......... _ ........ _ .... __ .... ___ .... ___ ~ .. _ .. _ .. ____ .... _ ~,.;. _ .... __ .. ::' .. __ ~ .. _ .. ____ .. __ ~ ~1 _ .............. ___ ...... _ .. __ .. _ .. -_ ... "'tOO ......................... __ !:. ..................... : ...................................... _ .............. ________ .... _ ............... _ .... :.. .. . 

j , ~ . 
} .... . ' "j/J~.")." :'\ ... ~ ~ 

. 1 ' ,.., t· . " ,. ~ ,,# , t,; ",..4<, i' " '. r· , ; / 
--_ ---..:e,: ~. -;":- --"-----~ .-- --- --, -'---:J __ -- - - - -- - - - - - - - - : -- :---~ -- ; - - - - -- : '- - :--!~- ~ -:, -,, ' -- - ~ - ----.--- -- -- -:: --- -'--:: --- --------1----- -----------------------.. --.--------------.- -- -- -- ----_. ---__ ; _. ____ .. _ 

/', . 
-_ -------_____ -- ---- --.--- --- --- ------ -- --- -... ~- - .-- -- ----- .------ -- -.- .---- --- --_______ -. ___ • _______ -______ --__ -_ ---- ------- - ~ --_ ' <!: _~~ ;:. ~ .-. ___ • _____________ • ___ •• ___ ••• _. _____ ;:;,; _ t:~ _____ •• _____ ._ 

l /., r···· , 

ARIZONA DEPARTME~' OF MINE~~ R~SOtC¥ ( 
By ___ .(:~: __ ___ t _ :::_'~.::~ _ ;~:_. _________ ~~ ::~~.:~_ ;:;~~~~~._~:~:.'~'~._ ~_. ___ :_ :~.~ ::-:~; ;: ,. 



Mine 

DEPARTMENT OF "MINERAL RESOURCES 
REPORT TO OPA ON 

A!CTIVE MINING PROJECT 

Filing Information 

File Systelll ......................... _ .. _. __ ._._' ___ . ___ . __ -. , 

File No ... ........................ ........................... . 

This chart to be used for gallons of gas-

PRESENT OPERATIONS: (check X) 

/' 
Production ..... ..... ; Development .......... ; Financing .. _._ ..... ; Sale of mine .......... ; 

Experimental (sampling) .. _ ....... ; Owner's occasional trip ....... _ .. ; 

Other (specify) .......................................................... ... ....... .. ..................... .... ..... ................................ ..... -..... ~ ..... -........ . 

PRODUCTION: Past and Future. 

Approx. tons last 3 months 

Approx. present rate per 3 months 

Anticipated rate next 3 months 
~ '.t··". 

If in distant future check (X) here 

EQUIPMENT OPERATED: 

Ty,pe 

Personal Cars 

Quantity or 
J. Horse Power 

~"$ ' 

.!h.:? ... tJ?t:._ ~ ..... 
Light or Service Trucks 

Ore Hauling Trucks 

Compressors 

Other Mine or Mill Eqpt. 

Tons 

Miles or Hours 
Per Month 

PRODUCT PRODUCED OR CONTEMPLATED: ' Name metals or minerals . 

Gallons Required 
Per Month 

...... -... -....... -.................... -.............. ······~!. ·-~· ~·:/~·~ ·! :~ ... ,~J.. .. {~ . l'.. ...................................... -.............. -.... -... ~ ......................... .. .......... . 
f 

i J r I . ~J ;-1' Y, ." ,/ '. ~ ./'1 r/ / / C '" ~! ,I'" #->0; if/' . .r0

';": c;; /'7 {oj " 

::-:-:::-'~----:-: ''-:-16.:~::~:-::::=:::i:::: :: :::-~:-- ~-:~-;::y1::::::-:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
/./ , 

,. , . 
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f· . 

DEPARTMENT OF MINERAL RESOURCES 
REPORT TO OPA ON 

J\CTIVE MINING PROJECT 

Filing Information 

File Systeln .......................... : ..........•.......... 

File N 00- .... ........•. . . . .•. ... ......... . •.. •• ••••••••••• •• •• 

Mine 

PRESENT OPERATION: (check X) 

Production .......... ; Development .......... ; Financing ..... .. ... ; Sale of mine .......... ; 

Experimental (sampling) .... ...... ; Owner's occasional trip ......... . ; 

Other (specify) ............. .... ............ .. ....... .............. ~ . "" .............. ...... ................ ..... , .. ... ... .... .. .... ......... ....... .... ..................... . 

'-

PRODUCTION: Past and Future. Tons 

Approx. tons last 3 months 

Approx. present rate per 3 months j-------------------- ---- -- -----------------------------

Anticipated rate next 3 months 

If in distant future check (X) here 

EQUIPMENT OPERATED: 

Type 

Personal Cars 

Light or Service Trucks 

Ore Hauling Trucks 

Compressors 

Other Mine or Mill Eqpt. 

uanpty or 
. ois'e Power V,I : ____ - .. 

... :~!..'"':: ~ ... l; . ... . .......... . 

Miles or Hours 
Per Month 

? 
······· · · ·-0--· ' · .... ~ ....... .... . ...• 

PRODUCT PRODUCED OR CONTEM7 A T" ,: Name J:net~ls or min~~ls. 

Gallons Required 
. Per Month 

( .# "''',,4 . . ,'< j! -· .. "-... _lo-.l ... ,;.-.···,',f'w,;.I .. $i , ......................... .-............................ ······················· ················, ·······.1-···· ............................................................................................. . 

'" j 
REMARKS: ~ ",' 



// 

"It 

Name of 

Mine 

DEPARTMENT OF MINERAL RESOURCES 
REPORT TO OPA ON 

.A!CTIVE MINING PROJECT 

Filing Information 

File System _______________________________________________ . 

File N 0. ________________________ _____________________________ • 

This chart to be used for gallons of gas
oline required per month. 

PRESENT OPERATIONS: (check X) 

Production ___ . ______ ; Development __________ ; Financing __________ ; Sale of mine _______ __ _ ; 

E'xperimental (sampling) .... _ .. ___ ; Owner's occasional trip _____ . __ ~_; 

Other (specify) ____ __ ____ __ ______________ ______ _________ _____________ __ ______ __ ___ _____ ____________________ ______ ; _________ -----------.---.--- .... -- .. ---.. -- ---.-.----.------. 

PRODUCTION: Past and Future. Tons 

Approx. tons last 3 months 

Approx. present rate -per 3 months 

Anticipated rate next 3 months _____ ... ___ .3:_: .. _.fib:: ______ ._._._._ .. __ •. __ .. _._ 

If in distant future check (X) here 

EQUIPMENT OPERATED: 

Type 

Personal Cars 

Light or Service Trucks 

Ore Hauling Trucks 

~C 

Quantity or 
Horse Power 

Miles or Hours 
Per Month 

PRODUCT PRODUCED OR CONTEMPL ED: ~ame metals or minerals. 

Gallons Required .... ~-
Per MJm.th "fI ' 

;r~ , 

----.--.----.------.-.... --.-.. -.-.------.. -.. ~ 
--.- _______ A _¥-C __ ~dj ____ t?:/~~ 

, I . 
/ 

. r sf ' I', / l- " , 
---.----------------------- ---.--.-.--------.--.--------.------.--.---- -- '-----l~· -.--;;'---~----- ------.-----.--------.-.-----... ----.-.. ---,----.----.-.---------.----.---.-----.- .. -----.-----------

REMARKS: • W . 

::: .. ::: .. :.::::::.:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::;:::: ::::::::::.:::::Z~~::.::::::::::::::::::::::::::2::. e:::::::::::::::::::::::::: 

- ARIZONA DEPA~T~ 0 tME/·t '~~ 1i:5J(~S I 
·r " " " ~' rl';, \ \ :(, .r' "",,.{ _./'-' 1~ ~ / 

By ______ . _____ ____ ~ . ___________________ ~ _____ __________ ~ __ .. _~ ___________ ~. ______ :~~: __ _ 
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Mine 

DEPARTMENT OF MINERAL RESOURCES 
REPORT TO OPA ON 

A!CTIV,E MINING PROJECT 

Filing Information 

File System ............................................... . 

File N 0 •... . ...................................•.•..••......•. 

This chart to be used for gallons of gas
oline required per month. 

PRESENT OPERATIONS: .~ (c~eck X) 

Production.. L ; DevelopmenL ........ ; Financing .......... ; Sale of mine .......... ; 

Experimental (sampling) .......... ; Owner's occasional trip .......... ; 

Other (specify) ..... ............................. ....................... .. ......... .. ...................................... .. ............................... ..... ........... .. 

PRODUCTION: Past and Future. 

Approx. tons last 3 months 

Approx. present rate per 3 months 

Anticipated rate next 3 months 

If in distant future check (X) here 

EQUIPMENT OPERATED: 

Type 

Personal Gars 

Light or Service Trucks 

Ore Hauling Trucks 

Compressors 

Other Mine or Mill Eqpt. 

Quantity or 
Horse Power 

./t:.~;1/ ..... ~:~~,~~: ... : ... ~ ~ 

Tons 

Miles or Hours 
Per ¥onth 

/
/ 

_____ ... "' ...... __ __ ~ _~~~~~. __ ~t::·~~*_ ...... ________ "' __ 

Gallons Required 
Per Month 

PRODUCT PRODUCED OR CONTEM/~~f~: Na~.~ metals or minerals . 

....................................................................... l .... ( ............. <': ./ . ~; .... ; .................................................................................................. . 

