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~VER BELL~JNZT 

PXT- b_! J. A. Brlscoe 
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~t~aehed for your files is ~ =es~orand~u, by Ja~-es A® 
~rlscoe, GeologlS£~ on a s~udy of the area west of Oxide pit. 

The purpose of the study was so corrmlate ~i~ geologic 
informa£ion found i,~a the Wild,~og~Copper Butte area with the 
~orth Bu£~e area for ~'ne proposed" diamond drilllng in North Bu£te. 
$~e diamond drilling Is now ~n p~o~ress, 

DRJ ~ jCa 

co: TASnedden 
~Kichards~ :~ 
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OrJginsl Signed By 
D, R. JAME,SOM 
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AMERICAN SMELTING AND REFINING COMPANY 
81LVER BELL UNIT 

Silver Boll, Arizona 

August 25, 1.966 

S=i.l 

MEMORANDUM TO: Mr. D. R° Jameson~ Superintendent 

Subject: THE RELATION OF PRIORY PYRIT~ AND CHALCOPYRITE CONCENTRATION 
TO THE DEPOSITION OF ORE GRADE CI~LCOCITE, AND THE DEVELOPMENT 
OF ATYPICAL I~ACHED CAPPING IN THE WILD HOG-COPPER BUTTE AREA 
WESI OF OXIDE PIT. 

Drilling in the Wild Hog-Copper Butte area, which has outlined a possihle 
orebody of some !I~500,000 tons, has also revealed some interesting and possibly .... 
important relationships between rock type~ grade of primary chalcopyrite, pe~ = .... 
cent of pyrite~ and the locus of ore grade chalcocite enrichment° The pyrite = 
chalcopyrite ratio in this area also has marked effects on the appearance of 
leached capping overlying ore. 

The first thing noted during the drilling was that rock type appears to ~ 
have considerable effect on ore grade, although in the Oxide Pit area ere grade 
has always been considered to be independent of rock type° 

The following is an average of the primary chalcopyrite grade encountered 
in the various rock types during the drilling° 

No. of Roles in 
which Primary Average 
Mineral was en = Grade ~f 
countered Protore 

Syenoediorite Porphyry 8 
Alasklte 29 
Monzonite Porphyry 25 
Dacite Porphyry 3 

0 .23  
. I6 
° t l  
.04  

It should be noted that the above orde~ of ~avorabili~y will not in= 
variably hold for eveey assay intercep~ ie~ In places (partieul~rl~ ~ c~ t~a ridge 
to the south of Wild Hog-Copper Butte) monzonite porphyry appeared more favorable 
than alaskite. Generally however these relations appea~ valid° 

Wild Hog-Copper Buttes area has been considered a poor drilling risk in 
the past because of the strong copper oxide staining in the alaskite, and lack 
of live limoniteo It was assumed ~hat all the copper~ because of insufficient 
strength of the leaching sol~tions~ had remained in the capping, and ~o chaico- 
cite blanket could be e~peeted~ In addition weak bro~ limonite ~tain indicated 
that the rock had been poorly mineralized to start wi~ho 

Drilling in the alaskite revealed ore grade chalcocite on chalcopyrite 
finely disseminated along crystal boundary and quartz veinletso The unusual 
aspect of the rock was its extremely low pyrite content ranging fro m barely a 



~ace to sparse 8mo~s. The to~a! sulfide content in this area a,~:~o~nt~ to !,e~,~ 
than 2~ (possibly less than 1% in places)~ accounting ~er the we:ai li~aonlt~e 
staining of the alaskite~ and prominent green copper oxide in 'the eappingo 

On the ridge southeast of the Buttes (~ee Plate 4) gr~,en copper oxid~ 
stain diminishes ~nd disappears and red he~atite ~tain, ]i~:r~o~ite and live l~!.o~.ite 
increase° Drilling i.n this area shc~ that pror~,~:~"e grade is som~:~hat io~,e~ b,at 
pyrite content is substantially higher (Plates 2 & 3)~ ~ith ~:etal sulfide ~ontent 
being about 3=5% or about eq~al to that in Oxide Pit° 

C O N C L U S I O N :  

The apparent reason for the presence of ore under the Wi~d l~gooCoppe~ 
Butte area is the higher grade of the chalcopyrlte protore~ being in places 
little more than a tenth of a percent belo~ cut=off grade of 0.40% copper° 
There is-also a possibility that enric~nent didn't come from above the Wild Hog= 
Copper Butte area, but was from lateral ~igration of copper solutions from the 
Oxide Pit or other areas° ~%is is i~portant because of the presence of si~nilar 
,capping over ~he North Butte area. If the ore in the Wi~d Hog=Copper Butte area 
was dervied from down~ard moving solutions then ore can be expected under similar 
capping in the North Butte area. If~ h~r~ever~ the ore was derived from laterally 
moving solutions then ore may or may not be found under similar capping in the 
North Butte area depending on whether or not similar conditions prevailed. The 
drilling program planned for the near future in the North Butte area should show 
which of the hypotheses is correct° If the down~ardmove~ent idea is indicated 
then there is a chance of a possible commercial connection of the two areas~ 

The initial drilling p~og~am proposed fc~£ ~ the Nor~h B~tte area centrists 
of holes P=l through Y=5, Hole P=I is located ove~ good typical live-li~onite 
capping in alaskite. Holes P=2 and P=3 are located on molybdenur_n geochemical 
anomolies. Hole P=4 is located on a]askite with oxide ~applng si~ilar to that 
of the Wild flog=Copper B~ttes area° If P=4 hits ore then the Wild Nog~Oopper 
Butte Capping can be considered a valid indlhatc~; of l<~w grade copper ~b~gJ:rali = 
zation and more holes can be drilled in similar ro¢;~k ~oend P=4o 

JAB:Joe 

, 4, ~. ~ ., 

Ja~,s Ao Briscoe 
Geologi~ 
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S T R U C T U R E  A N D  M I N E R A L I Z A T I O N  

AT S I L V E R  B E L L ,  A R I Z O N A  

BY K E N Y O N  R I C H A R D  AND J A M E S  H .  C O U R T R I G H T  

INTRODUCTION 
This material was originally published (12) in 

November 1954. Exploration and mining during subse- 
quent years have provided additional information; 
accordingly, a number of revisions of text and figures 
are included herein. Basic concepts, however, remain 
essentially the same as originally presented. 

Watson (oral communication, 1962) has prepared a 
doctoral dissertation based on detailed mapping in the 
Silver Bell Mountains. Mauger et al. (9) are making 
potassium-argon age determinations of most of the 
igneous rocks in the district. These two lines of re- 
search should, among other things, materially improve 
upon the knowledge of certain age relations that are 
noted only briefly herein. 

Silver Bell is 85 airline miles northwest of Tucson, 
Arizona, in a small rugged range rising above the 
extensive alluvial plains of this desert region. Its geo- 
graphical relation to other porphyry copper deposits of 
the Southwest is shown on the inset map in the lower 
left corner of figure 1. The climate is semiarid. Alti- 
tudes range from 2,000 to 4,000 feet. 

Opening of the Boot mine, later known as the 
~ammoth, in 1865, was the first event of note in the 
~istriet's history. Oxidized copper ores containing mi- 
aor silver-lead values were mined from replacement 
deposits in garnetized limestone and treated in local 
smelters. Copper production had approached 45 mil- 
lion pounds by 1909 when the disseminated copper 
possibilities in igneous rocks were recognized. Exten- 
sive churn-drill exploration was carried out during the 
next 3 years and resulted in the partial delineation of 
two copper sulfide deposits--the Oxide and E1 Tiro. 
Although the then submarginal tenor discouraged ex- 
ploitation of these disseminated deposits, selective 
mining of ore bodies in the sedimentary rocks contin- 
ued intermittently until 1980, providing a production 
total of about 100 million pounds of copper. 

