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To R. L. Brown 

Southwestern Exploration Division 

July 19, 1984 

Some Porphyry Copper Bistory 

22. 

Under existing dismal market conditions, l'm sure you will agree that porphyry 
copper tales make something less than exciting reading. This is the final 
installment. 

PART t l  I 

BAGDAD 

Gila Conglomerate capped by basaltic flows covered the Bagdad porphyry 

copper deposit late in the Tertiary period. These units were truncated by 

modern erosion, exposing sizeable areas of leached capping, as well as the 

southern edge of the enriched zone (Figs. 61A & B). Early day miners were 

attracted by rich accumulations of oxide copper in outcrop (derived from 

chalcocite in sub-outcrop) and eventually dug their way deep into the 

blanket, which ran in part well over 2.0% Cu. This discovery, made in 1905, 

was followed up later by churn drill exploration. A reserve of some 

13 million tons of 1.68% Cu was reported in 1917. Over subsequent years, 

during which small but richer portions of the ore were mined and milled, 

Asarco made several evaluations and at one time almost "took the plunge," 

but in 1940 H. A. Guess* terminated negotiations, advising Loerpabel** by 

telegram that~ "15¢ market necessary for capital outlay on 20 million tons, 

I.O% ore body. Outlook for 15¢ copper over 20 year period not bright and 

e n t e r p r i s e  risky." 

Three years later, having obtained an RFC loan, the Bagdad Company 

started block-cave mining at 2500 tpd. Plagued by ore dilution, largely due 

to ineffective draw control, the cave system was replaced by open pit mining 

(4000 tpd) in 1947. By 1956, nearly 14 mil]ion tons grading .98% Cu had 

* V.P. and Manager of Mines, N.Y. 

** Manager of Southwest Mining Department. 
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been milled (most of the concentrates shipped to Asarco smelters), but with 

little return to Bagdad stockholders. With the operation in a somewhat 

precarious state financially, Asarco undertook yet another evaluation*. 

This effort involved extensive studTes of the drilling and sampling, ore 

reserves, metallurgy, exploration possibilities, water, power, etc. By 

this t~me most of the chalcocite "cream had been skimmed," but chances 

looked fairly good for a substantial tonnage of .60 to .70~ prTmary ore. 

This potential appeared to ]ie within the projected "zone of stronger copper 

mineralization," as shown on the small-scale plan (Fig. 62). Also outlined 

is the ore body as indicated by drilling, extent of alteration, ]ava-capping 

and the then existing pit perimeter. 

In brief, the estimated reserve, including both "indicated" and "inferred, 'r 
(6S) was reported as follows: 

Tons ~ Cu 
Cutoff (Millions) Total W/O Ratio 

.40% Cu 101 .68 1.63/I 

.50% Cu 69 .77 2.73/I 

It was also pointed out (65A) that "considering the possibility of 

eventual commercial interest in deposits averaging around .5% Cu, it should 

be emphasized, we believe, that Bagdad has a huge tonnage potential in material 

of that grade." 

Bagdad capping contained an unusual amount of copper as oxide. To provide 

the required acid, an alternative to the conventional smelting of concentrates 

was investigated. This process, proposed by Dick Vincent**, requTred fluosolid 

(fluid bed) roastTng of concentrates***, producing cement copper, with the 

resulting acid used for calcine leaching as well as heap leaching. Based on 

* Earlier, in 1952, J.G. Pearcey of the Mining Dept. had calculated a reserve 
of 16.5 million tons at .77% Cu. 

** Asst. Chief Milling Engineer, Asarco 

*** At the time, Bagdad was treating 5 tpd of flotation concentrates in a pilot 
fluosolids plant, producing cathode copper by solvent extraction - 
electrowinning. 
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a rate of 10,000 tpd (.5% Cutoff)~ less capital was required, but operating 

costs were higher than conventional treatment; however, the operating profit 

per ton was also higher (over 20%) than conventional treatment. At 31¢ copper 

the roast-leach process looked modestly attractive with an operating margin of 

$1.65 per ton, exclusive of proceeds from dump leach. But this was 2¢ over 

Asarco's forecast price .... and viability of the process, including pro- 

duction of acid for dump leaching, was questioned. The project failed to 

reach the negotiating stage. Four years earlier the price of J.C. Lincoln's* 

56% of the stock was $6 million. 

The mine continued production and in 1973 merged with Cyprus**, forming 

the Cyprus Bagdad Copper Company. Asarco terminated its smelter contract the 

following year and in 1977 the flotation plant was expanded from 6000 to 

40,OOO tpd. Reported ore reserves: 303 million tons at .49% Cu, .03 Mo. All 

of Cyprus' holdings were taken over by Standard 0ii of Indiana in ~979 and in 

1981 Bagdad's production rate was increased to 54,000 tpd. Fn 1982 the mill 

processed 19.2 million tons, recovering 8.4 Ibs Cu per ton .... plus 6,500 tons 

of cathode copper from dump leach. In Dec. 1983 production was 56,000 tpd and 

reserves, 400 million tons of .46% Cu and .02% Mo. 

C. A. Anderson (65B) was the first to recognize potassic alteration at 

Bagdad (1950). He found that dark granular textured rocks that had been called 

diorite were originally quartz monzonite porphyries. Abundant brown leafy 

biotite had replaced book biotite and hornblende, and albite had replaced 

plagiocTase accompanied by an increase in orthoclase and quartz. Occurring 

principally as narrow ribs (in outcrop), quartz-orthoclase-sericite was con- 

sidered the second of two alteration facies. 

* President of Bagdad Copper and majority stockholder. 

** Cyprus operated the Bruce Mine, a nearby Cu-Zn massive sulphide 
deposit. 
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Anderson noted that hydrotherma] b i o t i t e  and/or orthoclase occurred in 

some other deposits (Ajo, San Manuel, Ely and Bingham), but " s e r i c i t i c  a l t e r -  

at ion appeared to be common to a l l  the porphyry coppers." 

Progress was being made, but potassic a l t e ra t i on  was s t i l l  regarded as 

the exception rather than the ru le,  and i ts  close associatTon with r e l a t i v e l y  

strong hypogene copper minera l izat ion not general ly recognized . . . .  not un t i |  

1970, when the Lowel l -Gui]bert  paper on a ] tera t ion-minera l iza tTon zoning in 

porphyry copper deposits was published ' "~66). 

MT. TOLMAN (San Poil) 

You no doubt will recall a 1957 expedition to the San Poll prospect* on 

the Washington State Colville Indian Reservation, where we sampled dumps and 

mapped occasional outcrops of porphyry copper alteration on primitive air 

photos borrowed from the U.S.G.S. ---- and, the old gun-toting prospector 

who ran us off his claim on the southeast slope of Mt. Tolman. Down slope, 

disseminated sulphides exposed at shallow depth in old workings, contained 

appreciable value in moly (.04%), but only a few hundredths copper. Although 

the areal extent of the zone did not appear very large, a more thorough 

investigation was considered warranted (67)., however, no action was taken by 

the Northwest Mining Dept. 