~ 
,', 

"' . } 
,I' 

• ____ ..... ____ ..... "' ."' ____ .. __ ... ____ ....................... .. ...................... __ ......... ___ ........ __ .... _____ .............. __ ........... __ .......................... _____ .... __ .. __ ......................... _ ....... __ 4 __ : __ ..... .... ..... ___ ............................. _ ............... ..... __ ....... __ ......... ___ .... __ .. _ ........... ....... . 

\ 

ARIZONA DEPAR~~~ .. ·dF , MINEJAL~RESO~U"~cls 
, By .......................... "' ....................................... :::-.;., .. , .ri .............. . I '~ ! ' 

.. ' 
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Ml" \1\ . Charl(~'B Taylol'" 
o.·o'Uu ty ;l\",' $~$ijOW 
·'Tucson,. At'1:g.()n~ 

, 'Ai'! ,t,'. If'f,I\ 4 '" >!41~;/ 0 f '1 <.;; 

., 

Theuil~ ~i()U i\.:r .yo 77;' telegrsn Wl .. icb. '118.$ recel:V Al 
i n Loa An.geles,* Pl~~fH'l ace'opt rrq Itmtble t~pol(}gies 

-for l'lJyt heJ!lng l:"~J,)l~rin$ 1;0 it ilrtrnad1ately __ 

I did. eOll,tB.ct 'br tt pea: . I e 1: htad.' in. 'rtiit).d. t'.i.t.ld. who 
WEn~e iLtaret'lt(1Q in tl1$ I1fjlYmti~\" Th.¢Y di.a i-.U1Y tb.e,t . 
't;.l (1Y ~1l(h).J. d. 110t 13 [ti • n,t ,fJ!"<-1$ted i n th 101ft gr~d~~ llli l.l1ng 
%ti :t}.(~ .... lfitG~d"'l~:tl V0!' ~y!,,(jpn·rty lrn~l me:n:ti,oned. . 

1"9::0 tId. J.:!1~(~ Vfft"Y JtJ:uc,h. h·(~ be ke:pt pos t $·d on ulH~ ' 
... l",Qg:ress o:f_ the Helve1U,a .Pl"'ol)~Jtr't1 and if e.-l~xlwhe:n a 
tl1-.s ol~tii)n on 't'R!la(;wl~€bl.H ter.ms ce..;n be (}bta1.n€,jd~ t 
wil)~ f.t1¢-1\{11Y tak~ it uv ~i;J;~h ·thes~9 peQpl ~~ lasaln. 

\ 

I 

" 

. \ 

, 

. /. 

\ 

/ 

( 

,7' 

/ 

) 



.j 

( 

Mr. OJ A. tlaylor 
'("ounty A$$aS~3~):r 
Puna CQUll ty 
T\1c.son. Arizona . 

/ 
\ 

• 

While in . 0$ .Angeles last ' J1e·ek !talk:od 1I~i th the !>arty 
wh~!lsked Illa to lll£lke inquiries on tha. He:lv-etia pl"Opazoty,. 

I expect to be in (Fueso!} Tua$day ' afternoon ana Wedn~sda.y 
and plan to Ci 11 a11.d dlso.uss ·this q;u~8tion . VJ1 til you*, I :t~OP$ 
thu t we Otu1. get e. d&f;inl tat ooznlui tm.(:}ll t front Morn. Blazlkenshi,p . 
evel1t110U(rJl WE-It do not gep eo thirty .... day option.~ I b~ll@V\~ that 
atter a dis(}ussioll with you andpoasibly th~lth Blankenship, we 
m.ay be able to )0,tlvit\le ~y -'p'art. l (~s. i .n .... 0$ .tU1g~les \.)y wire. and . 
h.Yft'l'/G 'them on tlle p:t'O PHltty wi th:Ln e few daY$. 

. / I 

,Wi-ell IH~ljt wishes end l~indeat personal regards l , I am 

/ 

.rSO~. kk 

""'~ 

, ." 



Mr ~ Uhsl'*les TaylQ,r 
County Ass~$eo;r 
T\.\cso:u,. Al~:ts~,ona 

I \ 

/ / 

'Whiletn Tucson yesterdtiW I ~tgllt$d wi·th ,UeQrge i3ulla1.!1 'l1e€i£~u"dint! 1'our 
inter-o-s·t 1n the- Helvetia pl~O'P~rty mfin.ed ·by 'Mts. ' :Blatikeushif; and Mr,ss:rs~ 
f..it$go·r{ and Butlhie: Mytllld~rstan(l1ng 113 .. thcd~ you he,1fe be(!}ll able ~o ,make: a 
reasonable "d.~al Wii tll tl~e- p~~ti.eS' ot'ming this iJrOk~erty tOl! ta1rL,;,g it ov:er't 
1: d.o l not knottl whether or :£lot YQ·tj, intend t~o o_1?l'~ra.t($ the proYJ'l?rty S,.:H.n'sonally;+ 
:r lieve ment lo:u 1id , th~ :H.elvf.-tt1'i\ and ORe othe-r p:roperty in A~1zonfl to' :p~rti~a\ 
whom ~ ' oo1.1s1de:r tfer!yr08'p()l.1s1 b~ and , ¥fun areu'tlx1ous to t1n'f;H-)r into ad<aal 
to ta'k:~ over ' net looksl!ke a pron~isillat (}opp,er a,el:\ee:llte pr()o:u:alng ·tlline. 

. )' . 
\ I l . 

:r / h&ve be-en f:l::&ked to g~t all lnf<rrrna't:ton r~Qal~ding thf~ proJ}erty to 
t~'_ arid an outlin~~ ()f' 'a deal to tmk~over", . !:f' you 0ar~ to coii$id~:r: th.,is 
:tllatt~rt I wr;~ulil b~ very !rluch I)leas(1)r3. -be> {$Ointo :fu rth err' details wit h 10\1 
andlti\t't_l0'U in I:l1!-"$ct ~ol.lt~.at wi. tl1 the 1I$0£11e l- have ill mind. It wouJ4 
S$Cl'ii' -to. me as 'enough ~ o.an.tra¢t could b~ m~a:~ ~11 to 1Lhelil fo.Ji® . over,r14ing 
<Jl8.u:t~: -(Jo"ttertug ,the ' tntel"est or- oompensat1oriy'Q'u e$;p~et ,from. turn1tlii your' ~. 
"e<Jntt'aotovel" to· tll(l}m·. . 
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NOTICE 

The views and conclusions in this document are the author's and should 

not be interpreted as necessarily representing the offIcial policies or 

recommendations of the Interior Department's Bureau of Mines or the U.S. 

Government. The purpose of this r~port is to provide information for 

further review within the Bureau of Mines. 
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ABSTRACT - HAS DEPOSIT SUHHARY REPORT 

: STATE/CNTRY: Arizona/U.S.A. 

" COJ,JNTY/PSD: Pima 
M • 

QUAD-SCALE: Sahuarita, AZ - 1:62,500 

DISTRICT: Rosemont 

COORD:UTM Zone 12;3521700 m north;522,900 m east 

NAHE: Helvetia East 

CO}mODITIES: Copper (Cu), silver (Ag), gold (Au) SEQ. NO.: 0040190010 

OWNER/OPERATOR: Anamax Hining Company 

TYPE: Proposed open pit mine STATUS: Explored prospect 

OPERATION SU~~~RY: Proposed open pit mine: 33,069 st (30,000 mt) per day of sulfide ore, 

77,162 st (70,000 mt) of waste and oxide ore. Sulfide flotation mill: 33,069 st (30,000 mt)of 

ore per day producing 555 st (503 mt) per day of 28-percent Cu concentrate containing 4.58 troy 

ounces per st (157 g/mt) Ag and 0.026 troy ounces per st (0.88 g/mt) Au. Oxide mill to tank

leach 4,106 st (3,725 mt) of are per day and to produce, after solvent extraction and electro

winning, 18.1 st (16.4 mt) of cathode copper. Concentrate shipped to Magma Copper Company's 

San Manuel, AZ, smelter and refinery; copper ~ath6des sold f.o.b. mill. 

RESOURCES: 337,000,000 st (305,700,000 mt) sulfide ore containing 0.54 percent Cu, 0.088 troy 

ounces per st (3.03 g/mt) Ag, and 0.0005 troy ounces per st (0.017 g/mt) Au. 22,000,000 st 

(19,950,000 mt) oxide are containing 0.55 percent Cu. 

DEPOSIT DESCRIPTION: Porphyry copper deposit in mineralized quartz latite porphyry stock of 

Tertiary age and in adjacent Paleozoic carbonate sedimentary rocks. 

LAND HOLDING: 63,000 acres (25,500 ha) STATUS: Fee ownership, patented and unpatented claims 

· DOMAIN: Private, national forest AREA POTEN. DISTURB: 5,330 acres (2,160 ha) 

i. ! 

ENVIRONMENTAL FACTORS: Short term: Long term: 

LAND: Moderate Minor 

WATER: Moderate Minor 

AIR: Moderate Minor 

FLORA: Moderate Minor 

FAUNA: Moderate Minor 

SOUND: Minor Nil 

AESTHETICS: Moderate Minor 

OVERALL: Moderate Minor 

OPERATIONAL/ECONOMIC DATA: Mine and mills would begin production in 1982 after 3 preproduction 

years, 3 shifts/day, 357 days/year. Sulfide mill to operate 29 years; oxide mill-IS years. 

Employees: mine-439 enployees; sulfide mill-208; oxide mill-87. Estimated capital: mine-

$157,269,700; sulfide mill-$63,359,000; ; ~xide mill-2l,012,BOO. Operating costs: mine, sulfidE 

mill, and oxide mill: $2.638, $1.969, and $5.0l3/st ($2.90B, $2.171, and $5.526/mt) of ore, 

respectively. Transportation of sulfide concentrate to smelter: $B.173/st ($9.009/mt). 