The American Smelting and Refining Co. began 
exploratory and check drilling in 1948 and subse- 
quently made plans for mining and milling the Oxide 
and E1 Tiro ore bodies at the rate of 7,500 tons per day. 

Production began in 1954 and has been maintained at 
a rate of about 18,000 tons of copper annually. 

GENERAL GEOLOGY 

Formations ranging in age from Precambrian to 
Recent are exposed near Silver Bell. The more erosion- 
resistant of these--Paleozoic limestone and Ter- 
tiary(?) volcanics--predominate in the scattered 
peaks and ridges comprising the Silver Bell Moun- 
tains. Porphyry copper mineralization occurs along the 
southwest flank of these mountains in hydrothermally 
altered igneous rocks. These are principally intrusives 
which cut Tertiary(?), Cretaceous, and older sedi- 
ments and are considered to be components of the 
Laramide Revolution. 

For three-fourths of its length, the zone of alteration 
strikes west-northwest (fig. 1). There now is no single 
structure that accounts for this alignment. However, 
indirect evidence suggests that a fault representing a 
line of profound structural weakness existed in this 
position prior to the advent of Laramide intrusive 
activity. This line will hereafter be referred to as the 
"major structure." It was largely obliterated by the 
Laramide intrusive bodies, but it effected a degree of 
control on their emplacement, as evidenced by their 
shapes and positions. The influence of fault structures 
on the shapes of intrusives in other porphyry copper 
districts has been noted by Butler and Wilson (2). 

As shown on the inset map on figure 2, a fault of 
parallel trend and considerable displacement lies to 
the north. This fault is now marked by a line of small 
intrusive bodies. To the south is a third fault of large 
displacement. Evidence of its age in relation to the 
Laramide intrusions and mineralization is not recog- 
nized, but its conformance in strike with the other two 
major faults is significant. These three breaks establish 
a pronounced trend of regional faulting, and it has 
been suggested (11) that they be named, from south 
to north, the Waterman thrust, the Silver Bell fault 
zone, and the Ragged Mountains fault. The two north- 
erly ones are high angle, and the southerly one may be 
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bench faces as a sharply defined highly irregular 
interface. Only rarely is there a transition zone of 
mixed sulfide and oxide copper minerals. Some of the 
irregularities of the base of oxidation are caused by 
displacement on post-chalcocite faults, but most seem 
to be due to variations in rock permeability. This is 
evidenced by the dense siliceous character of a few 
sulfide remnants occurring well up in the leached zone 
and by leached indentations of the sulfide zone along 
many of the fissures. 

The present water table at Silver Bell is well below 
the ehalcoeite zone, a condition that exists in many of 
the porphyry copper districts (4). This indicates that 
the Silver Bell ehaleocite zone now is in an environ- 
ment of oxidation, and it should be undergoing leach- 
ing rather than enrichment. This current climatic cycle 
may have been relatively short and dry and may have 
caused only minor modifications of the ehaleocite 
blanket. 

The base of oxidation conforms in general shape to 
modern topography, although local relief is more than 
200 feet. This rude conformance would seem to re- 
quire a relatively wet climate with the water table 
being no more than a few tens of feet below the 
ground surface as the modern physiography devel- 
oped. 

In the early days at Morenci, Lindgren (7) observed 
that oxidation and leaching had, in some instances, 
penetrated along fissures down through the chalcocite 
into underlying primary sulfides; he also observed that 
erosion of Chase Creek Canyon had left the principal 
chalcocite zones stranded high above the canyon bot- 
tom, indicating that the chalcocite formed originally 
about an ancient water table several hundred feet 
above the present water table. Although erosion at 
Silver Bell has not penetrated as deeply as at Morenci, 
its chalcocite zone currently is in a similar unbalanced 
environment of oxidation with no appreciable enrich- 
ment now taking place. Reshaping of the upper sur- 
face of chalcocite zones in both districts to conform to 
the existing ground surface appears, then, to have 
occurred during formation of the modern topogral~hy 
but at some time prior to the current dry climatic 
cycle. 

LEACHED OUTCROPS 

In the formation of many disseminated chalcocite 
deposits the enrichment process is presumed to have 
taken place progressively--copper having been re- 
peatedly dissolved, carried downward, and precipi- 

L I T E R A T  

O N  R I C H A R D  A N D  J A M E S  H .  C O U R T R I G H T  

tated. It has been well established by Blanchard (1), 
Locke (8), and others that under these conditions 
"limonites" of certain colors and textures are left be- 
hind in the leached capping as evidence of the pre- 
existing ehalcocite. The Silver Bell district provides 
exceptionally good examples of this phenomenon, but 
limonites of chalcocite derivation are not confined to 
the outcrops over the ore bodies. They are widely 
dispersed through the zone of alteration. Proper in- 
terpretation of their significance in respect to orc 
possibilities has rested mainly on quantitative rathe1 
than qualitative appraisal. Mapping of the Silver Bell 
outcrops on this basis has provided a valuable guide in 
exploration drilling for the last 15 years. Results have 
demonstrated that the pattern of relatively strong 
chalcoeite at depth is reflected in the outcrops by the 
distribution and abundance of diagnostic limonites. 

It may be of interest at this point to mention the 
ancient excavations that are numerous in the outcrops 
of the mineralized zone at Silver Bell. There is evi- 
dence indicating that they are several centuries old. 
Since there are no precious metals or visible copper in 
these cuts, it is plausible to assume that the limonite 
and clay minerals were considered valuable, perhaps 
for pottery or warpaint. Thus, in the history of 
leached-outcrop investigations, it seems that some 
early Arizona Indian tribe deserves at least honorable 
mention. 

Previous work and acknowledgments.--The first 
scientific study of the district was published in 1912 by 
Stewart (15). Considerable field and laboratory work 
has been done in more recent years by several groups 
and individuals, including the writers, all reporting 
privately to the American Smelting and Refining Co. 
Roland Blanchard conducted leached-outcrop studies 
in part of the area. Harrison Schmitt, H. M. Kingsbury, 
and L. P. Entwistle mapped structure and mineraliza- 
tion in the central part of the district. P. F. Kerr 
studied the alteration features and later published a 
comprehensive paper (6) on the district. Thomas 
Mitcham mapped structural features in the surround- 
ing area. The writers have drawn considerably on 
these and other unpublished data, particularly in com- 
pilation of the geologic map. The high quality and 
usefulness of this material is gratefuUy acknowledged, 
but unfortunately it is not feasible to give special 
individual credits. Thanks are due the American 
Smelting and Refining Co. for permission to publish 
this paper. 
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pyrite and ehalcopyrite. Although occurring as 
discrete grains, the}, are more abundant--accompan- 
ied by quartz--in systems of veinlets or seams that are 
usually near vertical in attitude and persistentIy paral- 
lel. Vawing in thickness from paper thin to several 
inches and in spacing from inches to several feet, these 
thin sulfide sheets occur as groups of various sizes in 
the narrow northwest-trending zone of hydrothermal 
alteration. (Due to the small seal,e, any single Iine in 
the pattern of "Mineralized Fissures" on figure 1 dia- 
grammatically represents a large number of parallel 
verniers, rather than an indMdual.) In detail the 
average individual fissure appears as a thin quartz- 
sulfide seam encased by a rather uniform band of 
sericite. The fissures are predominantly oriented in the 
northeast quadrant; a small proportioaa strike north- 
west and a few are random. From a broad viewpoint 
there are, among these systems or groups, no intersec- 
t/arts of consequence. Within a group, changes in strike 
occur gradually and result in curving trends. As noted 
earlier, these groups of mineraIized tlssures are distrib- 
uted along the major structural line, and it is assumed 
that they were formed in response to deep-seated 
uniform stress related to that line. 