Several years later, after Bear Creek moved in and dril]ed Mt. Tolman, 

Tt became painfully apparent that our San Poll prospect area covered only a 

minor southeastern prong of a substantial-sized zone of porphyry copper-moly 

mineralization .... around 200 million tons grading .12% Cu and .08% Mo (Fig. 

63). The rock chip sample map (FTg. 64) shows the area sampled in 1957 and 

the extent of Bear Creek's geochem moly anomaly. 

* Dug out of Northwest Mining Dept. files and literature. 
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In 1976, under pressure from the Indians, Kennecott gave up their lease. 

Two years later several other mining companies were invited to submit bids on 

the property. A rising moly market had by that time e]evated the Mr. Tolman 

deposit from marginal to potentially profitable. And, in view of the explor- 

ation possibilities also existrng, the property was considered worth going 

after (68) Based on a production rate of 20,000 tpd, 63¢ copper, $4.60 moiy 

and 20% of net proceeds royalty, an R.0.1. of 12% was estimated (69) How- 

ever, the risk of investing plus $100 million in a deposit with a substantially 

lower grade* than that of the larger moiy operations was adjudged too high 

by management and a bid was not submrtted (70). Eventually AMAX won out by 

giving the tribe what was likely the most lucrative deal ever negotiated by 

Indians anywhere .... $8.5 million (bonus and advances) on signing, another 

$8.5 million in two years (1980) and, after recovery of capita], 50% of net 

revenues. 

AMAX proceeded with a large drilling program, resulting in a much greater 

tonnage (900 million) at a much lower grade (.06% Mo, .09% Cu)**. initial 

preparations for a 60,OOO tpd open pit operation had gotten underway; however, 

moly demand continued its decline and the project was abandoned in Dec. 1981. 

BATTLE MOUNTAIN 

At a publ ic  auction back around T959, Asarco acquired some secondhand 

m i l ] i ng  machinery as well  as large mining claim blocks in the Copper Canyon 

and Copper Basin areas covering two separate zones*** of porphyry copper 

m i n e r a l i z a t i o n - a l t e r a t i o n  (Fig. 65), a l l  fo r  the sum of $t25,000. The auction 

was held by the Small Business Administ rat ion which had foreclosed on a loan 

to the Copper Canyon Mining Co. In years past, Anaconda dredged placer gold 

* Including copper as moly equivalent, the Mr. Tolman grade would 
approximate .12% Mo (Henderson .24% Mo, Climax .... .17% Mo). 

** Form IOK, 1979 Annual Report 

*** Excepting a few key claims in Copper Canyon held by H.B. Chesser. 
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and mined primary copper in the Canyon area and chalcocite ores in the Basin. 

Following purchase of the property, the Salt Lake City staff carried out 

mappEng Tn both areas, and had drilled a few holes in Copper Canyon when (in 

~960) the Salt Lake exploration office was closed and direction of the project 

shifted to Tucson. [ncidentally, our first look at their maps revealed 

surprisingly attractive exploration possibilities, indicated by old churn 

drill results, particularly in the Basin area. It later became apparent, 

however, that this was an illusion which had been created simply by leaving 

off the maps those holes in waste or low grade~ (71) 

After much digging through the files, a more complete picture was finally 

assembled. It was evident that ore-grade chalcocite enrichment was generally 

confined to narrow zones Tn Pa]eozoic clastics (arg[ilite, limey shale, sand- 

stone) adjacent to the porphyry intrusives which contained for the most part 

only low grade primary copper. (Sizeable areas of green-stained porphyry in 

the Canyon area outcrops, averaging around .50% Cu, were initia]ly considered 

to hold the principal exploration potentia] t72J.) 
t ~ 

Eventually, we concluded that (quoting from the report (73)) "The odds 

against discovery of a large ore body are quite heavy; however, the chances 

of developing several small deposits, the aggregate of which could amount 

to a commercial tonnage .... sufficient to support a 5000 tpd operation, or, 

say 5000 tons of concentrate per month .... are regarded as fair." This 

potential included an estimated 18 million tons of .77% Cu, .02 Au, .50 Ag 

at Copper Canyon which also had untested possibilTties Tn a gold-bearing 

conglomerate running around $5.00 per ton (at $35.00). This reserve included 

the Chesser ground on which a lease had been obtained. 

Our request of $65,000, principally for drilling, was turned down and 

later the property was leased to Duval Corp. on a royalty basis. Eventually 

(in 1967)~ they started both leaching and milling (4500 tpd) operations, but 

not before persuading Asarco to cancel the royalty and quit-claim the property 

-6- 



i !iiii!i 

Some Porphyry Copper History July 19, 1984 

in return for payment of a modest sum (equivalent to Asarco's expenditures). 

Silver began its upward price trend in '67, gold in ~68. Copper started 

its long climb in '64, peaking out in 1980. However, over the years, leach- 

precipitation provided the principal source of profits for Duval, although 

both gold and silver contributed substantially to the value of the oremi]led. 

Open pit gold mining commenced in 178; copper milling was discontinued the 

same year, the plant being modified for gold ore treatment. 

At this time, Duval is milling 3200 tpd gold ore and treating dump-leach 

copper by solvent-extration-electrowinning. A new open pit gold deposit 

containing 16 million tons of .14 Au, .52 Ag is scheduled for production in 

1985. 

In a recent paper on Copper Canyon (74), 2 ore bodies* in sediments are 

shown occurring adjacent to a grandiorite porphyry. Strong potassic alter- 

ation, chiefly biotite, pervades the intrusive and spreads outward, encom- 

passing the major part of the East deposit and all of the West deposit 

(Fig. 66). And, as indicated, less than 2% sulphides (pyrrhotite-pyrite- 

chalcopyrite) occur in the intrusive, although the eastern one-third of the 

mass contained over .40% Cu and was mined as leach ore. No mention is made 

by the authors of this green-stained porphyry (indicated on Fig. 66); however, 

it is worthy of note that early in the game we were puzzled by the apparent 

absence of sulphide cavities and iron oxides in this almost fresh-appearing 

rock .... suggesting that the copper had been transported from another source. 

Petrographic studies at that time indicated that the copper was present as 

silicate, ]argely in the lattice of feldspars. 

Although I have not visited the area since open pit mining began, it 

now seems probable that, (I) the copper in the porphyry occurred as very 

finely divided cpy and (2) during weathering, reactivity of the potassic 

* The West ore body, a non-outcropping skarn deposit, was discovered 
by Ouval. 
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alteration (plus a low iron-sulphide to cpy ratio) precipitated the copper 

as silicate with little or no transportation involved. What became of the 
(75) i ron is an unanswered quest ion.  S imi la r  cond i t i ons  ex is ted at  Yer ington 

Fn respect to a l t e r a t i o n ,  Tt is now obvious that  the large zones o r i g i n a l l y  

mapped (Fig.  65) should be classed as weak a r g i l l i c ,  and that  s i g n i f i c a n t  

copper m i n e r a l i z a t i o n  was confTned to r e l a t i v e l y  small zones of potass ic  

a l t e r a t i o n  in the porphyry and the enclos ing sedimentary rocks. 