Smelter cost: $85.29/st (94.02/mt) of concentrate. Refining cost: $168.97/st (186.26/mt) of 

OFFICE LOCATION loci CS IIAI E II Iw IA blister copper. Breakeven (0.0% ROR) 

FILES: DATA SHEETS I I I I Ix I I copper price $0.98/lb ($2.l5/kg); 

BACKUP FILES I I Ix I 15% ROR copper price $1.32/lb (2.91/kg) 

EVALUATOR: T. A. Drescher I Ix I 
iii 
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INTRODUCTION 

Helvetia East (figure 1), a porphyry copper deposit located in the Santa 

Rita mountains near Tucson, Arizona, was discovered by Banner Mining Company 

in 1961. Other names by which the deposit has been called include Helvetia, 

East Helvetia, Helvetia-Rosemont, and Rosemont. 

The following Minerals Availability System (MAS) deposit evaluation is 

based upon general informa tioll about the regional and c1istric t geology and 
\ --

upon an evaluator-proposed mine and mill system. Some preliminary MAS evalu-

ation work in 1978 on the Helvetia East deposit by P. Olmstead was not used 

as a basis for the present evaluation because more recent and more speci-

fic information required a complete re-evaluation. The author acknowledges 

the assistance of R. A. Salisbury in referring him to some useful sources 

of information (~, 14) and of R. Baer in providing cost data on an existing 

electrowinning plant used at another mine. Until recently, almost no specific 

information about the deposit had been released by Anamax Mining Company, the 

present owner, but a recently completed environmental study contracted by 

Anamax (~) gave some basic information needed for an evaluation, including 

-the deposit location, maximum pit limits, mill site, waste dump location, 

and water requirements for the mill. All costs are estimated in -June 1978 

dollars. 

OPERATION DATA 

The following sections summarize information about the deposit location 

and ownership, past district production, general features, and environ-

mental impact of the proposed operation. 

, :: ~ -..' 
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Location and Ownership 

The Helvetia East deposit is situated 30 miles [50 kilometers (km)] 1/ 

southeast of Tucson, Arizona, in the Rosemont mining district of eastern 

Pima county (figure 2). The Rosemont district is located on the east flank 

of the northern Santa Ri ta mountains, across the crest of the range from 

the Helvetia district. The deposit can be reached from Tucson by driving 21 

miles (33 km) southeast on Interstate Highway 10 to the Vail exit, then going 

south on unimproved State Route 83 for 14 miles (23 km), and, finally, taking 

an unimproved dirt road southwest for 4 miles (6 km). 

The deposi t is owned by Anamax Mining Company, an equal partnership 

between the Anaconda Company (a subsidiary of Atlantic Richfield Corporation) 

and Amax Arizona Corporation (a subsidiary of Amax Corporation). The .corpor-

ate address of Anamax is: P. O. Box 127, Sahuarita, AZ 85629, telephone 

602/884-7845. 

Land Situation 

Anamax controls all of the land required for development of the deposit. 

The area of the proposed open pit is :held as Amax-owned patented claims. 

Adjacent land which would be used for waste dumps, mills, and service shops 

is presently held by unpatented Anamax mining claims and mill si tes in the 

Coronado National Forest. The area to be used for tailings disposal is held 

by lease from the State of Arizona. The company is attempting to obtain 

complete title to a 5,544-acre [2,~~4-hectare (ha)] block of national forest 

land (which in~ludes many of Anamax's unpatented claims) through a land ex-

change with the Forest Service for property owned by Anamax and adjacent to 

1/ 
Numbers are presented in English units followed by the approximate metric 
equivalent in parentheses. Values are rounded; therefore, neither is 
precisely convertible to the other. 
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national forest land in other areas in Arizona . (~). In 1974, Anamax pur-

chased the 47,000-acre (19,000-ha) Empire Ranch, a few miles . southeast 

of the deposi t, for eventual use as a wa ter source for the proposed mills 

(1:., 13, 1.!.). The total land holdings, after completion of the land' exchange, 

will be approximately 63,000 acres (25,500 hal. 

Production Summary 

There has not yet been any production from the Helvetia East deposit. 

Production since the 1880s, from several small mines , and prospects over-

lying the deposit, has totaled about 6,960 short tons [6,310 metric tons 

(mt)] of ore with an average grade of 7 to 8 percent copper, 1-1/4 troy 

. ounces per short ton [40 grams/mt (g/mt) ] silver, and minor gold (12, pp. 

123-129). Since initial discovery of mineralization in the l870s, total 

production from the Helvetia and Rosemont mining districts has been about 

426,000 short tons (386,000 mt) of ore containing an average of 4 percent 

copper, 0.2 percent zinc, 0.06 percent lead, 0.8 troy ounces per short ton 

(30 g/mt) silver, and 0.004 troy ounces per short ton (0.1 g/mt) gold (12, 

p. 31). Since 1959, there has been very little production from the district. 

Mine Development, Mining, and Milling Methods 

The proposed mining and milling systems are based on a limi ted amount 

of general information from an environmental study contracted by Anamax (1:.). 

Details of the proposed' operation are unavailable and are thus based on a 

hypothetical system designed in this evaluation. Elecric shovels and truck 

haulage would be used both during the operation of the proposed operi pit" 

mine and during preproduction development to strip overburden and waste. 

from the deposit. The three-year preproduction period would include two 

3 
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years of stripping. The sulfide ore would be concentrated by standa.rd flo-

tation methods, and the oxide ore would be treated by tank leaching, solvent. 

extraction, and electrowinning. 

Operational Integration 

The proposed mine and mills would be owned by Anamax. Ore would be 

trucked I mile (2 km) from the mine to the mills. Copper concentrate from 

the sulfide flotation mill would be trucked 2.0 miles (32 km) to the rail 

shipping point at Vail, Arizona, and then shipped 174 miles (280 km) via the 

Southern .Pacific Railroad .to Magma Copper Company's Hayden, Arizona, smelter 

and refinery. Electrowon copper cathodes from the oxide mill would be sold 

to fabricators f.o.b. the mill. 

Environmental Impact of Operation 

, 
The results of the environmental study contracted by Anamax (l) indicate 

tha t the overall impac t of the proposed operation on the environment would 

be moderate in the short term and minor in the long term. Vegetation would 

be removed from a 5,330-acre (2,160-ha) area disturbed by the mining opera-

tions, resulting in the migration from the area of the wild and domestic 

animal populations. With the exception of one threatened plant species and 

three reptile species, whose area of habitat would be reduced, relatively 

few classified species would be affected (!, p. 62). Removal of vegetation 

would also result in increased erosion. 

Groundwater level in the vicinity of the proposed mine would be lowered 

by the hydrologic sink created by the open pit, ' but, within. a few years after 

termination of mining operations, the water table would be restored to its. 

original level by normal annual recharge. As proposed in this evaluation, 

the water requirements for the mills would be satisfied by sustained pumping 
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from widely spaced wells on the Empire Ranch, located a few miles south 

of the operation. The water table should not be appreciably lowered 

because of the large area over which pumping would occur. Water runoff 

from the area would be decreased by water impoundment in the pit and on 

the waste dumps. 

Ground cover removal could be expected to create dust problems down-

wind from the mining area. The scenic beauty of the area would be marred 

to some extent by the highly visible waste dumps, tailings pond, and 

open pit. Several sites of archeological and historical interest which 

might be destroyed by the mining operations will be excluded from the 

Anamax-Forest Service land exchange and will be held by the Forest Service 

to ensure their protection (~). Because of the proximity of the deposit 

to a metropolitan area, local attitudes toward the proposed operation 

can be expected to be less favorable than for 'similar deposits in more 

remote areas; however, since the Tucson area is a major center for copper 

production, this type of adverse reaction would be somewhat mitigated. 

I j The deposit is located about three miles (five km) northwest of a proposed 

! ' : land development for a new residential district (18, p.4). 

CHARACTER OF DEPOSIT 

Sedimentary and igneous rocks, complexly folded and faulted and with 

a considerable range of , age and lithologies, occur in the Santa Rita 

Mountains. The area's oldest exposed lithologic uni t, the Precambrian 

Pinal Schist, o~curs in small, is61ated roof pendants and fault slivers 

in the Continental Granodiorite, a regionally extensive Precambrian 

i,< batholith (11, plate 4; 10, p. 5). A 6,OOO-foot (I,BOO-m) thickness of 

Paleozoic marine sediments unconformably overlies these Precambrian units 

(10, p. 5). Near the middle of the Permian Period, the region was up-

5 
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lifted and subsequent deposition was predominantly continental. Deposi-

tion of Triassic and Jurassic redbeds and tuffaceous sediments was pre-

ceded and followed by periods of strong regional uplift and norma~ fault-

ing, after which the Early to Late Cretaceous Bisbee Group of con-

glomerates, arkoses, and siltstones was deposited (12., p. 315). 

The Laramide Orogeny was characterized in the Santa Rita Hountains 

by 1) a strong early phase of thrust faulting, folding, and plutonism 

during the Late Cretaceous, 2) a' mid-orogenic tectonic lull, and 3) 

weaker orogenic phases of faulting and intrusion during the Paleocene 

(11, pp. 29-34). Deposition of thick accumulations of sediments in local 

basins and volcanic activity were associated with the early phase of the 

. orogeny (Q, p. 315). The final phase of the Laramide included the 

emplacement of the Greaterville intrusives, also called the "ore porphy-

ries" because of their genetic relatioriship to mineralization in the 

districts, including the Helvetia East deposit (~, pp. 15, 43-45). Drewes 

~J p. 15) believes that the Greaterville intrusives were "probably em-

placed at shallow depths from fairly fluid magmas, as indicated by 

their fine grain size and habit of intruding faults. It Mineralization in 

the districts is associated with argillic-pyritic hydrothermal alteration 

and intense contact metamorphism (~, p 9) J and carbonate rocks in the 

lower Paleozoic Abrigo and Martin Formations are common host rocks 

(.!!., p. 32). 