At least a few hundredths of 1 percent copper is 
present nearIy everywhere in the zone of disseminated 
suI~des; better values occur where there are veinlets; 
and the best values occur where the veinlets are close 
spaced. The two comparatively large groups of these 
close-spaced structures coincide x~dth the positions of 
the two ore bodies (Rg. 1). However, the actual 
structural, mineraIogical, and Iithological distinctions 
among these and other smaller groups are minor, and 

the factors that controlled the position and size of 
these two groups are not deafly evident. A strong east- 

west fault that terminates iri the Oxide area may have 
int~uenced the concentration of fracturing there, and at 
E1 Tiro the sharp bend in the alteration zone and the 
group of northeast-striking dikes Iike~bse may indicate 
a eross-trending line of weakness that Ioealized 
stresses. Nonetheless, the importance of tB, ese strue- 
turaI conditions is not c?.early demonstrated, and no 
good evidence is found to explain the structural cause 
of the more intense fraeturing which localized the two 
ore bodies in their present positions in preference to 
other locations along the major structural line. 

Outside the zone of alteri~tion the daeite porph)q'y is 
finely fractured and jointed in most of its large exposed 
area. In sharp contrast to the systems of parallel 
fissures in the alteration zone, these fractures in the 
dacite porphyry are aImost completely of random 
orientation; paraIIetisms are rare and traeeable for 
onIy a few inches or feet. Tlaey are pre-mineral in age 
where the}`" are found in the alteration zone in the 
westerly and southwesterly parts of the daeite por- 
phyry. It wouId seem that in physieal aspect this 
formation was exceptionally well prepared to be min- 
eralized--perhaps better than the rocks of the ore- 

zone proper. The fact that it was mineralized only 
]oeally may be accounted for, in part, by the absence 
of systematic fractures. That is, only the systems of 
parallel fraetures were connected with the deep-seated 
source of mineralization, and the pervasive breaking of 
the daeite porph).Ty did not alone qualify it for miner- 
alization. 

Excepting the post-mineral andesite dikes, atl ig- 

neous rocks in the narrow northwest-trending zone 
shown on figure 1 are hydrothermally altered. Varia- 
tions in the intensib., or in the completeness of the 
process have been subdivided by Kerr (6) into five 
stages. His analysis demonstrated, among other things, 
that the knm~m ore bodies are in the more strongly 
altered areas. The area outlined bv the w-riters on 
fi~me 1 includes aII degrees of aiteration, but no 
differentiation is made. It merely represents the areaI 
extent of bfeached-appearing igneous rocks showing 
evidence in the leached outcrops of pre-existing dis- 
seminated suIfides--principalIy pyrite. The transition 
to relatively fresh rock is quite sharp in many places, 
particularly along the contact with sedimentary rocks 
and on the fauIts in the southeast part. However, along 
most of the southwest margin the transition is grada- 
tional, and the Iimit is an arbitrary line. 

Taetite--compased essentially of garnet, diopside, 
other Iime-silieate minerals, and quartz--is confined to 
a narrow belt along the southwest margin of the 
limestone pendants, except near the Mammoth and 
Union mines where it has replaced the full width of 
the sedimentary block. There, parts of the tactite 
contain sufficient disseminated chaleopyrite "to be 
classed as low-grade ore. As in the Mission deposit 

(1:3), this mineralized taetite is regarded by the writ- 
ors as having been formed by the same processes that 

altered and mineralized the intrusive rocks, Thus, it is 
a product of hydrothermaI metasomatism rather than 
contact metamorphism caused bv the dacite porph?.~ 
and the monzonite as proposed by Stewart (15). 

S U P E R G E N E  E N R I C H M E N T  

The two ore deposits consist of rudely tabular accu- 
mulations of chaleoeite from 10'0 to 20'0 feet thick. 
Lying beneath about 100 feet of leached capping, the)," 
were formed by twofold to threefold enrichment of the 
copper contained in the primary mineralization. T)loi- 
eal ore is composed of altered rock and sulfides in a 
ratio of about 1%I by weight. 

Most of the capping m`"er tile ore bodies contains less 
than one-tenth of 1 percent copper as cuprite or other 
oxidation products mingled x~5th the limonite. Oeca- 
sionalIy, somewhat higher values occur where copper 
has been precipitated as silicates and carbonates by 
reactive gangue material present in Iess altered roek. 
In the ore bodies where aIteration is strong and the 
gangue is nonreactive, the upper |fruit of the sulfide 
zone (or the base of oxidation) appears on open-pit 
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T H E  M I S S I O N  C O P P E R  

D E P O S I T ,  A R I Z O N A  

BY J O H N  E.  K I N N I S O N  

INTRODUCTION 
The Mission mine, in southern Arizona near Tucson 

(fig. 1), is a recently developed open pit, which 
produces 15,000 tons per day of copper ore. The mine 
is on a wide and gently sloping baiada sweeping 
northeasterly from the Sierrita Mountains. It derives 
its name from the nearby Mission San Xavier del Bac, 
built circa 1700. 

Before development the ore body was covered ev- 
erywhere by about 200 feet of alluvium, as were the 
adjacent Pima and Palo Verde mines. The geology o£ 
the Mission deposit is known principally through the 
study o£ diamond-drill holes spaced 150 to 800 feet 
apart. The open pit is in an infant stage and has not yet 
revealed much of the deposit, although information 
obtained there by the operating staff and from a few 
thousand feet of exploratory underground workings 
has added significantly to the general fund of knowl- 
edge. 

Previous publications directly pertaining to the geol- 
ogy of the Mission deposit appeared in 1959 (8) and 
1968 (2). Cooper (1) has published a short paper on 
the district in which he brought forth several 
significant and previously unpublished stratigraphic 
and structural hypotheses. The mining history of the 
district, which is an old one with many small under- 
ground mines that are now largely inactive, was sum- 
marized by Thurmond and others in 1954 (7). Current 
activity was initiated with the geophysical discovery of 
the Pima mine by the United Geophysical Co. about 
1951. The presence of a large zone of porphyry copper- 
type alteration and mineralization was indicated by 
pervasive alteration and sulfide dissemination, ex- 
posed in the hanging wall in the Pima mine explora- 
tion workings and by strong sericitic alteration and 
limonite-filled cavities derived from sulfides in a small 
outcrop southeast of the Pima shaft. Exploration by 
the American Smelting and Refining Co. in search of a 
covered disseminated copper deposit was begun in 
1954. 

GENERAL GEOLOGY 

In brief summary, the geology of this region is 
diagrammed by the columnar-structure section (fig. 

2). Paleozoie sediments totaling an estimated 5,000 
feet were deposited on Precambrian granite. The for- 
mations are dominantly limestones or marls, with the 
exception of Cambrian and Permian quartzit, e layers. 
A thick sequence of clastic sediments--arkose and 
siltstones--of Cretaceous age disconformably overlies 
the Paleozoic rocks. Following or during the earliest 
part o£ the Laramide Revolution, thick sequences o£ 
unsorted and very poorly bedded silts and volcanic 
pebble conglomerates were deposited on an eroded 
surface o£ Paleozoic and Cretaceous strata. A period of 
maior deformation and erosion separates these rocks 
from an overlying formation composed o£ andesitic 
breccia and welded rhyolites. Volcanism was followed 
by the intrusion of a large plug of biotite-bearing 
rhyolite packed with foreign inclusions. Large grani- 
told plutons of "Laramide" age form the core o£ the 
nearby Sierrita Mountains and are separable into pre- 
and post-volcanic units. The youngest pre-ore intru- 
sive is a quartz monzonite porphyry. Mineralization is 
believed to represent a single epoch following the 
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porphyry intrusion. A thick sequence of middle to 
upper Tertiary sediments and volcanics was later de- 
posited above a post-ore erosion surface. 

Folding and thrust faulting are the do.mtnant pre- 
o r e  structures. Major post-ore structural dislocations 
have produced the final chapter ha an already compIi- 
cared geologic history. 