25. ROSEMONT 

The HelvetTa district, which had been known since the 1880's for its 

small production of direct-smelting copper ores, received considerable publicity 

in 1957 when the Lewisohn Copper Corporation drilled Peach Hill, finding 

IO million tons of partially oxTdized porphyry copper skarn running 0.80% 

tota] Cu. A few holes in the Elgin area adjacent indicated a possibly equal 

amount of mineralized skarn and porphyry with 0.70% Cu. Other occurrences 

included Broad Top, a very low-grade breccia pipe, and Rosemont (Fig. 67), a 

small area of skarn exposures assaying 1.0 to 2.0% Cu. 

This, in brief, was the picture in 1958 when the Tucson office undertook 

an examination of the entire district. Several small, altered intrusive 

porphyries were mapped, but limonites in the leached outcrops indicated little 

more than weak primary copper, confining ore potential to the skarns. The 

Peach-Elgin Zone was found to be cut off at shallow depth by a low-angle, 

post mineral fault .... its probable "roots" being in the sub-marginal copper 

mTneralization of Broad Top. As for Rosemont, detailed mapping appeared to 

limit the extent of ore-grade skarn (derived from Paleozoic limestones)to a 

small area. Relatively weak copper mineralization occurred Tn Mesozoic 

clastics (hornfels) over a much larger area (Fig. 68). Also, there were 4 old 

diamond dril! holes which had been collared east of the best showings. All 

cut barren or weakly mineralized shale, including one which was aimed directly 

-8- 



i iii!!~ i ~i ~ 

Some Porphyry Copper History July 19, 1984 

at the downward projection of ore-grade in outcrop. On the surface, steep 

westerly dipprng shale beds suggested a possible overturned relationship 

with the Paleozoics. The maximum potential .... 5 to 10 million tons at 

1.0% Cu .... was considered too small (76, 77) and we backed away. 

Three years later, Banner Minrng tied up the Lewisohn properties. 

Reportedly, they put down only one hole at Rosemont before closing a deal 

with Anaconda (in 1963) which included all of their holdings in the He]vetia, 

Twin Buttes and Pima districts. Some time later, word came around that 

Anaconda had a big drilling program going at Rosemont, and I well remember 

the day we took a charter flight over the area and observed a half dozen 

driTl rigs strung out from the skarn prospect for over a half mile to the 

south .... a disturbing sight, to say the least. Several years passed, 

during which very little information leaked out. Eventually, in 1973, spec- 

ulation was put to rest somewhat by publication of the reserve (by Anamax) 

.... 320 million tons at 0.64% Cu. 

During the past year Asarco examined Rosemont data (the property being 

up for sale). As reported (78) the sulphide ore reserve based on open pit 

mining plans, amounted to: 

317 million tons at 0.58% Cu, W/0 - 3.37 to I. 

The geologic reserve included .257 oz. Ag and .019% Mo. Sizeable zones of 

plus one percent copper are present, but most are too deep to be reached in 

the early years of open pit mining. 

Although not anywhere near economic under present conditions, this 

sizeab}e copper bearing skarn deposit escaped detection earlier, being 

largely concealed by shales which had moved in on a low-angle, pre-mineral 

fault (Fig. 69). 

-9- 
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26. TWIN BUTTES 

Located 6 miles south of the Mission, the Twin Buttes pit started 

production at 25,000 tpd late in 1969. A reserve of 436 million tons at 

0.63~ Cu, 0.03% Mo, was reported by Anaconda, the operator. Our involve- 

ment in events preceeding Anaconda's discovery of this prophyry copper 

skarn deposit, concealed by 400 to 600' of graveT cover, is a story which 

ends in frustration. 

Back in 1957, during the Mission drilling, it became apparent that the 

mineralized beds there were cut off in depth by a low angle, post-mineral 

fault, the so-called "San Xavrer Thrust." We regarded the fault as a 

probable gravity slide, and since the dip was easterly (around I0°), the 

search for "roots" was first directed to the Sierrita Mts. on the west. 

However, mapping of the entire range fai]ed to turn up any promising leads 

(79) . Subsequently, studies of outcrops in the Twin Buttes area* revealed 

a f a i r l y  close correspondence to those in the Pima-Mission area, in respect 

to i i thoiogy and stratigraphy. The key ingredient, intrusive porphyry, was 

missing, but, i t  was concluded that such could be concealed by extensive 

gravel cover east of the Buttes. The cover on our new lead was, however, 

soon to be blown . . . .  by publication (June 1960) of Cooper's USGS Bulletin (80) 

wherein the Twin Buttes area was designated as the original location of the 

Pima-Mission zone of copper mineralization, pr ior  to a 6½ mile northerly 

displacement on the "San Xavier Thrust. ~' 

Two days after de]ivery of the BuTIetin, we had managed to stake 162 

Federal claims in Cholla Fiat on open ground immediately east of Banner 

Mining's claims (several years old) which covered part of the target area. 

We had expected the desert growth to be teeming with competitors, but none 

appeared not unti] months later. AFter putting down 12 holes well into 

bedrock, overlain by 600 to 800' of gravel, i t  was apparent that Asarcols 

WG claim group covered, at best, only a piece of the eastern fringe of the 

* Conducted by John E. Kinnison. 
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postuTated zone of mineralization (81) The probable limits of this zone, 

as drawn by Kinnison in April 1961, are shown on Figure 70 .... essentially 

all within Banner ground. 

Prior to this time, Alan Bowman of Banner had suggested a deal wherein 

Asarco could earn a 50% interest in their Twin Buttes property by spending 

one million dollars on exploration, subject to approval by the Banner Board 

of Directors. We were never able to make any progress on the deal and Tater, 

in July 1961, Bowman advised that they would drill a few holes before any 

further consideration of a joint venture (82). Some time thereafter, Banner 

invited essentially all major companies except Asarco*, to examine their 

properties. An agreement**, presumably giving Banner everything they asked 

for, was completed with Anaconda in 1963. The ore deposit which Anaconda 

subsequently drilIed out, obviously represented the "roots" of the Pima- 

Mission zone. The irony of this whole scenario was that Anaconda's top 

exploration personnel held from the beginning that the Eisenhower (and Pima- 

Mission) mineralization bottomed on an intrusive, rather than a fault 

contact***. 

Eventually the WG group was turned over to Anaconda after they had 

completed sufficient drilling on the claims to rule out any appreciable ore 

potential. 

* Asarco's business relations with Banner had deteriorated considerabley 
following collapse of negotiations involving their Eisenhower claims. 