Normal faulting and associated andesitic and rhyolitic volcanism 
r : 

I 
l ." which followed the Laramide are responsible for the present topography 

of uplifted ranges and adjacent alluvium-filled valleys. Examples of 

range-front faults in the vicinity of the Helvetia East deposit are the" 

Deering Springs and Backbone faults. 

6 



; 

! .. 

I · ... 
I -

.. 
General Description 

No specific informatlonhas been published on the geology of the 

Helvetia East deposit. However, general information on the geology of 

the district is available in a nmnber of recent publications (.!., ~, .2" 

A recent environmental study cO]1tracted by Anamax (.!.) 

revealed the ' specific location of the proposed open pit and made it possible 

to glean much about the geology of the deposit. Two fairly detailed 

geologic maps of the deposit area have been recently published (.!., fig. 

D-2; and 11, plate 4), and figure 3 is a synthesis of information from 

,.. 
I both sources. Where differences of opinion on the geology exist, the 

! 
Anamax map (.!., fig. D-2) was given more credence, since the company has 

-the benefit of data from their extensive drilling in the area. 

In the environmental study, the company also revealed' that some of 

the drill holes over the deposit penetrated Paleozoic rocks (..!., vol. 1, 

p. 32), indicating that several thousand feet of overlying Mesozoic sedi-

ments are faulted out, presumably by Drewes' thrust fault IV (11, p. 20 

and plate 4). This low-angle, eastward-dipping thrust typically. sepa-

rates Paleozoic from ' Cretaceous rocks both to the north and south of 

the deposit. However, in the immediate area of the deposit, the fault 

is not exposed because of down-faulting along the Deering Springs and 

Backbone range-front faults shown in figure 3. In this evaluation, the 

thrust fault is assumed 1) to be barely hidden below the surface at the 

intersection ' of the Deering Spr~ngs and Backbone faults, 2) to underlie 

the Bisbee Group (Glance conglomerate), and 3) to dip ten degrees eas t-

ward as it does in surface exposures exposures one mile (two km) to the· 

south (figure 3)(11, p. 20). This assumed location of the thrust fault 
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would requi re tha t only a few hundred feet of vertical displacement , oc-

·curred on the ' Deering Springs fault, as Drewes implies (!.!" pp. 1, 19, 

and 26). 

Exposed within the area of the proposed open pit is the Rosemont plug, 

a mineralized quartz latite porphyry plug belonging to the group of "ore 

porphyry" intrusives previously described. The portion of the intrusive 

which is downdropped by the Deering Springs fault (figure 3) is assumed 

to have invaded the thrust, as is characteristic of the "ore porphyries" 

(~, p. 15), and thus to be of much wider subsurface extent in the down-

dropped block than in the upthrown block. Supporting this conclusion is 

the fact that the Cretaceous rocks exposed at the surface in the down-

. dropped block ' are 1) strongly argillized and iron-stained, 2) contain 

anomalous amounts of zinc, lead, bismuth, silver, arsenic, and antimony, 

and 3) are invaded by small dikes of quartz latite porphyry (~, pp. 44-45). 

The ore body has been termed a "porphyry" copper deposit (IS, pp. 30-

31; ~, p. 47), and it is assumed in this evaluation, for lack of infor-

I ! mation to the contrary, that the major portion of the deposit occurs 

within the Rosemont plug. Drewes, however, believes that the geochemical 

anomalies to the northeast of the plug could indicate mineralization in 

the Paleozoic carbonate rocks beneath the exposed Mesozoic rocks (~, 

pp. 44-45), and it is assumed in this evaluation that a lesser part of the 

ore body consists of contact metasomatic, replacement, and disseminated 

sulfide deposits of ' copper and other metals along faults and favorable .' 
beds in the Paleozoic rocks beneath the thrust fault (figure 3). 

Dimensional Data 

A depth of about 200 to 300 feet (60 to 90 m) to the thrust fault (and 

to the top of the ore body in this interpreta tion) is not contradicted 
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-I ' by company statements that the ore body is "several hundred feet down" 

(18, p. 3). Tonnage and volume calculations, assuming an average 

specific gravity of 2.6 for ore and waste, and average pit slopes of qt 

least 37 degrees from the horizontal, indicate that more than enough 

room (at least 60 percent more than necessary) exists for the ore body 

to fit below the thrust fault within the open pit limits (figure 3). If 

the upper limit to the ore body is the thrust fault and the lateral and 

lower limits are the maximum pit boundaries, then the ore body must be 

roughly disk-shaped, dipping ten degrees to the east, having an average 

thickness of about 600 feet (200 m) and a diameter of 3,000 feet (900 

m), and probably thinning considerably to the east (figure 3). In detail, 

the shape of the ore body may be very irregular, with dikes of porphyry 

intruding the surrounding rocks along faults and fractures (~, p. 14) 

and with pyrornetasomatic, replacement, and disseminated copper sulfide 

deposits extending away from the porphyry contact along faults and favor-

able carbonate beds (15, pp. 123-128; 11, p. 32). 

Major Ore and Gangue Minerals 

In barren, relatively unaltered surface exposures, the Rosemont plug 

and other plugs of the "ore porphyry" group in the Santa Rita Mountains 

consist of closely fractured quartz latite porphyry with saccharoidal 

groundmass and abundant bipyramidal quartz phenocrysts, sparse small bio-

tite phenocrysts, and traces of disseminated sulfides (~, p. B4). The 

copper content in unaltered porphyry is two to five times higher than in 

older intrusives in the district and five to fifteen times higher 

~.,;, ; in biotite concentrates (~, pp. 3 and 5), suggesting that copper is a 

primary constituent in the porphyry and that copper-rich biotite may be 

the metal source for the copper deposits in the area. 

9 
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For lack of specific informa tion released by the company, the ore 

mineralogy can only be guesstimated from descriptions of oxidized ore 

mined in surface exposures above the ore body or from typical descrip-

tions of . ore from other porphyry copper deposits <E). The "sulfide" 

portion of the ore body might consist of disseminated to massive sulfide 
(" ". 

mineralization in argillized porphyry host rock and in adjacent silicated 

carbonate rocks. Sulfide minerals probably include pyrite, chalcopyrite, 

and bornite, wi th possibly some chalcoci te supergene enrichment. The 

.. oxide It portion might consist of oxidized produc ts of the sulfide min-

erals, such as chrysoco1la, azurite, malachite, and cuprite. 

EXPLORATION LEADING TO DISCVOERY 

Operating intermittently from the late 1800's through the 1950's, 

several small mines within the periphery of the proposed Helvetia East 

pit have produced high-grade copper ore from pyrometosomatic deposits at 

or near the contact of the Rosemont plug with Paleozoic carbonate rocks 

/ . 

I 
(~, pp. 123-128). For an extended period from 1948 through 1961, Banner 

I Mining Company gradually acquired several properties in the Helvetia area 

(18, p. 3, 2L pp. 47-48). Diamond drilling by Banner from 1961 to 1963 

resulted in the discovery of mineralization on two · of the properties, 

called in this evaluation the Helvetia East and Helvetia West (1, p. 53). 

In March 1963, Banner leased the properties to the Anaconda Company. 

Anaconda continued the exploration drilling program and more definitively 

determined the shape, tonnage, and grade of the Helvetia East deposit 

(1, p. 53). In 1973, concomitant with formation of Anamax Mining Company 

, 

"', (an Arizona partnership between Amax and Anaconda mining companies), 

Banner Mining ' Company was merged into the new partnership. Since 1973, 

10 
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Anarnax has shown continued interest in the deposi t through addi tional 

geologic and economic evaluation of the deposit , <..~, p. 15), acquisition 

of lands adjacent to the deposit, and environmental studies (!). 

RESERVE ESTIMATION 

The sulfide and oxide portions of the Helvetia Eas t reserves are 

entered respectively in quanti ty-resources rna trices one and two of the 

Minerals Availability System (MAS) data base (see appendix A) from 

recently published data (12, p. 67). As the detailed geological relation-

ships of the ore body are unknown, no attempt was made to subdivide the 

reserves by probability of occurrence, and the quantity of reserves 

entered at the90-percent probability level in quantity-resource matrices 

one and two is repeated at lower probability levels. Because of a large 

tonnage difference from previous, more reliable estimates (l, p. 54; ~, 

p. 67), a published reserve estimate (~, p. 110) of slightly more recent 

date (reserve record 5 in appendix A) was not used as a basis for the 

quantity resource matrices. The sulfide reserves are 337,000,000 short 

tons (305,700,000 mt) of ore containing 0.54 percent copper, 0.088 troy 

ounces per short ton (3.03 g/mt) silver, and 0.0005 troy ounces per 

short ton (0.017 g/mt) gold. The oxide reserves are 22,000,000 short 

tons (19,950,000 mt) of ore containing 0.55 percent copper. Because 

gold and silver grades have not been published, they were estimated 

from average gold to copper and gold to silver ratios in past production 

from mines above the deposit and from the Helvetia and Rosemont districts 

(~, pp. 31, 123-129). 

, Under the development plan proposed in this evaluation, the sulfide 

ore will be mined over a period of 29 years at a production rate of 33,069 
~ .' . ' 

short tons (30,000 mt) per day, 357 days per year, and the oxide ore will 
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-be mined over a 15-year period at a 4, 106-short-ton (3, 725-mt) per day, 

357-day-per-year rate. 