SUMMARY OF THE DEPOSIT 

In the close vicbit 7 of the Mission ore deposit, the 
principal rocks are sediments and small bodies of 

intrusive igneous porphyries, all of which are pre-ore 
in age. TDe bedrock surface is a buried pediment, and 
only a few small outcrops protrude from the a~u~6aI 
plain. These small and isolated knobs, which are the 
tops of bedrock hills, are ~6t .bin a large area of perva-" 
sive a~terafion and pro~6ded one of the principal expIo- 
ration leads. The very simplified geologic sketch /n 
~g~re 8 shows these features. 

Hypogene sulfides are generaIIy ~dthin 50 feet be- 
tow the bedrock surface, and secondary enrichment by 
chaIcoeite is limited to a very thin veneer. The reasons 
for this lack of .oxidation and enrichment may be 
manifold, but in pa~t at least the process of pedimenta- 
tion probably removed any original enriched blanket 
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that might have existed below the older middle Ter- 
tiary erosion surface; in ,the final stage of pedimenta- 
tion a comb/nation of a high water level and a geologi- 
cally" short time duration has Inh~bited deep oxidation 
and consequent .enrichment. 

AJterafion the formation of new minerals or tex- 
tures and t_he destruction of the original rock character 

pervasive in the Mission ore deposit and extends a 
considerable distance beyond the principal area of 
copper concentration. The limits of the Mission altered 
zone, although gradational and by no means sharply 
defined, are shown approximately in figure 8. The 
altered zone is roughly" 8 by 2 miles in areal dimension, 
whereas ore or possible ore appears to be lirmted to an 
area not much larger than lg by i miles. 

'Copper and iron sulfides are disseminated in all 
rocks ~dthin the altered zone, and, conversely, there 

are no epigenet/c sulfides disseminated outside of the 
a~tered zone. This relation is so singularly conspicuous 
and ~ t h o u t  exception that one is of necessity obliged 
to regard rock alteration and sulfide impregnation as a 
process that was integrated in time as well as spaee. 
The Mission ore body represents only that part ha 
which the copper concentration is suf~eiently great 
and which occurs in such position that it may" be mined 
by an open-pit operation. The average ore grade is 
,typieal of disseminated copper ore deposits in the 
Southwest. 

Alteration of the feldspathic sediments and igneous 
rocks produced serieite, clay, and metasomatic quartz 
and ort~odase, whereas the alteration of limestone has 
formed an assemblage of lime-silicates, such as garnet 
and ~opside. Both types of alteration occur in a mutual 
environment, and all are veined and impregnated with 
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sulfide minerals. The environment as a whole is so 
typical of porphyry copper deposits in the Cordilleran 
region that the occurrence of the commercial ore 
bodies within silicated sediments instead of within the 
porphyry itself should offer no detraction from the 
classification of the Mission ore deposit as a "porphyry 
copper." 

ROCKS OF THE A L T E R E D  ZONE 

Not all the sedimentary formations known to occur 
in or near the Mission are found in the altered zone. 
Those that are recognized--and this is with some 
uncertainty due to alteration effects---are as follows: 

Paleozoic: Silicated limestone, marble, and altered 
marl, siltstone, and quartzite are the dominant host 
rocks for copper sulfide ore. These rocks most proba- 
bly represent the Pennsylvanian and Permian section. 

Cretaceous(?): Interbedded arkose and siltstone 
crop out in two isolated hills south of the Mission pit 
and most likely are of Cretaceous age. 

Tertiary: Two units that consist of unsorted siltstone 
and volcanic pebble conglomerate are present in the 
Mission ore body. These rocks are hard and uniformly 
textured and are referred to as argillite or conglomer- 
ate for purposes of mine mapping. The oldest, the 
Papago Formation, consists dominantly of argfllite, 
and the younger Kino Formation, which consists dora- 

inantly of conglomerate, lies beneath a pre-ore thrust 
fault. Both are assigned tentatively to the early Ter- 
tiary on the basis of district and regional geologic 
mapping. 

The youngest pre-ore igneous rock in the altered 
zone is a quartz monzonite porphyry of Stringham's 
(6) "aphanitic porphyry" class--a type almost univer- 
sally present in porphyry copper districts. The por- 
phyry is seen to form sill-like bodies that have in- 
truded an apparently unconformable contact between 
the Paleozoic rocks and the overlying Papago Forma- 
tion and also have intruded in a horizontal fashion 
above and below this contact. The sills are thickest 
near the west margin of the porphyry mass, and widely 
spaced drill-hole information suggests that they may 
merge into a thick dike or plug, which may be inferred 
to be the principal source or magma channel. A large 
mass of intrusive biotite rhyolite occupies the southern 
part of the altered zone. Regional mapping suggests 
this rock to be most closely allied to early Tertiary 
volcanism. Narrow dikes of post-ore andesite are pres- 
ent, A breccia dike crosses the pit in a northerly 
direction. The dike consists of various rock fragments 
set in a matrix of finely ground rock particles, the 
whole of which has been altered. It differs from the 
surrounding rock in that it contains less chalcopyrite 
and locally contains much galena, sphalerite, and ar- 
gentiferous tetrahedrite. 
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ALTERATI,O N 

Per~.,asive alteration here is grouped bro.adly in two 
eategeries. The first, which causes the most obvious 
changes in the reeks, involves the formation of new 
silicate minerals--either lime or potassium types 
depending on the host. The second is the formation of 
copper and iron suIfides. A Iarge area of marble in the 
central part of the ore zone dispIays only slight evi- 
dence of alteration, such as the coarse grain size of the 
calcite eustaIs, representing reerystaliizat6on, and 
traces of sulRde impregnation. The general distribu- 
tion of alteration near the pit is diagrammatically 
shown in figure 4, which also shmvs the prineipd 
structural features. 

Feldspathic Roclcs 

Alteration products in the feldspathie rocks are 

sericite, orthoelase, quartz, hie.tire, and clay. The rocks 
so altered are quartz monzonite porph}~'y, argilIite, 
and quartzite. 

The quartz monzonite porphyry contains euhedral 
to subhedraI phenocD,sts .of pIagioelase and reso.rbed 
quartz phenoewsts set in a recrystallized matrix of 
fine-grained quartz and feldspar. Bagged x~6sps of 
biotite usually are present. The rock is flooded by 
irregular blebs and replacement veinlets of pink ortho- 
e|ase and quartz. The p.lagioclase phenocwsts are re- 
plaeed by serieite in varying d%mrees and to a lesser 
extent by clay mineraIs. The metasomatieally intro- 
duced quartz and orthoelase r.eplaees both the matrix 
and pIagioc]ase phenoerysts. For comparative pur- 
poses, aIteration of the porphyry may be said to 
resemble more eIosely the alteration at Aio or Bagdad 
than that at Morenci or fRay--to name a few typical 
and well-known districts. Pyrite, ehaleopyrite, and, 
rareIy, moIybdenite occur as discrete grains scattered 
through the rock and also in veinlets associated with 
Borders .of quartz and (or) orthocIase. The tenor of 
copper is typical of .ehal.eopyrite protore in many 

porphyry copper mines. 
ArgiIlite, both that of the Papago Formation and the 

thin beds il~ the Pa]eozoic rocks, is almost totally 
altered to a very fine grained aggregate of sericite and 
(or) a recrystaIIized mosaie of quartz and feldspar. 
Sulfide veinlets bordered by a narrow zone of quartz 
and £eIdspar ~ve way at the outer edges, first to 
serieite and then to fine-grained biotite. Pyrite and 
cha]eopyrite occur as disseminated grains and in vein- 
lets. The eonglomerate of the Kino Formate.n, which 
eo.nsists of pebbles in a matrix of argiUite, has been 
similarly altered, atthough chaIeop}~ite virtually is 
absent, and pyrite is the principal sulfide. 