** Cash payment of $3.6 million ("lease bonus," etc.); 1965 thru 1976, 
$1.75 million advance roya]ty per year. Anaconda to provide all 
funds and recover capital investment over 12 year period, during 
which profits split 50-50. 

*** Persona] communications. 
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The open pit operation ran into serious trouble during the second year 

of production, when a plus 100 million ton sITce of gravel forming the SW pit 

slope, started moving on fault planes. Attempts to hold the slide by cable 

bolting failed and a new pTt was eventually excavated on the NE (Fig. 71) 

requiring a very large additional investment in stripping; also causing a 

sharp drop in ore grade and 10 months interruption in ore production. 

In 1973 Amax acquired a 50% interest, forming a company named Anamax. 

Two years later an agTtation leach-electrowinning oxide ore plant went into 

production at IO,000 tpd. In 1977 AtlantTc Richfield acquired Anaconda. 

Through 1982, sulphide ore production amounted to approximately 120 

million t o n s  at 0.92% Cu*. 

At the end of 1981 reported ore reserves were 294 mTllion tons of 

sulphide at 0.65% Cu, 0.03% Mo, 0.2 oz. Ag, and 37 million tons of oxide 

at 0.94% Cu. At the beginning of the same year, a total of 1.26 billion 

tons had been removed from the pit, 117 mF11ion tons of'which was ore, 

sulphide plus oxide .... a 10.7 to I W/O ratio!~ As of January 1983, mining 

ceased in the Twin Buttes pit; however, milling continued on feed from the 

Eisenhower claims and the leach plant also continued operation on stockpiled 

oxide ore. 

According to a 1982 publication (83), the principal ore-bearing rocks 

of the Twin Buttes deposit are steep-dipping Paleozoic limestones on eTther 

side of a Laramide intrusive complex (Figs. 72, 73). Lesser amounts of 

copper, mainly chalcopyrite, occur in the Mesozoic clastics, Laramide 

porphyries and Precambrian granite. As shown in Fig. 74, the best concen- 

tration (2.0% Cu) is present in garnet-diopside alteration of a 170' thick 

bed (Epitaph) of Permian carbonate. Next best is 1.5% Cu in 250' of PermTan 

Concha. 

L • 

* Compiled in part from annual reports showing only tons of ore and 
Ibs. of copper (recovery estimated at 85%). 
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Many lithologic and mTneralogic features of the Twin Buttes deposit, 

including porphyry age dates*, closely resemble those at Pima-Mission; how- 

ever, there is essentially no match structurally. This is readily accounted 

for by probable deep, post-fault erosion in the Twin Buttes area (see 

section at bottom of Fig. 75). Oxidation is also relatively deep, ranging 

from 25' to 800 r and averaging around 200 ~ (?) below the bedrock surface. 

SACATON 

The Poston and Mineral Butte discoveries provided further evidence of 

the existence of a SW trending porphyry belt projecting across the major NW 

trend of continental extent. What became the Sacaton "discovery outcrop," a 

small knoll Tsolated by extensive alluvial cover, was found** near the 

intersection of the 2 trends (Figs. 76 & 76A). The search had been narrowed 

somewhat by a letter dug out of the files, which reported rich copper oxide 

in the bottom of a water well put down in 1919 "somewhere near Casa Grande. r' 

Attempts to locate the wel] were unsuccessful, however. 

Viewed from a distance, the outcrop was inconspicuous, showing only a 

very pale yellow-brown tone. Quoting from the initiaT report of Feb. 12, 

196I (84). 

"The rock on th is  small h i l l  is pervasively s e r i c i t i z e d  and kao] in ized 

gran i te ,  containing l imoni te a f t e r  py r i t e  and traces of " l i v e "  l imoni te .  An 

a l tered porphyry dike cuts the southern slope. The o r i g ina l  to ta l  sulphide 

content is estimated to have been about 2%. 

Although the capping exposed on th is  h i l l  does not suggest that ore 

l ies  d i r e c t l y  beneath i t ,  i t  may be the p y r i t i c  por t ion of a larger porphyry 

copper depos i t . "  

* 54 - 58 m.y. 

** By John Kinnison and Art Blucher. 
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A f t e r  o b t a i n i n g  op t ions  on the fee land and p rospec t i ng  permi ts  on the 

State land, the Geophysical Dept. ran s iesmic ,  magnetometer and IP surveys.  

The seismic r e s u l t s  were encouraging in tha t  they i nd i ca ted  on ly  100-200 ~ 

of  cover in the area; however, i t  l a t e r  became ev ident  t ha t  the upper sur face 

of  a t h i c k ,  pos t -m inera l  conglomerate had been i n t e r p r e t e d  as bedrock. IP 

measurements detec ted anomalous response, but the l a t e r a l  ex ten t  o f  " s i g n i f -  

i can t  sulphide mineralization" was limited to a 2000' diameter zone enclosing 

the discovery outcrop (Fig. 77). 

The head office (New York) took a dim view of the prospect's porphyry 

copper potential, in view of the small areal extent of the [P anomaly. 

However, $30,O00 for 6 holes was authorized with the implication that the 
(85) 

project would have to "sink or swim" on this sum of money The first 

5 holes (FTg. 77) cut disseminated sulphides under the leached capping, but 

failed to find other than very short intercepts of ore grade. A heated 

debate took place in the Tucson office as to where No. 6 should be located 

.... where to '~shoot the last wad." Eventually No. 6 was drifTed .... not 

on the hypothesized NE trend, but NW of the outcrop (Fig. 77) hitting 

sufficient ore grade copper to keep the project going. 

By late 1963, wide spaced (500-700') drilling had roughly defTned 2 

separate zones of chalcocite enrichment, the relative]y shallow "West" 

deposit and the deep 'fEast" deposit; the latter with an indicated reserve 

of 8.6 million tons at 1.40% Cu, the former with 13.3 million tons at 

1.18% Cu. However, closer spaced drilling was not undertaken as the Mining 

Dept. considered the deposits non-economEc at the then existing price of 

copper (30¢). Later, in 1968, the market improved and drilling was resumed 
(86) 

to better define the reserves. Subsequently, results were reported 
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as follows: 

West, Open Pit* 

East, B]ock-Cave 

Tons % Cu % Mo Oz Au Oz Ag W/0 

22,400,000 .86 .016 .003 .13 6:1 

14,558,000 1.36 .028 .004 .07 

Statistical Analyses* indicated that there was sufficient drilling in the 
(86) 

West deposit to consider it measured within acceptable limits 

Samples for metallurgical work consisted of 6" dia. cores recovered 

from 15 holes, the locations of which were determined by variations in ore 

mineralogy as indicated by the exploration drilling, incidentally, th~s 

method provides overall a more representative sample than the underground 

approach which is limited (by cost) to onlya port~on of the whole porphyry 

copper ore body. 