EXTRACTION TECHNOLOGY 

As very little information has been released by Anamax on methods of 

mining and milling, it was necessary to propose an extraction system. The 

meager information on which assumptions are based was published in an 

Anamax environmental study (!) giving 1) mine pit and waste dump location 

and maximum areal extent, 2) mill location and water consumption, 3) 

concentrate haulage route and rail shipping point, 4) water table depth 

and typical water well yields, 5) date of earliest possible production, 

and 6) rough employment estimates during both production and preproduc-

tion development. 

}lining and milling systems were designed using the above information 

in combination with models described in a Bureau of Mines cost-esti~ating 
. . . 

handbook (~). An oxide tank-leaching and electrowinning mill was design-

r:> ed using the knowledge that Anamax actually employs this system to treat 

. , 
' : ,i.. 

its oxide ore at the nearby Twin Buttes mine. 

Proposed in this evaluation is a water supply system from numerous, 

widely spaced water wells which could be installed on the extensive, 

47,000 acre (19,OOO-ha), Anamax-owned Empire Ranch. This method, although 

expensive compared with other methods, was chosen for this evaluation 

because of the reliabili ty of obtaining a constant, uninterrupted (by 

drought) water supply and because of . the minimal lowering of the water 

table (and consequent environmental damage). The Empire Ranch was 

purchased by Anamax as a \va ter source for the Helve tia Eas t pro jec t 

in 1974 for $12,808,000 <.~; Q, p. 16; .!.l) • 

12 
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Figure 4 shows the general layout of the mining operation, inc lud-

ing the water supply and tailings disposal system. 

Mining Sys tern -

The proposed open pit mine would operate three shifts per day, 357 

days per year, and employ 439 personnel. By projecting 37-degree pit 

slopes from the maxi~um pit perimeter, shown superimposed on a topographic 

map in the environmental study <.!), the maximum depth and elevation 

contours of the pit were calculated. By the same method, a total ore 

plus waste tonnage of 1.205 billion short tons (1.093 billion mt) was 

estimated, assuming an average ore and waste specific gravity of 2.6. 

Knowing this total tonnage and the total o~e tonnage, one can calculate 

an overall stripping ratio of 2.575 to one (waste to sulfide ore). 

Assuming a constant _ sulfide ore produc tion rate of 33,069 short tons 

(30,000 mt) per day, and assuming a two-year period of preproduction 

stripping of waste and overburden at the operating rate of materials 

handling, an operating stripping ratio of 2.33 to one (waste to sulfide 

ore) can be calculated. The waste mining rate would thus be 77,162 

short tons (70,000 mt) per day during the 29-year production life of the 

mine, and a total of 110,231 short tons (100,000 mt) per day of material 

would be removed throughout the 3l-year preproduction (stripping) plus 

production life of the mine. During the two-year preproduc tion strip-

ping period, 78,700,000 short tons (71,400,000 mt), or 35,900,000 cubic 

yards [27,500,000 cubic meters (cu m)], of overburden and waste \vould 
\ . 

be stripped from the deposit. Included in the waste tonnage during the 

first 15 years of production is the oxide ore production of 4,106 short 

tons (3,725 mt)per day. The m.aximum pit depth at the end of the mine 
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life would be 1,600 feet (490 m), measured from the lowest point on the 

pit rim, and 2,600 feet (790 m), measured from the highest point on the 

rim. 

Equipment proposed for the operation .is listed in table 1. Actual 

production time per eight-hour shift for all equipment is assumed to be 

seven hours (87.5 percent utilization). Rotary drills would drill 55-foot 

(17-m) deep, l2-l/4-inch [3l-centimeter (cm)] diameter holes with 30-foot 

(9-m) spacing and 27-fo()t (8'4n) burden. A 70-percent equipment avail-

ability for drills is assumed. Benches of 50-foot (lS-m) height would 

be blasted after loading the holes with ammonium nitrate-fuel oil (AN/FO) 

blasting agent. The broken are or waste would be loaded into 8S-short 

ton (77-mt) reardump trucks by ten-cubic yard (7.6-cu m) electric shovels 

and front-end loaders. An average swell factor for all mined material 

of 61 percent is assumed. The trucks would haul are or waste an average 

distance of one mile (1.6 km) up an eight-percent grade to the rim of 

the pi t, then either O. 7 miles (1.1 km) on a slight downgrade to the 

mills or 1.5 miles (2.4 km), on the average, over a level grade to the 

waste dumps. The trucks would have a cycle time of 14 to 18 minutes, 

depending on loading method and destination (~, pp. 16-6 to 16- 9; .!2.., 

pp. 571-577). An 85-percent equipment availability for the trucks is 

assumed (1:2., p . 579). Service and road maintenance equipment includes 

bulldozers, graders, pick-up trucks, and miscellaneous mechanical and 

electrical vehicles. Exploration drilling within the pit during mining 

f : 
\ 

I. ~ 
would be done by an NX core drill. 
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TABLE 1. - Mine equipment 

Equipment description 
Trucks, Caterpillar 777, 8S-ton 

Shovels, IO-cubic yard 
Front-end .loader, Caterpillar 992B, lO-cubic yard 

Rotary drills, 12-1/4 - inch diameter holes 

Core drill, NX 
Bulldozers 
Graders 
Pickup trucks 
Mechanical and electrical vehicles 

Number of pieces 
17 

4 
1 
3 
1 
5 
2 
7 
7 

An employment breakdown based on labor factors from a Bureau of Mines 

cost estimating handbook (~) is given in table 2, and table 3 lists pro-

ductivities for the mine. 

1/ 
Labor category -

Direct 

TABLE 2. - Hine employment 

Excavation, load and haul 
Ore 
Overburden and waste 

Drill and blast 
Ore 
Overburden and waste 

}faintenance ~J 

Total direct 

No. of 2/ 
employees 

52 
119 

7 
16 
97 

t . Indirect 
General operations 
Administrative ~/ 

Supervisory 
Technical 
Clerical 

Total indirect 
Total employment 

40 

39 
50 
19 

148 
439 

1/ Labor categories (except maintenance) from Bureau of ~lines cost

estimating handbook (~). 

!/ Number of employees calculated from labor portions of operating costs 

which were estimated from Bureau of Mines cost estimating handbook (24). 

}./ One-third of the direct labor has been assigned as maintenance labor, 

as was done for a similar-sized mine (4, p. 73). 

i/ Administrative labor breakdown based on a breakdown in the Bureau of 

Mines handbook (~, p. 44). 

15 

. - " .. 



.' < .. , "." 
. '!, ., . 

.' . 

, ~ . . 

TABLE 3. - Hine productivity-!/ 

Productivity, mt per 

Labor category employee per man-shift 

Direct 116 

Indirect 228 

Overall -yy 
!/ Productivities are given in total ore tonnage (i.e., sulfide and oxide 

.... ' ore) produced per employee. 

I 
! 
I 
\. .. 

Beneficiation System 

Depending on the degree of oxidation of contained copper minerals, 

ore would be processed either in the 4,106-short-ton (3,725-mt)-per-day-

capacity oxide, tank leaching and electrowinning mill or in the 33,069-

short-ton (30,000-mt)-per-day-capacity sulfide flotation mill. Both mills 

would operate three shifts per day, 357 days per year. The sulfide 

mill, employing 208 personnel, would operate throughout the life of the 

mine, and the oxide oill, employing 87 personnel, would operate only 

during the first 15 years of mine life, after which the oxide ore 

reserves will have been extracted. Tables 4 and 5 give breakdowns of 

emplo)~ent and productivity for the sulfide and oxide mills, respectively. 

Water to supply the mills, estimated at 19,000 acre-feet per year, or 

12,000 gallons per minute (gpm) 66,000 cu m/day) (!, v. II, p. iv.), would 

be supplied by a system of 120 water wells, drilled at 4,100-foot (1,250-m) 

spacings on the Empire Ranch. Each well would consist of a 5-inch (13-cm) 

hole, rotary drilled in alluvium to an average depth of 150 feet (46 m), 

lined with perforated steel or aluminum casing, and equipped with a 100-

r-' gallon-per-minute (six-liter/second) submersible pump, plastic pipe, and 

\ 1 

a small surface storage tank. Wa ter from the well storage tanks would 

( .. .. . flow by gravity through a system of plastic and cement pipe (with increas-

ing diameter at junctions) to a storage reservoir in Empire Gulch (section 

16 
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TABLE 4. - Employment in mills 

Number of 
Sulfide mill 

employees 27 
Oxide mill Labor category~ ------------------------------------------------------------Direct 

Crushing 
Grinding 
Regrinding 
Leaching and solvent extraction 
Electrm,vinning 
Flotation 
Concentrate thickening 
Concentrate filtering 
Tailings dewatering 
Transport and place tailings 
Maintenance 3/ 
Total direct 

Indirect 
General operations 
Administrative ~/ 

Supervisory 
Technical 
Clerical 

Total indirect 
Total employment 

16 
11 

7 

14 
1 
2 
2 
7 

39 
99 

45 

18 
28 
18 

109 
208 

7 
7 

8 
24 

1 
3 

14 
64 

11 

4 
5 
3 

23 
87 

1/ Labor categories (except maintenance) from Bureau . of Mines cost
- estimating handbook (~). 
!/ Number of employees calculated from labor portions of operating costs 

which were estimated from Bureau of Mines cost-estimating handbook 
(~). 

}../ A portion of the direct labor has been assigned as maintenance labor, 
as was done for similar mills (4, pp. 118, 120, and 136). 

i/ Administrative labor breakdowns-based on a breakdown in the Bureau of 
Mines handbook (~, p. 246). 

TABLE 5. - Productivity in mills 

Labor category Productivity, mt per employee per man-shift 
Sulfide mill 1/ Oxide mill 2/ 

------------------------------------------------~ 

Direct 303 
Indirect 275 
Overall 144 
1/ Productivity in mt of sulfide ore processed per employee. 
2/ Productivity in mt of oxide ore processed per employee. 