Quartzite in th, e Paleozoic section generally was 
derived from quite pure quartz sand. Its aJteration is 
evidenced B.y nearly eompIete reeD, staIlization of the 
quartz grains and the formation of serieite from a 
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minor silt fraction. Sulfides are sparsely disseminated 
and also occur as widely spaced veinIets. In certain 
areas, however, ehaleop)~te in disseminated form 
grades as much as 0.8 percent Cu. 

The arkose of Cretaceous(?) age has been altered 
so that the elastic quartz grains are set in a soft w,hite 
matrix of serieite and day, and the fabric is transeeted 
by sulfide veinlets bordered by white halos composed 
of quartz and seridte. Pyrite and ehaleopyrite are 
disseminated, partly as discrete grains and partly in 
the little veins. 

Tile biotite rhyolite in the southern part of the al- 
tered zone is altered to clay, serieite, and minor carbon- 
ate. The originaI biotite is altered to sericite. Feldspar 
phenoerysts are less altered than the matrix, which was 
originaEy glassy, and also are less altered than most of 

the foreign inclusions. P~Tite is disseminated through- 
out, principally as discrete grains, and ehalcop)~te 
occurs in minor amounts. Assays show that small 

amounts of lead, zinc, and silver are widespread. 

L,~my Rocks 

The Paleozoie sedimenLs, which are principally 
cherty Rrnestone, pure limestone, and marl, have been 
converted in the Mission altered zone to various lime- 
silicate minerals. Two general groups are dominant: 1. 
tactite, which consists chiefly of garnet; and 2. horn- 
fels, which consists of diopside and calcite. In the 
western part of the ore body a silicate zone separating 
two quartzite zones is composed almost entirely of the 
d~opside hornfels ~Te, suggesting that the reek was 
originally a dolomite. Elsewhere, both sharp contacts 
and broad gradational zones between the two types 
suggest a more eompIex his~oD~, possibly involving 
migration of Mg. A third variety, which I consider to 
represent weak aIteration, is represented by white 
coarse-grained marble with merely traces .of dissemi- 
nated sul~de grains. This type possibly has formed 
from black thick-bedded Permian limestone, as sug- 
gested by residuals of blaek Iimestone of that type. The 
contact between marble and taetite/horrdels is eom- 

m0nly sharp, but in phces it is marked by the presence 
of wollas~onite. 

The taetite type consists megase0pieally of massive 
structureless yell0w-brm~m garnet, yellow or brm~m 
euhedral friable masses, or red-brown garnet. Primary 
hematite is present in some areas. Spectrographic 
analysis and refractive index place all the types of 
garnet tested so far in the andradite group. A few 
garnets shmv small amounts of alumina in the spectro- 
graph. Soft white material commonly admixed x~dth 
the garnet was in the early stages of exploration 
mistaken for a clay alteration of what was, at that time, 
thought to be grossularite. The alumina content of the 
tactite appears too low to allow the presence of much 
clay as an alteration product, and the soft white 
mineraI has been identified in numerous samples in 
thin seetion as fine-grained diopside. Sul~des occur as 
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Sand and Gravel B E D R O C K  200'+_ th ick 

Lime Silicates Quartzite Marble Papago fm Kino fm Quartz monzonite 
(originally limestone) and orgillite porphyry 
' ' Early Ter t iary  ' 

Pa[eozoic Rocks Argi l l i te and conglomerate Ter t ia ry  

NOTE: Oxidation and enrichment 
confined to thin layer beneath 

Plus 0 . 4 %  Cu bedrock, 0 - 5 0 '  thick. 

FIcu~E 5.--Diagrammatic cross section through the Mission ore body (looking north). 

small discrete grains, in thin irregular veinlets, in 
narrow replacement fissures, and as large pods of 
massive sulfides that locally assay 5. to 15 percent Cu. 

The hornfels type commonly is composed of a var- 
iable hard-to-soft, white fine-grained aggregate, which 
in thin section proves to be equigranular diopside 
with variable amounts of calcite (as much as 20 per- 
cent). A variation is a hard greenish variety, which 
in thin section is seen to be composed of stubby 
prismatic crystals of diopside. The refractive indices of 
the white granular variety are slightly higher than 
those of pure diopside, and the prismatic crystals 
range about midway between the indices of hedenber- 
gite and those of diopside. Thus, iron metasomatism is 
obviously a major factor in the formation of both the 
hornfels and the andradite-tactite previously de- 
scribed. 

In the western part of the ore body a characteristic 
feature of the hornfels is the presence of small veinlets 
of blue-green actinolite, commonly 1,/16 to 1 inch wide, 
but not everywhere, having a medially disposed 
stringer of pyrite and chalcopyrite. The actinolite 
commonly is altered slightly to chlorite. Sulfides are 
distributed in the hornfels in the same manner as in 
tactite. 

As a group, the limy rocks--tactite and hornfels-- 
constitute the main source of copper and have a higher 
average grade than ore in argillite, which is the second 
principal copper host rock. 

Sulfide Impregnation 
Hypogene sulfide mineralization is, from an eco- 

nomic viewpoint, the most important change or altera- 
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No. 

I 
2 

one mile 4 
,5 
6 

Locat ion of 
Composite Sample 

Rock % CU i o/0 Total Sulphide 
! Weight Volume 

Tactite 1.55 7 . 2  4,9 
Papago frn .82 6.5 3,8 
Tacti le 1.00 6.2 4 .3  
Papago frn .65 4 . 7  2.8 
Papago frn .94 4 .5  2.7 
Taetite .87 4 . 5  3.0 

7 Porphyry .30 2.7 I . 5 
8 Papago fm 1.20 5 4  1,9 

Note: All samples contain pyrite and ehoicopyrite 
as the dominant sulphides, excep? No. S which is 
enriched by ehalcocite. 

FICURE &--Total sulfide content, Mission mine. 
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t-ion of the host rocks. Figure 5 shows the distribution 
of copper.grading plus 0.4 percent as a diagrammatic 
illustration of copper-grade variation. When viewing 
the figure, bear in mind that the white areas--with ~ e  
exception of marble units--may contain about as much 
total sulfide as do the shaded (plus 0.4 percent Cu) 
areas and only sIightly less copper. The lower copper 
content, in some instances, represents a s]ight decrease 
in the total sulfide content, but more generally it 
reflects an increase in the p~wite-chaleopyrite ratio or a 
combination of both. 

Total sulfide content obtained by calculations based 
on chemical analyses of composite samples of drill core 
is shown in t~gure 6. It ~ill be noted that: 1. the total 
sulfide content is higher in the east part of the pit area; 
and 2. in any one sample location, the total sulfide 
content is about the same in the argillite of the Papago 
Formation as in the tactite and hornfels zones below. 
The volumetric percentage is given (fig. 4) because 
the difference in speei~c gravit-y between tactite and 
argillite would otherwise introduce an error when 
comparing the degee  of sulfide replacement. 

There is a paneit T of published anaIytical informa- 
tion on the total sulfide content of porphyry copper ore 
bodies as a group. Spencer (5) gave the su~tfide con- 
tent of three samples from the Ely distriet--a "typical" 

p0rph?~/copper-based on chemical analysis, which 
appears to represent sulfides by weight. Some assump- 
tions and caIeuIations of the author yield the rough 

figures of 2.8, 4..0, and 4.9 percent sulk.des by vohm~e 
for the three samples, which is cow.arable to the 
sulfide content at Mission (fig. 6). 

ORE CONTROLS 

All rocks in the Mission altered zone are reerystaI- 
lized and (or) metasomatized to various silicate min- 
erals, and all are impregnated ~Sth sulfides. The ulti- 
mate source, or feeders, is not yet known. Within this 
altered mass, the Mission ore zone displays a few local 
ore-concentrating structures, but for the bulk of 
copper and iron sulfides the method of implacement 
dearly did not depend on .open channeIs of circulating 
hydrothermal solutions. 