In 1972 pit plans were expanded to include a larger tonnage with a 

lower average grade and lower stripping ratio, as follows: 

Tons ~ Cu W/O 

West, Open Pit 33 million .76 4.8:1 

The Sacaton ore bodies, in Laramide porphyries and Precambrian granite, 

were formed by supergene chalcocite enrichment of hypogene mineralization 

grading around .50% Cu. Relatively strong potassic alteration was no doubt 

associated with the better hypogene copper mineralization, but subsequent 

phyllic alteration has been effective Tn obscuring such a relationship**. 

As shown Tn cross-section (Fig. 78) in a recent publTcation (87), one body 

lies below sea level and the other well above. The author observes quite 

logically that prior to the development of the horst-graben structure, there 

was very likely just one more-or-less continuous chalcocite blanket. Later, 

* By Carl E. Williams. 

** Personal communTcation, R. B. Cummings. 
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the major post-mineral structural event took place .... development of the 

Basement fault, which sliced off a piece of the East ore body (Fig. 79). 

Being with the uplifted horst b]ock, the West ore body suffered deep 

oxidation and leaching .... in an irregular pattern which roughly coincides 

with the "pre-mineral breccia core" (Fig. 80). Some evidence of thTs chal- 

cocite destruction was noted in drill cores, but the fu]l extent was not 

apparent until mining was well under way. 

Well along in the exploration drilling, it became evident that the 

entire Sacaton zone of alteration-mineralization was within a post-enrichment 

fault block which had probably moved a considerab]e distance, either to the 

NE, or SW. 

Open pit mining commenced ear]y in 1974, averaging 11,500 tpd miT1ed 

over the years since. By the end of 1982 production amounted to 33.8 million 

tons at .66% Cu. The discrepancy (13%)* between predicted and mill head 

grade was primarily due to unforeseen "gaps" in the chaicocite blanket created 

by highly irregular zones of oxidation and leaching (mainly in the top 3 ore 

benches), only a small number of which were, by chance, hit in the surface 

drilling. In some instances, Tt was found in mining that the chalcocite ore 

in a drill hole was only an "Tsland" surrounded largely by leached rock. The 

erratic pattern of ore-waste contacts, in general, caused more than the normal 
(86A) 

amount of mine dilution. Another factor was, as noted by J.J. Collins 

"...the mill was completed before the mine was fully developed; hence, the 

choice of mill feed was limited and the grade apparently suffered." 

Work on the shaft sunk to develop the East ore body was discontinued in 

the fall of '81. The high cost of grouting to control water (±12OO gpm) 

* The first 3 years' production was largely responsible for the 13% 
difference over a period of 9 years. 
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encountered beneath the Basement Fault was a major factor in the shutdown 

decision. The pit ore body was mined out and the operation closed down at 

the end of March 1984. 

28. SANTA CRUZ 

The search for the "roots" of the NE-SW elongated Sacaton fault block 

began on the NE, simply because the opposite direction led into the presum- 

ably much deeper cover of the Santa Cruz valley. This effort was unsuccessful. 

With essentially no other alternative, we started drilling to the SW (in July 

'64), on spacing comparable to that of wildcat oil exploration (initial hole 

locations being determined mainly by the positions of scattered State and 

Federal land parcels). The first hole, 1½ miles SW of the Sacaton deposits 

(Fig. 81), hit barren Precambrian schist bedrock at 2860'; the second at 

4 miles, found very weakly altered and mineralized Precambrian granite at 

2530' The move to the 3rd hole proved to be "off the beam." The 4th (SC-4), 

6 miles SW from Sacaton, hit what later was demonstrated to be well within the 

"root" zone .... strongly altered, leached granite bedrock at 1380'. Although 

the capping contained moderate amounts of "live" limonite, only pyrite and 

very sparse cc was encountered below in less altered porphyry. There was some 

encouragement though .... in finding relatively "shallow" bedrock below the 

valley bottom. However, SC-5 & 6, S and SW of SC-4, went down "over a cliff," 

cutting weakly altered granite bedrock at 3605' and 4150 ~, respectively.* 

Drilling continued (rotary with spot coring only) through SC-17 (Fig. 81), 

finding appreciable values in bedrock in but 3 holes (SE-12-13-14), the best 

oxide intercept being 37' of .98% Cu in SC-12 and the best chalcocTte, 90' of 

.76% Cu in SC-14 at a depth of 2150' SC-16 cut 90' of 1.4% Cu, but as exotic 

* Our drilling engineer, Joe Wojcik, reported that this was no doubt a record 
depth for diamond bit coring in an uncased rotary hole in overburden. Kenyon 
Richard's comment was: "Records such as these, we don't need~" 

-17- 



!;i~ ̧ 

3̧ i̧!̧  ̧ • 

Some Porphyry Copper History July Jg, 1984 

oxide copper in a post-mineral conglomerate* underlain by very low values in 

porphyry bedrock. Nothing better than low grade primary (cpy) was encountered 

in any hole. 

I t  was then conc]uded tha t  extensive,  post-enr ichment  ox ida t i on - l each ing  

had destroyed most of the cha lcoc i te  and that  the chances of  f i nd ing  a deposi t  

of s u f f i c i e n t  s ize and grade to be mineable . . . .  at depths o f  plus 2000' ,  and 

over la in  by wate r -bear ing  va l l ey  a l l u v i a l s  . . . .  were too s l im to war rant  f u r t h e r  

exp lo ra t i on  expendi tures.  The p ro jec t  was abandoned in July '65 (88) ,  a move 

that  was l a t e r  demonstrated to be shor ts igh ted ,  to say the leas t .  

During that  year the copper supply-demand imbalance increased sharp ly ,  

d r i v i n g  the market p r ice  more-or - less  s t e a d i l y  upward through 1970. Copper 

looked good, both shor t  and long term. The dec is ion to put Sacaton i n to  

product ion was made during th i s  time and there were e f f o r t s  to revive Santa 

Cruz. B.E. K i l p a t r i c k  restudied a l l  data, inc lud ing  d r i l l  cores and sTudges, 

and recommended 2 holes in the 4800' space between SC-13 and SC-14 (83) 

Later ,  W.L. Kurtz also ca l led  a t t e n t i o n  to the wide spacing of  the Santa Cruz 

d r i l l i n g ,  po in t i ng  out in e f f e c t  that  there was room fo r  2 or more Sacaton- 

sized ore bodies between holes showing s i g n i f i c a n t  copper m i n e r a l i z a t i o n .  An 

au tho r i za t i on  of $1,780,000 was requested fo r  purchase o f  p roper ty  and f i ve  

2500' d r i t l  holes (90). I f ind no record of  ac t ion taken on th i s  recommend- 

a t i on ;  however, p roper ty  nego t ia t ions  continued i n t e r m i t t e n t l y  f o r  some t ime, 

un t i ]  in Aug. 1974 land a c q u i s i t i o n  commenced under terms o f  an Asarco-Freeport  

joint venture (50-50). 

About the same time, J.D. Lowell, agent for Newmont-Hanna-Getty, started 

negotiating for land in the area. After the dust settled, Asarco-Freeport 

had acquired most all of the apparently critical ground, with the exception of 

the SE quarter of Section 13 (Fig. 81). 