17 

58 
162 
43 
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FIGURE 5. - Flow sheet of the proposed sulfide flotation mill (after ~). 
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'4\ 15,\ T. 19 S, R. 16 E). The reservoir, contained by an earthfill dam and 
. I 

. • ' designed to hold a two month's supply of mill water, would be held at low 

water levels to minimize evaporation loss and to permit the catchment of 

runoff from infrequent summer storms. From the reservoir 12,000 gpm 

(66,000 cu m/ day) of wa ter would be pumped through a steel flume to a 

smaller reservoir (one day capacity) located above the mills. The sulf-

ide mill would use about 10,500 gpm (57,200 cu m/day) and the oxide mill 

about 1,500 gpm (8,200 cu m/day). ~"ater from the tailings pond would 

not be reclaimed because of the long [8-mile (13-km)] distance to the 

tailings pond in North Gulch. 

The mills are described separately in the following sections. 

Sulfide Mill 

The followLng description of the beneficiation process is based on 

published descriptions of typical copper flotation mills (~, pp. 98-114; 

~, pp. 195-298). Figure 5 is a flow sheet of the mill. Ore would be 

reduced in size to 80-percent minus 3/8-inch (0.95-cm) in a primary 

gyratory crusher and in secondary and tertiary cone crushers, ground to 

minus 100-mesh in rod and ball mills, and floated in rougher, cleaner, 

and recleaner cells. Approximately 10 percent of the original mill feed 

would be reground following rougher flotation. Concentrate would be 

thickened, filtered, dried, and stored before shipment to the smelter. 

Tailings would be partially dewatered in thickeners at the mill and then 

pumped to the disposal pond as described in the preceding section. Table 6 

gives an equipment list for the mill. Concentrate would be trucked 20 

miles (32 km) north to the Vail, Arizona, railroad shipping point, then 

shipped 174 miles (280 km) to the Hayden smelter and refinery • 

. -.r; 
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TABLE 6. - Equipment for sulfide flotation mill 

Equipment description 
Gyratory (primary) crusher, Nordberg 54-80 H.D. 
Gyratory (primary) crusher, Allis Chalmers 30-70 
Cone (secondary) crusher, 7-ft Symons standard 
Cone (tertiary) crusher, 7-ft Symons shorthead 
Rod mill, Allis Chalmers 14 x l8-ft. 
Ball mill, Allis Chalmers 14.5 x 28-ft. 
Flotation cell, Galigher 120 Agitair 
Ball mill (regrind), 7.5 x 23 ft. 
Vibrating screens 
Conveyor belts 
Storage bin, fine ore 
Cyclones 
Pumps 

Oxide Mill 

No. of pieces 
1 
1 
3 
4 
6 
6 

216 
6 
2 

10 
2 

25 
30 

The following description of the oxide mill follows closely (with 

minor modifications) the published descriptions of Anamax's Twin Buttes 

leaching, solvent extraction, and electrowinning mill (20, pp. 44-45, ~). 

After crushing to 80-percent minus 3/8-inch (0.95 cm), as in the sulfide 

mill, the ore would be wet ground to minus 65 mesh in rod and ball mills 

while maintaining a pulp density of 72-percent solids. At the ball mill 

discharge, water would be added to provide a 60-percent solids slurry 

feed to the leaching tanks. 

Approximately nine-tenths of the ground ore slurry would go directly 

to the leaching tanks, the remainder to the pH adjus tment tanks to 

raise pH (figure 6). The actual split would depend on the lime con tent 

of the ore and on the pH of the pregnant solution from the leaching tanks. 

Sulfuric acid, to be obtained cheaply from any of several nearby smelters, 

would be added to the ground ore slurry at the first in a series of five 

mechanically-agitated leach tanks. Acid consumption, assuming a similar 

lime content to the Twin Buttes oxide ore, may be as high as one weight 

unit of acid for every eight weight units of ore. 
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FIGURE 6. - Flow sheet of the proposed oxide leaching, solvent extraction, 
and electrowinning plant (after ·14). 
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After a leaching period of five hours, the reacted material (at 

50-percent solids) is pumped from the final leaching tank to the first 

in a series of ' four counter-current decantation , wash thickeners (CCD 

thickeners), where the leach pulp is washed with barren aqueous liquor 

(raffinate) from the solvent extraction plant. The washed pulp and 

raffinate move in opposite sequence through the series of CCD thickeners 

so that the final underflow from CCD thickener No. 4 consists of tailings 

and the final overflow from CCD thickener No. I consists of the copper-

rich pregnant solution. The tailings, at 50-percent solids, are partially 

dewatered by additional thickening before being pumped to the tailings 

disposal area. 

The pregnant ~olut;:ion from the CCD thickeners, at a pH of 1.5 and 

containing about ~. 01 percent solids [100 parts per million (ppm)], is 

pumped to three mechanically agitated pH-adjustment reactors (similar to 

the leach tanks) and mixed for 45 minutes with the unleached, one-tenth 

portion of the ground . ore slurry in order to raise the pH to 2.5. The 

10-percent solids slurry, after pH adjustment, is thickened to reduce 

the solids content of the solution to 0.05 percent ( ~ OO ppm) and clari

fied in a clarifying thickener to 0.008 percent (80 ppm). The underflow 

from both thickeners is returned to the leach tanks. The clarified 

solution is then filtered to 0.001 percent (10 ppm) solids in vertical 

downflow dual media pressure sand filters. The backwash recirculates to 

the pH adjustment ~anks, and the filtrate goes to the solvent extraction 

plant. 

20 
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In the solvent extraction plant, the pregnant solution, containing 

0.030 troy ounces per gallon [2.5 grams/liter (g/l)] copper, is mixed in 

counter-current fashion in extraction mixer-settlers wi th a l4-percent 

solution of LIX 64 N organic extractant in kerosene, which extracts 68 

percent of the copper from _ the pregnant solution. The "barren" aqueous 

liquor, or raffinate, containing the unextracted 32 percent of the 

copper is recirculated to the - CCD thickeners where it again "picks up" 

-another 100 percent load of copper by washing the leach pulp. The "load

ed" organic extractant is stripped of its copper content by counter

current mixing in stripping mixer-settlers with spent electrolyte from 

the electrowinning plant. The stripped organic extractant is then 

recycled to the extraction mixer-settlers to load more copper. The 

regenerated electrolyte is transferred to the electrowinning plant. 

The regenerated electrolyte releases any remaining entraineq organic 

material in a coalescer feed reservoir before circulating through direct 

r:' - current electrolytic cells, where copper is deposi ted on cathodes. The 

cathodes are washed and stored for shipment to copper fabricators (f.o.b. 

mill). 

21 



~ ~ Table 7 lists the equipment used in the mill <i, pp. 133, 135). 

TABLE 7. - Equipment for oxide mill (from~) 

Equipment description No. of pieces 

Jaw crusher, 32- x 42-inch, Allis Chalmers 
Cone crusher, standard, 5-ft, Allis Chalmers 
Cone crusher, shorthead, 45-inch, Allis Chalmers 
Rod mill, 7-by l2-ft, Denver 
Ball mill, 9- by l4-ft, Denver 
Leaching tanks, 24-ft diameter by 22-ft high 
Reactors, pH adjustment, 6-ft diameter by 6-ft high 
Thickeners, 250-ft diameter, counter-current decantation wash 
Thickener, 250-ft diameter, clarifying 
Filter, sand type, l2-ft diameter, 7-ft 9-inch high 
Mixer settler, extraction 
Mixer settler, stripping 
Coalescer 
Electrolyte circulation tank 
Electrowinning cells 
Cranes, for lifting cathodes 

ECONOHIC EVALUATION 

1 
1 
2 
2 
2 
5 
3 
4 
1 
3 
4 
2 
I 
4 

80 
2 

A Bureau of Mines cost-estimating handbook (24) was used to estimate 

most of the capital and operating costs for the mine, producing 33,069 

short tons (30,000 mt) per day of sulfide ore (tables 8 and 9); the 

sulfide mill ( tables 10 and 11) ; and the oxide mill, handling 4,106 

short tons (3,725 mt) of feed per day (tables 12 and 13). Production 

schedules for all operations are 357 days per year, three shifts per 

day. Capital and operating costs for the elctrowinning section of the 

oxide mill are scaled on the basis of pregnant leach liquor flow rate 

from another mine using the . same process. Land acquisition costs are 

based on published and unpublished figures for the purchase (merger) of 

Banner tUning Company <.~), for the value of lands traded by Anamax for 

the Helvetia East property (Q), and for purchase of the Empire Ranch 

(l!). Infrastructure capital cost (the cost of installing a water supply 

system) \vas estimated by designing a hypothetical system and obtaining 
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current prices for component equipment and materials. Working capi tal 

for the mine and mills was estimated as the amount necessary to pay 

operating costs for 60 days of mine operation. 

Financial analyses, using the MINSIM4 GENERAL program, determined 

that copper prices of 97.6 and 131.9 cents per pound ($2,152 and $2,908 

per mt), respectively (appendix B), were required for break-even (O.O-per-

cent) and l5.0-percent rates of return on investment. The cost of ship-

ping sulfide concentrate to the San Manuel, Arizona, smelter and refinery 

is estimated to be $8.17 per short ton ($9.0l/mt) of concentrate (24). 

Smelter and refinery operating costs of $85.29 per short ton ($94.02/mt) 

of copper sulfide concentrate and $168.97 per short ton ($186.26/mt) of 

blister copper, respectively, were used in the financial analysis. June 

1978 byproduct metal prices used in the financial analysis are $183.93 

per ounce ($5,9l3,486/mt) for gold and $5.32 per ounce ($170,908.84/mt) 

for silver. 