Referring again to figures 5 and 6, the uncoJorm- 
abIe contact betaveen the Papago Formation and the 
underIying silicated sediments of the Paleozoie secl-ion 
has served as a localizing feature. Sulfides follow this 
contact in greater quantity and more uniformly grade 

in excess of 0.4 percent Cu than is the ease at distances 
above or below the contact. Even the quartz/te beds 

are welI mineralized where they abut this surface. 
Similarly, the bottom sides of quartzite beds act as 
local controls. A high-angle fault is seen to cause even 
the unfavorable marble unit to become converted to 
taetite and hornfels and charged wit& sulfides. 

In the eastern part of the ore body certain low-angle 
faults of thrust aspect contain thick 10 to 40 feet--  

J O H N  E ,  K I N N I S O N  

bands of 1 to 6 percent Cu above them. The vertical 
fault on the far east terminates the ore body but not 
the sulfide dissemination, and aIong this fauIt are 
concentrations of massive sul~des. Certain pods as 
much as several feet in diameter seem to be related to 
mineralized fissures; throughout the ore zones thin 
fissures of northeast strike contain sulfides, hut there is 
no concentration .of disseminated sulfides adjacent to 
these fissures. 

That all these serueturaI features are Ioeal sulfide 
concentrators is undisputed; however, the great bulk 
of copper and iron sufides occurs at significantly great 
distances from these structures. From this, the author 
draws the conclusion .that the metasomatism that intro- 
duced great quantities of iron to form iron-lime-sili- 
cates and iron sulfides, along with sulfur, possibly 
magnesium, copper, and other minor metals, invoh,ed 
ionic diffusion as a principal process. Conduits of open 
circulation are widely spaced and are regarded as 
features that were important only in their local envi- 
ronment and not necessarily as principaI ore feeders. 

The porph)aT, rather than being the direct source of 
mineralizing solutions, is itself most obviously a host 
rock because it was altered and impregnated with 
sulfides after solidification. The porph?~, may have a 
genetic relation to mineralization to the extent that it 

may have been intruded from a deeper source of 
magma, which later furnished the elements that were 
introduced into the altered zone. 

CONCLUSIONS 

Pervasive alteration of the porphyry especially, and 
also of the altered c|astic sediments (arkose and argil- 
lite) and of the rhyolite at the southern end of the 
altered zone, is of a ~,pe which few geologists would 
eIassffy as other than hydrothermal. To go further, the 
minerals serieite, clay, carbonate, and p?a'ite-chaleopy- 
rite are commonly placed in Lindgren's mesothermal 
category. At Mission, however, the host for most of the 
copper mineralization is a complex of andradite garnet 
and diopside-hedenbergite, aIong with minor amounts 
of aetinolite and wollastonite. These minerals which 
are traditionally placed in a separate eatego~, such as 
"contact metamorphic," "contact metasomatie," or "py- 
rometasomatie"---are generaIIy thought of as forming 
at high temperatures and under special conditions and 
of being related spat/ally to an igneous intrusive con- 
tact, from whence the mineralizing fluids came. A 

cormonly stated assumption is that, since the sulfides 
in such deposits are seen to replace the silicates, the 

sul~des may be of some later phase, being formed at 
lower temperatures compatible ~th  the Lindgren 
classification. The silicates, it then is held, formed 
early and at high temperatures. 

At Mission, as stated under "Summary of the Depos- 
its" in this paper, the intimate spatial relation of 
sflieated limestone with ser/citized feldspathie rocks 
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and their associations with sulfide mineralization ad- 
mits of no other conclusion than that all rock altera- 
tion, including sulfide impregnation, was more or less 
contemporaneous. The temperatures existing in all 
rocks must have been similar. At Mission the sulfides, 
as might be expected, replace silicates--both the po- 
tassic and lime varieties. There is no evidence, such as 
pre-sulfide, post-silicate brecciation, to suggest that 
any appreciable time gap existed. As a comparison, the 
sulfides at Butte, although they clearly replace the 
altered rock, are the result of a continuous and con- 
temporaneous process, as so excellently proven by 
Sales and Meyer (4). The inescapable conclusion at 
Mission is that either the lime-silicates formed at lower 
temperatures than would commonly be thought or the 
temperature range of sericite-pyrite-chalcopyrite must 
be considerably higher than generally admitted. 

Similar conclusions were reached many years ago by 
Spencer (5) in his study at Ely, Nevada. There the 
porphyry copper deposit is more similar to Mission than 
most others in that extensive mineralization in sedi- 
ments is present. 

In the Ely district an altered zone about 7 miles long 
and 1 mile wide contains numerous separate porphyry 
masses that have intruded a sedimentary series. The 
following quotes are representative of Spencer's con- 
clusions: 

The changes in the limestones comprise (1) loss of 
color and recrystallization to white fine-grained marble; 
(2) siliciflcation with the formation of jasperoid usually 
carrying large amounts of pyrite; and (3) the develop- 
ment of silicate minerals, including garnet, tremolite, 
pyroxene, and scapolite. 

The alteration of the porphyry . . . comprise, in dif- 
ferent stages, the progressive destruction of hornblende, 
of plagioclase, and of magnetite, and the formation in 
their stead o f . . .  sericite and a brown variety (of 
mica) allied to biotite; the deposition of pyrite and chal- 
copyrite, and of calcite. 

The distribution of the altered sedimentary rocks is so 
definitely limited to a zone comprising the medially dis- 
posed intrusive masses that no extended argument is 
required to support the conclusion that the metamorphism 
is causally related to these igneous rocks. However, . . . 
the relation is not a direct one as regards the bodies of 
porphyry which appear at the present surface, for it is 
held that the alterations were ~ffeeted by hot solutions 

expelled from deep-seated masses of igneous material, of 
which the observed intrusive bodies are off-shoots. 

Though the different rocks have yielded to chemical 
reorganization and to metasomatie replacement, each in a 
manner depending primarily on its original composition, 
yet the resulting products are all heavily charged with 
pyrite, and in the main this mineral is accompanied by 
minor amounts of chalcopyrite. 

Another comparison may be made with the Linch- 
burg mine, New Mexico (8). Here a zoned sequence 
of lime-silicate minerals of classical "pyrometasomatic" 
or "contact" type occurs along the Linchburg fault, 
well away from a known igneous mass. Titley (8) 
states, in part: 

Neither of the alteration stages can be fixed in time. 
There is no direct evidence to indicate either continuity 
of deposition or a time break in the depositional process. 
Certain arguments, however, suggest that a time break, 
if one existed, was of such short duration as to be insig- 
nificant. 

The alteration, therefore, is considered as a continuing 
process in which the ore-bearing fluids, although changing 
slightly in their chemical properties, were more influenced 
by the na~tre of their environment of deposition than by 
any gross change in composition. 

To recapitulate my major conclusions: 
1. The Mission mine is a "porphyry copper" deposit. 
2. The monzonite porphyry within the altered area 

has no specific spatial relation to either ore or altera- 
tion but probably has an indirect genetic relation to 
the mineralization process. 

8. Rock alteration and sulfide impregnation were 
more or less contemporaneous. The formation of lime- 
silicates was part of the hypogene-alteration process. 