* Later logged as a "slide block" by H.G. Kreis. 
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Both groups commenced drilling in Nov. '74*. Two years later, Hanna-Getty 

(Newmont had dropped out early in the game) announced discovery of the "Casa 

Grande West" ore body contaTning 250 million tons of 1.0% Cu .... situated 

largely in the SE quarter of Section 13 (Fig.~=~-).~ As later evaluated (91J' 

the deposit consisting ofa partTally oxTdized chalcocite blanket underlain by 

cha]copyrite mineralization, contained (.60% Cu cut off) 220 mil]ion tons of 

1.O6% Cu. This reserve bottoms at a depth of 3200' and has horizontal dimension 

of iO00' by 4000 ~. 

Asarco-Freeport drilling in the area adjacent encountered prFncipally oxide 

copper .... 200 million tons of .51% Cu. Two holes cut long columns of +.50% 

Cu primary and ample room existed for sizeable "ore-grade" sulphide deposits 

in "The Lands" area ~91} 

Exploration in the "Peripheral Lands" discovered a chalcocite blanket with 

an indicated reserve of 57 million tons of 1.12% Cu (92) The deposit, rather 

severely disturbed by faulting, ranges from 2200' to 3200' in depth. 

The original concept of the Sacaton upper plate was just one elongate 

fault block, terminating around ½ mile SW of the open pit ore body. However, 

later drTlling_found mineralized upper plate rock extending 2½ miles SW of 

the pit (Fig.-~. Studies based on results of a few wide-spaced holes indi- 

cate a possible potential in the Parks-Salyer area, ranging up to 100 million 

tons of 1.5% Cu, as chalcocite, assuming the most favorable geologic conditions ~93) 

Figure 82 also shows the probable limits of ~'in place" alteration- 

mineralization (the "root zone"), encompassing an area 2 miles wide and 4 miles 

long. As described (91), the predominant host of the Santa Cruz sulphide 

system Ts Precambrian granite, with Laramide biotite-quartz-feldspar porphyry 

* A detailed history of the project is included in a comprehensive report 
on Santa Cruz prepared by H.G. Kreis (91). 
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being the other principal rock unit. As in perhaps most porphyry coppers, 

potassic alteration characterizes zones of relatively high cpy-low py with 

later phyllic alteration predominating in low cpy-hTgh py zones. 

The Santa Cruz Project has been dormant since April 1981, awaiting a 

substantial improvement Tn the copper market. 

29. MICHIQUELLAY 

Around mid 1958, a Northern Peru Mining & Smelting geologist* was sent 

out to examine a Tead-zinc prospect, the trail to which led up Michiqui|lay 

Creek, a headwater of the Amazon, 30 Km NE of Cajamarca Tn Northern Peru. 

Along the creek in an old prospect pit, he found disseminated sulphides with 

chalcocite in a pervasively altered porphyry .... w~thin an extensive area of 

leached capping. Existing denouncements were purchased for the sum of 100,000 

Soles ($5,000). Later, the owner was to fT1e suit for fraud on the part of 

NPMS. 

A geologic map was prepared and in the following year 6 X-ray holes were 

drilled in, and somewhat above, the canyon bottom. This effort was not very 

successful as only 2 holes encountered a few meters of around 1.0% Cu and core 

recovery was under 50%. Subsequently, 9 holes were put down to depths varying 

from 400 to 200 mts with a skid mounted drill. Core recovery continued poor 

(average: 40%), but 7 of these cut chalcocite enrichment ranging in grade from 

50 m of .62% Cu to 30 m of 2.05% Cu; the longest intercept, 91 m at .97% Cu. 

Although essentially no limits to the deposit were defined, it was decided 

that its potential as a porphyry copper was relatively small (30-60 million 

tons of .80% Cu) and drilling was suspended. 

".,~ V.F. I~ollister 
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During a 1961 tour of Peru and Chile, Kenyon Richard and I visited the 

property and concluded that exploration possibilities were sufficiently 

attractive to warrant a major-sized drilling program (94) After much debate* 

roads and a camp were built and drilling with truck-mounted rigs began in May 

1963. By January 1965, 139 holes averaging 279 m depth had been completed. 

Results indicated a chalcocite blanket around 600 by 1200 m in plan (Fig. 83) 

underlain by a zone of fairly strong primary chalcopyrite mineralization 

extending below 600 mts in depth (Figs. 83A, 83B). Preliminary reserve estimates, 

based on several pit designs and grade cutoffs, ranged from 94 mi|iion short 

tons at 1.02% Cu to 464 million at .75% Cu~ .O12% Mo, .004 oz. Au and .O8 oz. 

Ag. 

Subsequently, other ore estimates were made by polygon and computer methods 

and all aspects of the project investigated .... from the mine to port facilities 

for shipping blister. The latest outcome estimate (1969) in Tucson files (95), 

based on a reserve of 592 million short tons at .75% Cu, W/O 2 to I, copper 

price 38.5¢, and a mill rate of 40,000 tpd, shows an initial capital cost of 

$230 million and a 9% ROI (10%, excluding smelter). Negotiations with Peruvian 

officials failed to achieve a reduction in taxes .... they taking the position 

that the economic potential of the deposit was underrated**• Eventually, the 

Peruvian Government took over the property, without compensation. The Japanese 

moved in and, after an exhaustive investigation over 2 or more years, moved out. 

The Michiquillay deposit (96) occurs principally in a quartz monzonite 

porphyry which intruded a Cretaceous series of shale, quartzite and limestone 

(Fig. 84). Primary mineralization, py and cpy~ is present as stockworks of 

* As to whether or not the prospect's potential warranted the cost of a large 
scale, well equipped project. 

** The Toquepa]a "Bilateral Agreement" called for relatively low Peruvian 
taxes, but the operation proved to be far more profitable than S.P.C.C. 
projections (due principally to higher than anticipated copper prices). 
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veinlets and as discrete grains and is closely associated with strong phylIic 

alteration. Relatively minor amounts of ore-grade skarn mineralization occur 

in the sediments near porphyry contacts. According to a Spanish language 

publication (97), the primary ore body probably is in the potassic zone, 

although only minor amounts of hydrotherma] K-spar and biotite were identified*. 

Also, the age of the porphyry intrusive was determined to be 20 m.y. (K-Ar). 

Compared to other porphyry coppers with similar py to cpy ratios, supergene 

enrichment is relatively weak. Positioned at 3500-3800 m elevation just over 

on the wet side of Lhe Andes (60" rainfall), the water table is presently at, 

or near surface. Obviously, at some time in the past, the climate shifted from 

dry to wet, resulting in a premature interruption of the leaching and enrichment 

processes. Except for the upper 2 or 3 m, the chalcocite blanket represents 

less than a two-fold increase in the primary grade. 