TABLE 8. - Mine capital costs 
(Design capacity: 30,000 mt of ore per day) 

Description 
Land acquisition 
Exploration 
Access roads 
Preproductionde~elopment 

Mine plant and buildings 
Mine equipment 
Engineering construction and management fees 
Infrastructure 
Environmental impact statement 
Working capital 
Total mine capital cost 

23 

Cost, June 1978 dollars 
$ 73,530,000 

5,790,500 
634,500 

30,590,200 
4,659,800 

27,268,100 
4,574,100 
4,888,100 

100,000 
5,234,400 

$157,269,700 
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• TABLE 9. - Mine operating costs 
(Design capacity: 30,000 mt of ore per day) 

Description 

Direct cost: 
Production development 
Mining and hauling of ore 
Restoration during production 
General operations 

Total direct cost 

Indirect cost: 
Administrative salaries and wages 
Administrative purchases and equipment 

Total indirect cost 

Cost, June 1978 dollars/rot 

$1.633 
0.685 
0.071 
0.151 

$2.540 

0.227 
0.056 

$0.283 

Fixed cost (including overhead, insurance, and local taxes) 0.085 

Total mine operating cost $2.908 

TABLE 10. - Sulfide mill capital costs 
(D~sign capacity: 30,000 mt of feed per day) 

Description 

Crushing 
Grinding 
Concentrating 
Waste and tailings disposal 
Site preparation 
Utilities and facilities 
Restoration during construction 
Engineering and construction management fees 
Working capital 

Total sulfide nill capital cost 

24 

Cost, June 1978 dollars 

$ 5,218,300 
15,267,400 

4,002,100 
9,041,600 

20,900 
20,630,700 

377,600 
4,892,60G 
3,907,800 

$63,359,000 
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TABLE 11. - Sulfide mill operating costs 
(Design capacity: 30,000 mt of feed per day) 

Description 

Direct cost: 
Crushing 
Grinding 
Concentrating 
Waste and tailings disposal 
Restoration during production 
General operations 

Total direct cost 

Indirect cost: 
Administrative salaries and wages 
Administrative purchases and equipment 

Total indirect cost 

Fixed cost: 

Total sulfide mill operating cost 

Cost, June 1978 dollars/mt 

$0.233 
0.626 
0.337 
0.116 
0.012 

'0.629 
$1.953 

$0.135 
0.020 

$0.155 

$0.063 

$2.171 

TABLE 12. - Oxide mill capital costs 
(Design capacity: 3,725 mt of feed per day) 

Description 

Crushing 
Grinding 
Concentrating and e1ectrowinning 
Waste and tailings disposal 
Site preparation 
Utilities and facilities 
Restoration during construction 
Engineering and construction management fees 
Working capital 

Total oxide mill capital cost 

25 

Cost, June 1978 dollars 

$ 1,396,200 
1,887,900 
6,991,600 
2,644,700 

2,700 
5,042,200 

36,500 
1,775,900 
1,235,100 

$21,012,800 

' i 
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TABLE 13. - Oxide mill operating costs 
(Design capacity: 3,725 mt of feed per day) 

Description Cost, June 1978 dollars/mt 

Direct cost: 
Crushing 
Grinding 
Concentrating and electrowinning 
Waste and tailings disposal 
Restoration during production 
General operations 

Total direct cost 

Indirect cost: 
Administrative salaries and wages 
Administrative purchases and equipment 

Total indirect cost 

Fixed cost: 

Total oxide mill operating cost 

26 

$0.358 
0.643 
3.252 
0.213 
0.012 
0.632 

$5.110 

$0.226 
0.029 

$0.255 

$0.161 

$5.526 
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~~---, -~------------------------------------------------------'-------------------------------
STATJ~ /CNTRY: Ari.zona DISTRICT: Hclv0.tjn 

COUNTY/PSD: Pima COORD: N 31 0 51' 50" W 110 0 47' 50" 
------~----------------------------------------------------

~Q_U_A_D_-_SC_,A_L_E_'.. _: _S_c1_r_Il_l(l_r_i_t_a....c., __ 1_5_m_i_n ____________ N_N_1_E_: lJ e 1 vet fc1 \~ es t 

COMHODITIES: Cu SEQ. NO.: 004 019 0086 

~ OWNER/OPERATOR: Anamax Minfng Co. 

TYPE: Open pit STATUS: Prospect 

OPERATION SUHMARY: Open pit 2,645 short tons (2,400 tnt) ore per day plus 6,060 short tons 

!.,.-' (5,500 mt) of \-laste per day using 3 cubic yard loaders and 20 ton trucks, conventional sulfide 

flotation processing 2,645 short tons (2,400 mt) per day. 

RESOURCES: 23,500,000 short tons (21,315,000 rot) of sulfide and oxide ore averaging 0.75% Cu 

GEOLOGY: Pyrometasonatic deposit in Paleozoic limestones, ore mineralization-chalcopyrite, 

chalcocite, chrysocolla, bornite. 

LAND HOLDING: unknoHn STATUS: patented, fee ownership 

DOMAIN: private AREA POTEN. DISTURB: est. 1,441 acres (583 ha) 

. ENVIRONMENTAL FACTORS: Short term: Long term: 

LAND: tloderate moderate 

:' .. __ W_A_T_E_R_: ____________________ s_i-lg..!-n_i_f_i_c_a_n_t _________ s_i~g~n_i_f_i_c_a_n_t __________________________ _ 

AIR: nil nil 

FLORA: 

FAUNA: 

r SOUND: 
! 
t. , AESTHETICS: 

f - . OVERALL: 
i 

insignificant 

nil 

nil 

significant 

significant 

insignificant 

nil 

nil 

significant 

significant 

. OPERATIONAL/ECONOHIC DATA: Estinated costs: Mine capital cost $5,770,200, mine operating 

{' cost .- $7.l49/short ton ($7.883/mt) of ore, sulfide-flotation mill capital cost - $11,679,000, 

mill operating cost - $3.878 per short ton ($4.276 per mt) of ore. 

r . 
i , Financial Analysis Summary 

0% ROR 

"-. :.' OFFICE LOCATION IDC Ics IIA IE r I 1\.] IA $1.27/lb ($2.80/kg) 

FILES: DATA SIlEETS I I I I Ix I I 15% ROR 

BACKUP FILES r I I Ix I I $1.49/1h ($3.29/ke) 

, EVALUATOR: R. \-lest 

iii 
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INTRODUCTION 

Anamax Mining Company is considering dev'elopment of the Helvetia West 

copper property in the Santa Ri ta Uountains, southeast of Tucson, Arizona. 

The company expects to develop the property somet.ime in the future as an open 

pit mine and conventional sulfide flotation mill. The decision to go ahead 

with the project will be affected by national and international economics, 

supply and demand · for copper, company needs for new sources of supply and 

numerous other factors involving such things as taxation, pollution laws, 

processing techniques, environmental matters and availability of reduction 
r 

facilities. 

This report describes the proposed mining and milling methods, details 

capital and operating costs II for both the mine and mill, and determines a 

price per pound of copper for zero and IS-percent rates of return based 

on discounted cash flo,., analyses. All costs presented in the text are in 

January 1978 dollars. 

OPERATION DATA 

This section describes the location and ownership, history and environ-

mental impact of the Helvetia West property. 

Location and Ownership 

The Helvetia West property is 25 miles [40 kilometers (km)] II south of 

Tucson, Arizona, in the Santa Rita mountains. The deposit occurs in section 

15 of T. 18 S., R. 15 E., Gila and Salt River Meridian, figure 1. 

1/ Preliminary costing was done by Rick A. Salisbury and Paul Olmstead 
""i.1 Numbers are presented in English units follo\"ed by the approximate metric 

equivalent in parentheses. Values are rounded; therefore, neither is 
precisely convertible to the other. 
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The Helvetia property \.Jus originally leased by Anaconda from the Banner 

Mining Company of Tucson :tn 1964 <.~). Today the Helvetia Hest property 

is ovlncd by Anamax }1ining Company, a new company formed from the union of 

Anaconda and Arnax. In January 1977, Anaconda Co. ceased to exist as a 

separa tc and independent company when it was purchased by ARCO <.!.!). 

History 

Mineralization in the He1~etia district was discovered as early as the 

1870' s. Small operations produced in the 1880' sand 1890' s. The Rosemont 

Copper Company and the Helvetia Copper Company produced from the 1890' s to 

1901. Except for a few years in the early 1930's, the district showed contin-

uous but irregular production up through 1960 with the major output occurring 

during 1916-1919, 1944-1947 and 1957-1959. Since then there has been very 

little production (i). 

Allan Bmvman of Banner }Uning Company in 1948 began acquiring as much 

property as possi ble in the area. Banner's exploration drilling on these 

properties partially delineated the Helvetia West orebody and discovered a 

major new orebody--Helvetia East over the mountains on the east slope (~). 

Helvetia East, another Anamax property, is presently progressing toward 

development. 

Environmental Impact 

The overall environmental impact of the Helvetia West project is expected 

f . to be moderate. The major impact to the land will occur during the mining and 
i. 

milling operations. The largest single visible impact will be the open-pit 
S' 

mine. The resulting excavation will be about 3,7~O feet [1,128 meters (m)] 

2 



long, 2,200 feet (671 m) wide, and about 1,200 feet (366 m) deep. Most of 

the rock that is mined will be discarded in waste dumps or in mill tailings. 

The tailings and dumps will cover about 1,300 to 1,400 acres [526 to 567 hec~ 

tares (ha)] of land. Forty-one acres (17 ha) of land will be significantly 

impacted by onsite road construction and site preparation. 

The principal sources of atmospheric pollution will consist of dust and 

noise generated by vehicular traffic, blasting, loading of overburden and ore, 
. 

and crushing operations. 