4. Diffusion was an important alteration process. 
Major channels for open circulation of hydrothermal 
fluids were widely spaced. 
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This map shows areal distribution of disseminated copper 
mineralization (essentially chalcocite with associated pyrite) 
as evidenced by the character and abundance of residual 
limonite in the leached outcrops. In areas oOscured by 
alluvium, nature of mineralization inferred or based on 
available drill data. 
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~ / ~  " ~  'i 6 0  ~ / J  grade feet at 0.6% Gu cutoff. Oxide Area - -  Silver Bell, Ariz. --  A.S 8~ R. Go. ~ Moderate tostrong cholcoci-~ Alteration, moderot e 

", ~- " ~ -  ~ • CD. Hole-25to60ft. 1.0%Cu.as above. , ~. ~ 1o intense. Showing,(I) relative intensity of supergene .. t-... I ' - - - - I  sparse to nil chalcocite ~ • C.O.Hole-less than 25ft LO%Ou.as obov~ 
• C.D.Hole-proposed locations, cholcocite as evidenced by charocteristic.limonite 
" " \ ~ Unminerolize Alteration, wear to a b s e n t .  P9 I1 leached outcrop% ~(2)proposed C.DH. locations. 

~ Mineralized f issure-~rt ical or nearly Generalized outlines showing areas of Old C.D.Holee(Nos I to T6~ located by stadia 
l ~  strongest copper mineralization as 

, I_vertical dip. "-" " )  evidenced by outcrop dcrla, modi- ¢~ ~ Mineralized fissure - 60 = to 80 = dip. New C.D. Holes (Nos. I01 to 109 i by transit traverse 
f Geology by ~L H. Courtright -- Surveyed by R.E.Mieritz 

/ u.i ~ Major faults lied by drill hole data. ToooaroDnv- Fairchild Survey ~ Sco e I -200'  7112/48 / I I I ,  - -  
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| ~,::N: :.~(: ;,,::p . t t ~ ' [ : . 4  E~T- .:. 
- ! . . . . . . . . .  a _ .  . . . .  . ~ i _ . : .  LL :.t:::%,; ......... ~ ;:~;; 

~.t b.:~ >;~ "<7 ~; C;L 

~h.i~ le¢t~r w$11 s~rv~ as -~n e~Dl~,n~t&~n of '%he 
th¢~ ~ntlr~ ~oP~tY~ she~i~g (P!ste i)~ th~ 

~.e~on£ary ~.ial~O~t~ is @ ~ S p e r s e ~ -  
OOD~er~ ssse=tlally a~ , , . . ~ .  ~ 

tkrougn~ut :~ morth~,st t~dlng . . . . . . .  ~ ~-.,~,~÷, in width. This 
- d f T c m  e ~ e  te , ~ . i v ~  ~ . . . . . . .  

u~<~Ifi ~ O * S 

~ . . . . . .  sh~etlng st ~iki~ 
~r@ chs.recterized b y  r~Istively stron:" fls~!~u~i::~ or 

- " ' ,. t , , ~  bsl% of 
a~ror~s t h . e  m a J ~ . ~  st~u~t'u~al b r ~ a  .~hi~h is me~k~d b y  ~, 
$:~t, ru~sive ro~ks trea(~io~:~ northv~S~. Th~ m~,% p~omln~n.t of tkm~se 

• ~q" - 

y ~ o k s  a r e  ~ ¢:las~ite ~ ~ . a . G ~ : t e  ~ ~ . ~ p ~ y r y  .... ~d mO~zO.~i%~ 

In these ~m¢~slts, .the ~xi~ a~c~ th~ }a~ m, . u 

by nua~'rous ~rill holes ~hi~h r~:sre e, zte,~ed one to t~,~o hu.~rsd feet 
bel.~,~ u ~ ,,~. . ,, .... the ~e~ ohed or prim,~:rY mine.r~:liz~tio~ 

a 3 7 ~  

~ f ~Lll ~ 
All. ~ e ~ : ~  ~r s,ha£~ ~ i~e~.itY Of ~:~!~r~,~lize;%i~ 

~ia~slfi=~.tlom:~ ~srs ~sed ir~ ~.appi~%~ (Ple%e I ), 7!hess are diseu.~sed 

be.lo~: in. tha o~dSr in which ~' ~ , " 
obzc'dred 'by alluvi~a or mantle r:ssk~ the strength and uatu~;w~ of 

AP~".. 13 t949 
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cif thv nv~rvm% ~u%~r~gs ~ ~r d6%~r-~in~d ~y ~rili d~%a. 

L ~ 

X~; this ~leSsi~i.~%ion arm ~/~!ee@~. a=~as ~zhibitia£g 

filli,~@~. Theee d~{m~ em~m~e£ voinlmts of mmsid~m% limo~itm 
in %D.~; ou%~rops are a s s ~ m ~  ~c ,~,ovm bean fore,mad b y  th~ 

ffe~V~d by er~sien. This ass~@gpt~e~ l .s  based on 

Cf  mamma b e a m i n g  t h e  ~..mrk mmlO;~m~ l . ~ o ~ I t m  th~=m t h e  ,..,~t-. 

• . ~ ;  ,~  ,. ~ ~ -., 

~" ~ ~ ~,-~ m<~ ~ ~, % ~ - ~.h;, ~;~' ~ -~t'~h~se 

Sons ~ppe~ depOSits, Thm ae,~rall~ ~ep%e#, %h~ozy 
" " ,. 'c • iemves little or no x;esidumi ms that ~ O ~ e z  free ~@"Zlte 

pyrL%le z~e in variO~s ~g~s~s of il~te~saty. I% is 

mie-@" ~m~.~,.,r~ls ia ~nm fCldm~amm~ anm by t~m blea~h-lm~;~ of 

bio%itm mama. The alterat~sm m!~mams to bmomOrs in%~.~.se 
in ar~as of ~l©m~-space£ fissu~in~ a~eom~an~d by 
relatively s~ron~ min~rali~ati8~ ~h. In~luge.s the 

~i ~ 
~ampleS thet the ~OOk i~e~easse I n ,  h~r~ness ~,..~d possesses 
s eo~pa~stlvely f~Ss~ u~mlge~,e£ al@eaza~o~ i~ th~ }?rima~y 
~ S ~  ~ ~ be-.o~. ~ . the. ZO~ of. s e O o ~ z ' -  . y ~haloo@iZe. u~.~s. I% 
a~arm that d~s~e~¢~g a.~i~ ~oi~ti~n~ ~ ~i~.~, ,.,~ o_ th~ 

f 



m 

. . . . .  } "  

to a .... ~ ~. : : .4 : ......... ':•: . . . . . . .  

of the ~:uto~.op~:,, ~his Obsm~Vmtion does ao~ :fm~ly %hat 

of ~n~raliza~IGn iS confi~:e£ to : ~:a~,,~:~: b-el~ in th~ 
llm.~steae~ ,:~ad ~D~y shal~S ~.i~n',g th~ ~mJ~r Bz':~ak 

matm~imi mine mh:ara~mm.~mm.~m~a~y bla,m~.~ a m~lem pr.m~mmm~ 

• o .  t,  a e  pas% : ~ : ~  : : r i v e d  p or~Ioa of thin c.m:~p~ prmduc~.£ in" ~ 
f~em rep!aoem.~e~% %YP~ bodies alo~:~<> fissu~ss i~ th~ 

C .~ o'~ ~'a z~:~ioa of th~ di~:se~i~atsd %. pm is 
g~n~rally Ve:'F ~::~k ~ ~b~en% in t~e~e r~ck~ i~ th:~ 

in. .6~en~'al a ~.el.,ativel~ f:i,e~h ~ :~lalter~d ~ppeS~ea~e, 
Due to the faot, tha~ transit,!O~ from "She french %o s%ro:%,alY 
~ine~aliz~~ tyP~ is. often ~ ~,.d~tlenal ~ . " 
"o~tv~a %h~: t~o r~pm~mss~ts mn m~bi~~ary ,~ivi~ion. 

a~e:l7, &~49 

. /, 

!m~.~m ~himh mt o~e %:ram m.~haoi~e~ tkm ~egimm. ~,vm~e~.~s m~ :. 
%h~ir ~ork is foui-:~ i~ e imrg~ n~ber ~f ogen cUZ~ v~~ioh~ withe~:{% 
exmeption~ a~e loOa.t~.~l ' ' . . r  , ~ . . . . . .  ~ , ~ . '  ef 
the ma~ooa oz" 5 l m o k  i~o~t~ . .... ~; . . . .  ince the ~mse a~:%~ 9z~~iou~ ~s~al 

ezplane ,o,~ea ~ ~ 
~..a~, t1:m ~..~di~s used %his ~,~,~ti~u%ar limoaits ms a p~e~%t~-war 