Prior to drill road construction, essentially no color anomaly was apparent 

over the mineralized zone. Outcrops had pale gray, lichen-covered rock surfaces 

.... from which practically all of the limonite had been removed, either chem- 

ically or mechanically, by the heavy rainfall. This removal of the limonites 

(and contained copper) is evident in the results of geochem sampling (98) As 

shown in Fig. 85, outcrop samples generally ran lower in copper than drill cores 

or cuttings of capping. However, as is commonly the case, the moly anomaly more 

closely reflected the ore body than the copper anomaly (Fig. 85A). 

Limonites in outcrop (revealed by vigorous use of the rock hammer) were 

mainly goethites. Hematite (after chalcocite) occurred sparsely over an area 

much larger than that of the underlying ore-grade enrichment (99) 

* Perhaps another case of near obliteration of potassic minerals by 
]ater phy]lic alteration. 

i ili~i ~ 
~i ~ • 

f 
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In aerial reconnaissance, essentially the only observable clues to this 

porphyry copper occurrence were craggy, cavernous prominences, formed by the 

erosion-resistant siliceous vein stockworks .... from which most of the c|ay- 

sericite had been removed by weathering. 

B Q I I D I B I B I • ~ P I • l g I Q J B ~ • I B Q B B O ~ g B I t Q I I B 

in the fall of 1966, Asarco's SW Exploration Department undertook a 

search for porphyry copper deposits in Western Mexico, and as Tn previous 

programs, file and ]iterature studies preceded air and ground reconnaissance. 

A large area (150 by 300 Km)of Northern Sonora had been designated as a 

Nationa] Copper Reserve and withdrawn; however, the program (terminated early 

in 1969) turned up a number of prospects elsewhere .... some of which were 

drilled (by ASARCO Mexicana under our supervision). The more significant 

"finds" are described briefly below. 

3O. MALPICA 

My first look at this prospect, located 30 Km east of Mazatlan Tn southern 

Sinaloa~ was in 1954". It was at that time readily recognizable as a porphyry 

type occurrence in granodiorite. The best copper values seemed to be in 

tourmaline breccias, as evidenced by exposures in shallow pits and short adits. 

Dumps contained oxide copper and disseminated sulphides, principally pyrite 

and chalcopyrite. There appeared to have been only minor chalcocite enrichment. 

Outcrops displayed mostly the brown-to-orange colors of goethite-jarosite 

]imonites. Surface chip samples averaged around 1.0% Cu and 1.0 g/t Au. 

Although the areal extent of mineralized outcrops was rather ITmited, jungle- 

lTke vegetation covered a possibly much larger zone. Mapping and drilling 

* Examination requested by T.P. Clendinen, Chief Geol., ASAACO Mexicana. 
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31. 

were recommended (100) but no action was taken by the Mexican Mining Dept. 

Two years later, Hanna Mining Co. put down 11 churn drill holes on the 

prospect. Surprisingly, only 4 of these were collared Tn the mineralized 
(Fig. 86) 

breccias; the best hole (CDH 11) contained 92 mts. of .85% Cu 
(t01) 

Ten years later, interest in the prospect was revived and subsequently 

the drill program recommended (102) was carried out. Results of the 14 

diamond drill holes completed indicated 2 separate, rather small ore zones, 

containing a total of perhaps 15 miIlTon tons of .70% Cu .... approximately 

half of which occurs as oxide copper (Fig. 87) or partially oxidized sulphides 

Although the drill cores were not assayed for gold, the average probably 

runs between .5 and 1.0 grs. per ton, considering the results of previously 

taken outcrop samples. I am not aware of any further development on the 

prospect; however, at the existing gold price its potential should be quite 

attractive. 

MARGARITA 

Mapping of this prospect* outlined a zone of alteration-mineralization 

I x 4 Km in extent, with possible continuations beneath post-mineral cover on 

two sides. Alteration in the intrusives varied from moderate argillic to 

strong phyllic with indigenous limonites after both chalcopyrite and chalcocite. 

Locally, oxide copper minerals were present in outcrop, rt was concluded that 

the prospect offered sufficient potential to warrant drilling (103); however, 

the property owners and ASARCO Mexicana failed to agree on terms and this 

project "died on the vine." 

* First spotted during aerial recon.; later found to be 
privately held. 
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32 • SANTO TOMAS 

Located in the extreme north end of Sinaloa, the largest exposed area here 

of porphyry type alteration-mineralization was around 150 by 300 mrs.* 

Including the possible extent under alluvial cover, the zone was perhaps double 

that size. Silicate copper was fairly abundant in outcrop, but little or no 

limonite-after-chalcocite. Other smaller shows, including mineralizedskarns, 

occurred to the south, along a belt about 3 Km in length. 

The drilling recommended (8 holes) was confined to the northern occurrence; 

results were not spectacular .... .2 to .3% Cu as oxide, underlain by .5% Cu as 

primary cpy. Subsequently, ASARCO Mexicana took over direction of the explor- 

ation and 2 years later reported (104) a reserve of 87 million metric tons of 

.52% Cu, 5.32:1 strip ratio. 

33. EL ARCO 

The earliest information in our file is a 1968 "Porphyry Copper Note" by 

W.E. Saegart (105) accompanied by a sketch map (Fig. 88) showing an area of 

alteration-mineralization about 300 x 400 m in extent as observed on the 

ground**. As seen from the air, the zone covered an area of about 1000 m in 

diameter. Outcrop and prospect pit samples averaged about .50% Cu, principally 

as chrysocolla. Limonites were mostly after cpy and py, suggesting little cc 

enrichment. After mapping and further sampling, it was concluded (106) (107) 

that substantial extensions of the zone could exist under cover and that down- 

the-hole hammer drilling should be undertaken. 

* Property submitted to ASARCO Mexicana by owners. 

** This prospect was first brought to our attention by C. L. Burdick, 
a semi-retired prospector residing in Tucson. 
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The results of the subsequent drilling (15 holes, plus-or-minus 130 m in 

depth) indicated 60 million tons .57% Cu as oxide with an equivalent tonnage 

at .49% Cu in the underlying suiphides. Acquisition of adjacent claims, 

covering prospective ground, and diamond drilling was recommended (108) 

About this time, ASARC0 Mexicana took over the project and subsequently, 

after much urging, purchased the claims and proceeded with drilling. Later, 

as stated in a paper written for publication (109), (received in Tucson, 

8-26-74) "geologic reserves" amount to over 600 mil]ion tons of .60% Cu as 

primary and 70 million tons as oxide and mixed oxide-sulphide grading .65% Cu. 

As outlined on the surface geologic map (Fig. 89), the ore body has a somewhat 

irregular shape, 1300 to 1700 m in diameter. The cross-section (Fig. 90) 

shows 3 flat-lying zones oxide, transition (oxides and sulphides with 

minor cc enrichment) and sulphide (cpy and py). Presumably the dashed, 

undulating line near sea ]eve] represents the lower limit of plus .40% Cu, 

but no explanation is given in the text. 