, GEOLOGY 

The Helvetia mining district lies at the northern end of the Santa Rita 

Mountains to the southeast of Tucson. ' Precambrian schist and granodiorite are 

unconformably overlain by a thick sequence of Paleozoic marine deposits ,in-

r 
cluding quartzite, limestone, shale and sandstone. Mesozoic volcanics and 

! sediments unconformably overlie the Paleozoic sequence. Strong deformations 

by folding and faul ting took place during the middle to late Hesozoic and 

were accompanied by igneous intrusions. Normal faulting continued almost up 

[ " to recent times. 

The majority of the orebodies are of the pyrome tasoma tic or contact 

metamorphic type in lime-silicated Paleozoic limestones along or close to the 

contact with late Laramide quartz latite porphyry intrusions or along fault 

zones. The orebodies that have been mined were generally small and highly 

( -
irregular in outline. Copper is the dominant metal in the district but some 

lead and zinc is usually present. Molybdenum and tungsten have more erratic 

values. Silver values are often high but gold values are uniformly low. 

Nost of the deposits have been oxidized to various depths <§..>. 

3 
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Three-cubic-yard (2.3-cu-m) loaders and- 20-short-ton (IS-mt) end-dump 

trucks will be used for loading and hauling rock. The proposed stripping ra tio 

is slightly less than 2.3: 1, waste to ore. Rotary drills will be used for 

drilling; ANFO will be used for blasting. The powder factor will be approxi

mately 0.35 pounds per short ton [0.14 kilograms (kg) per rot]. The proposed 

bench height is 50 feet (15 m). Average haul dis tances will be about 2,461 

feet (750.m) with an 8-percent average grade. 

Because of variations in the distribution of oxide and sulfide ore, 

a detailed assaying and roet~llurgical testing program is planned. The 

program will consist of sampling each blast hole's cuttings except in 

overburden areas. Each sample will be analyzed. If the ore can be effec

tively treated by flotation it \vould be sent to the mill for processing. 

However, if the ore contains primarily oxide mineralization it will be 

stockpiled on a dump area for possible future processing; if the copper 

content is below that which can be economically processed, the material will 

be dumped in a waste area. 

BENEFICIATION 

The ore will be processed by conventional flotation methods at a rate 

of 2,645 short tons (2,400 mt) per day_ TIle mill will operate 350 days per 

year and three shifts per day. 

Crushing Section 

. All ore will be transported to the primary jaw crusher for reduction 

to 2-inch [5-centimeter (em)] size. The ore will then be fed to a second

ary cone crusher for further reduction to 0.38- to O.63-inch (0.97- to 

5 
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Copper mineralization in the Helvetia area consists of chalcopyrite, 

chalcocite, chrysocolla, "copper pitch" and bornite with associated pyrite, 

magnetite and iron oxides <12. 
RESERVES 

. Reserves entered on the Minerals Availability System resource matrix 

for the Helvetia West deposit are 1978 data, Appendix A. Proven ore reserves 

(90 percent probability) amount to 10,000,000 short tons [9,070,000 metric 
If 

tons (mt)] of oxide ore at O. 72 percent copper and 13,500,000 short tons 

(12,245,000 mt) of sulfide ore at 0.78 percent copper for "a total of 23,500,000 
. ,. 

short tons (21,315,000 mt) of oxide-sulfide ore averaging 0.75 percent copper 

(l). No grades for molybdenum, silver or gold are available; however, it is 

believed that they occur in at least trace amounts. 

At present there are no plans to procesi the oxide ore; instead, it will 

be stockpiled. In the future they might consider sending it to Twin Buttes, 

Arizona. 
PROPOSED MINING SYSTEM 

Because this property is nonoperating, detailed data are lacking. 

Therefore, an estimate of the proposed mining methods is presented. This 

estimate is based on company data, published information and the u.s. Bureau 

of Hines "Capital and Operating Cost Estimating Handbook" (10). Also, much 

of the data presented may be changed by the time operations begin at the 

property. 

At whatever future point Anamax begins operations, the company plans 

to mine 2,645 short tons (2,400 mt) per day of ore and approxima tely 6,060 

short tons (5,500 mt) of waste. The mine will be ope~ated 350 days per 

year, three shifts per day. 

4 
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l.60-cm) size. The crushed ore will then be £ampled and sent to the sulfide-

ore bins, figure 4. 

Grinding Section 

Crushed ore will be transported from the sulfide ore bin to the grind-

ing section. The ore will then be wet ground in rod mills operating in open 

circuit and in ball mills grinding in closed circuit with hydrocyclones. Over-

flow from"the hydrocyclones will go to flotation. 

Flotation Section , 

The flotation section will be composed of rougher, cleaner, and rec·leaner 

units in which the slurry will be upgraded to a copper concentrate. Slurry 

from the grinding section 1;vill flow to the roughers tvhere flotation will be.gin. 

The tailings from the roughers will flow by gravity to the tailings thickener, 

and rougher concentrate will be pumped to hydrocyclones. The underflow will be 

fed to regrind mills, and the overflow will be pumped to the cleaning flotation 

cells. Concentrate will be produced i~ the first few cells. Concentrate from 

the last cells will be fed to the recleaner cells for further cleaning with the 

cleaner rejects being returned to the grinding section. 

The concentrate will then be further upgraded in the recleaner section. 

Recleaner rejects will be returned to the cleaner feed, and the final copper 

concentrate will flow to the thickener. The underflow will be pumped to the 

filters, then the filtered concentrate cake will be conveyed to a storage 

area. 

Copper Filter Section 

The copper concentrate will be transferred to the copper-filter section 

for dewatering and preparation for shipment to a smelter. 
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Lime Preparation Section 

Lime will be slaked in a ball mill operating in closed circuit with a 

hydrocyclone to produce a slurry which will be pumped to storage tanks and 

then circulated to rougher flotation. 

Tailings Disposal 

The final plant tailings will be pumped to the tailings thickener; the . 
thickener overflow will be returned to the mill for use as process water. 

I 
The pulp will then be pumped to hydrocyclones where the overflow goes to the 

tailings pond, and the underflow goes to the tailings dam. The reclaimed 

r 
water from the tails will be pumped to a reservoir for storage and then to 

the mill for use as process water. 

l __ . . 
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ECONOMIC EVALUATION 

The economic evaluation made for the Helvetia West project consists of 

estimated capital and operating costs for mining and beneficiation. The costs 

were derived by compiling data from curves, cost factors, and equations in the 

u.s. Bureau of Mines' Capital and Operating Cost Estimating System Handbook 

(10). All costs are January 1978 dollars. 

Estimated Mine Capital Cost 

The estimated mine capital cost, based on a daily ore tonnage of 2,645 

short tons (2,400 mt), is $5,770,200, table 1. 

TABLE 1. - Estimated mine capital cost 

Cost items 

Exploration 
Access roads 
Preproduction development 
Mine plant and buildings 
Restoration during construction 

Mine equipment 
Engineering and construction managemen~ fees 

Working capital 

Estimated Mine Operating Cost 

Total cost . 

$265,700 
55,600 

364,700 
914,400 

29,500 
2,618,000 

387,100 
1,135,200 

$5,770,200 

The mine operating cost, based ' on a daily production of 2,645 short tons 

(2,400 mt) of ore, is estimated to be $7.149 per short ton ($7.883 per mt), 

table 2. 
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TABLE 2. - Estimated mine operatinG cost 

Cost items 

Production development 
Mining of ore 
Restoration during production 
General operations 
Administative costs 

TOTAL ANNUAL OPERATING COSTS 

Cost/short ton 

$3.361 
1.829 
0.112 
1.510 

.337 
$7.149 

Estimated Beneficiation Capital Cost 

Cost/metric ton 

$3.706 
2.017 
0.123 
1.665 

.372 
$7.883 

The estimated beneficiation capital cost, based on a single-product 

flotation section and a daily ore tonnage of 2,645 short tons (2,400 mt), is 

$11,679,000, table 3. 

Cost items 

Crushing 
Grinding 
Concentrating 

TABLE 3. - Estimated beneficiation capital cost 

Waste and tailings disposal 
Clearing 
Utilities and facilities 
Restoration during construction 
Engineering and construction management fees 
Working capital 

TOTAL CAPITAL REQUIRED 

Estimated Beneficiation Operating Cost 

, 

Total cost 

$1,205,900 
3,346,800 
1,079,600 

635,400 
18,800 

3,719,200 
17,700 

1,039,900 
615,700 

$11,679,000 

The estimated beneficiation operating cost, based on a single-product 

flotation section and a daily feed tonnage of 2,645 short tons (2,400 mt), is 

$3.878 per short ton ($4.276 per rut), table 4. 
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. TABLE 4. - Estimated beneficiation operating cost 

Cost items 

Crushing 
Grinding 
Concentrating 
Waste and tailings disposal 
Restoration during production 
General operations 
Administrative 

Cost/short ton 

$0.302 
1.442 

.818 

.116 

.023 

.893 

.284 
TOTAL BENEFICIATION OPERATING COST $3.878 

ECONOHIC ANALYSIS 

Cost/metric ton 

$0.333 
1.590 

.902 

.128 

.025 

.985 

.313 
$4.276 

The economic analysis was ~ade by using the MAS MINSIM4 computer program. 

Results of the economic analysis show a breakeven operation at a copper price 

of $1.27 per pound ($2.80 per kg) copper. The prices of copper necessary to 

obtain a 0- and IS-percent rate of return were determined, table 5. 

Rate of return 

0% 
15% 

TABLE 5. - Economic analysis 

Price/lb 

$1.27 
1 .. 49 

10 
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APPENDIX A 

Appendix A is a computer printout of the Helvetia West file from the MAS 

data base. Information in the data base is in metric units. Further details 

and explanation of entries are in the ~~S data base manual. 
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