A major part of the copper mineralization (60%) occurs in a granodiorite 

porphyry (93 my, K-At) with a lesser amount in diorite (40%) closely associated 

with abundant hydrothermal feldspar (109) PropyIitic alteration encompasses 

and in part overlaps the central potassic zone; there is no recognized phyl]ic 

zone (Fig. 91). ObviousTy, the reactive gangue and low pyrite content were 

responsible for the lack of appreciable supergene sulphide enrichment. Lateral 

zoning of sulphides is evident in that the py-cpy ratio increases from less 

than 1:1 within the "ore" body to greater than 1:10 around its periphery 

(Fig. 92). 

in respect to host rock type and alteration, the deposit more c]osely 

resembles those in British Columbia and the Philippines, rather than other 

porphyry coppers of the SW. 
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The El Arco project has been dormant for some time, although the deposit 

was potentially economic under the copper market prices which prevailed in the 

late seventies. 

34. LA CARIDAD 

Stream sediment geochem surveys, on "private" hunting grounds (Mexican 

National Copper Reserve) eventually led Consejo* and United Nations geologists 

to the La Caridad area. The best I.P. response and the highest geochem values 

(Cu-Mo) were found near the base of a prominent mountain of leached capping 

.... where erosion had cut deep enough to expose su]phides in some outcrops. 

The UN drilled II widely scattered holes (starting late in 1966) on the ]P- 

Geochem anomalies. All were in either low-grade or waste except for the 2nd 

hole which cut 55 meters of .70% Cu as chalcocite in a ]ocation that later 

proved to be outside the eastern fringe of the ore zone. And, resampiing and 

assaying of the core by the Consejo, showed 43 meters of .43% Cu as cc (Fig. 93). 

After the UN Contract expired, Consejo geologists proceeded to discover 

the La Caridad ore body by simply climbing the mountain and drilling the 

favorable appearing capping .... an area of relatively low geochem values and 

low IP response. Fig. 93 shows the early concept of ore extent, Consejo dril] 

holes and the nearest UN holes. 

(110) reads as Incidentally, D.F. Coo]baugh's** version published in 1979 

follows: "Although this discovery was the joint effort of various exploration 

disciplines, it can be stated that the reconnaissance geochemical survey was 

the first to pinpoint the favorable area. Both geochemical and induced 

polarization surveys were used to delineate the most favorable zone and were 

* An organization of the Mexican Government. 

** Headed UN exploration in Mexico; subsequently, Director of Exploration, 
ASARCO Mexicana. 
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instrumental in choosing the locatTon of the first drill hole which confirmed 

a discovery. Later development drilling was guided by information obtained 

by geological investigations." Inaccuracies are underlined. 

In May 1968, the SWED investigated the project which at the time had 7 

holes in ore. W.E. Saegart reported (111). "...Based on drill results and our 

interpretation of the exposed leached capping, the inferred ore deposit has a 

potential of ±200 million tons averaging .75% Cu ... ASARCO Mexicana's 

participation, if invited, is strongly recommended. ~' 

It should be noted that Anaconda held a 180 hectare denouncement (Santa 

Rosa) near the center of the La Caridad deposit, which they purchased from 

claim holders in 1967, just after the UN drilling. 

ASARCO Mexicana, given the nod by the Mexican Government, requested SWED's 

aid on the project. Their proposal was, in effect, that we assume responsi- 

bility for the drilling and evaluation of results, but function as advisors only 

.... a role we declined to accept. The ensuing negotiations, which took place 

in the less-than-plush Nacozari Hotel, amounted to a prolonged endurance contest, 

but eventually we were conceded a measure of control over the so-called technical 
(112) 

aspects of the project 

The deposit was drFlled out on a 200 meter triangular grid, with some 

subsequent infilling on I00 meter spacing. A computer calculated reserve, run 

at the Tucson Office in 1974", (including Santa Rosa) produced the following: 

734 million metric tons - .70% Cu - W/O - 1.12:1 

The average grade for the first 5 years of production (96 million tons) was 

estimated at .99% Cu. A later calculation in Tucson (1979) gave 537 million 

* By C.E. Williams 
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tons at .74% Cu. The mfne which commenced production at 18,000 tpd in mid 1979 

(as Mexicana de Cobre, S.A.) reached 65,000 tpd by Nov. 1982. By April T983, 

67 million tons averaging .89% Cu had been milled* .... indicating that the 

grade for the first 5 years was destined to fall somewhat short of the original 

projection. 

As of early this year, reserves amounted to: 

(I) 594 M metric tons at .60% Cu, .012% Mo, W/O .64 to I (.4% Cu cut off) 

(2) at a .3% Cu cut off: 

1,274 Billion tons at .42% Cu, .038% Mo, W/O .42 to 

Asarco dropped out prior to the construction phase having declined to 

finance a smelter and refinery, as well as the mine, but later acquired an 

equity of around 5½% through IMMSA, formerly ASARC0 Mexicana. 

As described in a published paper (113), the deposit is genetically 

associated with a late Laramide quartz monzonTte porphyry stock with intrusive 

breccias (Fig. 94). Phyllic alteration predominates in the central part, 

passing outward into argiilic surrounded by a narrow propyl1[tic zone .... a 

not unusual pattern. Potassic a]teration is essentially absent, but the 

authors predict, logically, that such should occur at depth along with 

possible ore-grade mineralization. 

As seen in section (Fig. 95), the chalcocite blanket conforms roughly to 

the topography. The primary zone below runs .2 - .3% Cu, as cpy. The capping 

thins to near zero on the east, due to erosion as previously noted. The most 

abundant hematite in the leached capping occurs over the south-central part of 

the ore body; elsewhere, goethite-jarosite predominates (Fig. 96). According 

to the authors (113) "one possible explanation (lies in) the py-cc ratio of 
J 

* Personal communication, AIME Geol. Div. meetFng at La Caridad, 4-30-83. 
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the enriched blanket, which increased outward from the center of the deposit 

to its margins." In my opinion, this is the most probable explanation, as no 

evidence was found for other than a single cycle enrichment history. As in 

many other enriched porphyry coppers, moly content of the capping at La Caridad 

more closely reflects the ore below .... than the copper anomalies which are 

highest in the peripheral areas. This is due, first to precipitation of the 

copper in the more reactive, less altered fringes of the deposit and second, 

to the relatively low mobility of molybdenite in acid solutions. 

This is the end of Part III and the end of the series covering projects 

initiated prior to 1970 .... during the first 3 of 4 decades of uneven, but 

strong net growth in copper demand, a trend which peaked out (temporariiy, 

we trust) in 1980. 

JHC:mek J. H. Courtright 

CC : R. L. Brown (2 extra) 
J. C. Balla 
R. E. Gale 
R. S. Gray 
D. D. Harper 
W. L. Kurtz 
J. D. Sell 
O. M. Smith 

P. G. Vikre 
H. C. Williamson 
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