~ %te~' eole2L ~. Th,Banoi-e~% ¢ha~emter -~-f 
the excavmtloas is evidez~ed by :Jh:~ adv:~oe£ wsather~ag of %1:® 
:~e~ps a,.m~ ~',,~y . . . .  t~hm vegstati~n gr.m~mn~° .... in thin ~te~ ~,~a~m~xm,~ ovmr 

2.00 yemr:s. ~:~.m~o~% ::{ieha:: v~,as the. firmt pe~mr~ t'~ ~all a,.,oentio: to 

th~ matiq~ty of the s~ 9~rtki~:~.s, 

'Dur!n~ th~ p~riod of eariy actlVitF in the is~:~ (¢rade 

the ,/ilmer ~l.l ~'ma for thi~ typm of ore.m, Thin ". ~" ,~.'~ °',~' 
O!d c~:u.~n~.~ .... :~or.%l,.~"": hol~,. ~,ha:,,s a~:: %:~n~hes mn£m<,::%e tlm% the o:: 

.i 

_ . :. _:,:. : . .. . , . -. 

• : 7  --. : 
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n 
d~r~ oolorsd r~idmal limo~t~.o ~e tr~n=he~ ~r~ apparently 
e~avate-~ for ~h~ .... - " ~ " ~ ~ " ~ ' ~ > ~ ~~ 
~ ~hln ~:le ef ~li~e r~k or al!~viun so ~hat ~ ~lose appraisal 
Of th~ ~at~re ~nd ~'requ~y Of' the lim~ni~,~ oOul~ bo ~de. ~'he~o 
th~ .~Vi~sn~ ~,s ~nsi~ fav~x~b!e~ a .~riil hels, a shaft or 

dl~ift '~s ariven %0 th~ ~l~hide ~e2~. It iS ~abl~ that in v~ny 
areas i.~ which the old trenches expose ~ompa~atlv~ly !ittls resiauei 
li~oalt~, ~e othe~ ~rospee$!~g v~as ~@ne. ~a exa~aple of this is 
fo~Dg, i~ ~,he e:~ea imm~ia~eiy asS% ~f the Oxide ~,e~oslt where 
n~sreus ~r~nehes ~/ere dUg~ b~t n~ d~ill~.n~ was done~ even thou#~h 
~m~ of tb~9 se~tsrn m~st hOl@s i~ the O~i¢~.e eoatai~ea o~e. 
~e~en$1y~ Shr~e holes drilled ia thi~ srsa p~ove~ i% te b~ ~i~b- 
m~ginal. " " 

secondary e~ri'~,h~e~t i~ en%i~'ely re~ponslbl~ for t~ ~- oO~7~ereSal 
~a~,~ of th~"kno'.~n con~r o~r~e~o~~ of th~ ~issemi~atsd t~eo 

Th~S~ ~ol~ai,~n~ ~e ~ot pr~i:ud~ the possibility of 
" - ~ ~ ' ~  , ~ ~ ~ % .~ " " ':' ~ " ~ I ' ~ ~ "~,~ ~ ~' ~.~ 

h~w¢~v~r~ ~r~ll ~ ~ s  obtained ~hu~ far in the t~o ~.reas oT 
streamlet primar, y ~opper miae~ii~tation (the O~i~,e and El Tiro) 
9r~vi~,e n~ part~lar ene~urs~Bment for ~ p s r  e~plor~tloa. 

N~nyon ~.ioha~ in his ~sp~,~t of Jmly ~6~ i~48~ on E1 Tire~ 
reoriented that th~ pO~.~~ibiilty of px,-im~ry die, seining;ted ,oppor ore 
Oecurr~g at aepth aie~ the ~%~$~e ma~k~d Oy the ZOO9 Of 

sr~as~ sh~ul~ be t.¢~Ste~ by s.Xtsndi~ a.~ O~ionsl drill hole 
s~ver~i h~dred f~et bslo{o~ the ohs~i~,oeite zone. I a~ in acOO~d ~Ith 
this ~s~O~e~dation~ "~hish has alr~a~y be~ ~arried out to ~on~ 
o~t~n% i.a ~e~ent ~a~n~ ~rill~. Duming the ~u.~nt ch~r~ ~ill 
~r~g~am~ i t  is ~i~ed that t~o ho~.~ ios~ted in ~.~Sas vJhioh 
showed the best priory ~pper values i~ the diamond drilii~g~ ~!I 
be extended two or %bZe~ l%undre~ f~e% below th~ ohalooelts zone, 

• < . . 
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• PHOENIX 

~ V E R  BELL • 
MJI~NG, LLC. m O~JCSON 

Silver 
Mining, 

Bell 
L.L.C. 

SILVER BELL MINE 

THIS COPPER CATHODE 
COMMEMORATES THE 

SILVER BELL MINE 
SOLVENT EXTRACTION/ 

ELECTROWINNING PLANT 
DEDICATION HELD ON 
WEDNESDAYr JuLY 16, 

1997 

This cathode is symbolic of 
the first copper produced at 
the Silver Bell Mine solvent 
extraction/electrowinning 
plant in July of 1997. The 
actual cathodes produced at 
Silver Bell will contain up to 
100 pounds of 99.999% 
pure copper - a metal criti- 
cal to our civilization and to 
our economy. The newly 
completed plant at Silver 
Bell will produce 18,000 
tons of 99.999% pure cop- 
per each year. 

Silver Bell Mining, L.L.C. 
is a joint venture of 

ASARCO Incorporated 
and Mitsui & Co., Ltd. 
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~ISTORY OF EXPLOiT!ON AT SILVER BELL~ ~f~O~A 
' . . . . . .  " < .  

S~ver BBII ~s located about 35 mi!~s ~orthw~t of Tucson, 

Ari=ona. It i~ a classic porphyry ~oppe~ d~posi~ containing ~nrlched 

diss~m±~ated ~halcocits ore in ~!tered por~hyriti~ rmckS with chalco ~ 

• i / 
pyrit~ Or~ xn(~erphyry--and/ a~jacsnt skarn ~on~$. Th~ discovery of 

' k J 

S~iver Be$1 was an evolutionary p~oc~ss which occurrs~ ovs~ a 75 

y~ar period. 

Eecorded ~in£cg ac~&vity began about IS65 on Boot Hill jus~ 

~ 0~ E! Tiro pit wh@~e.a].t¢~ed li~e~t~n~s wer~ foun~ to contain 
/, 

15-!7 oz. Ag mixed with copper oxides. By !874 the Young America 

Co,per C6zpany was mining shallO%~ occurrences of 30% Cu along the 

T~.e ors ~vas shipped by wagon north Aide of Uhe pre~snt Oxide P~t, '~ 

to ¥~ma, Arizona and then hy boat %~ San FranCiSco ~or smei%~ng. 

By 1881 ~he are~ supported s~veral ~inin~ compan~s and two small 

smeiter~ add th8 distr~et was b~ing ~v~rtb!y c~ared to Bisbe~ 

in local newspapers. 

Most of the ore min~ ~n the period i855-1903 c~ne from pods 

of massive sulfide or their oxid±z~d product~ ~hlch were d~s~rib~tea 

in an unprsd~ctabl~ fashion thro%Igh a l~rge skarn zone in Paleozoic 

li~es~on~ eas~ o~ El ~iro pit. Ore gra~es var~d ~rem 5-10% Cu. 

In 1903 most of the properties ~ere incorporated into or pur- 

chased by the Imperial Copper Company add th~ distr~ct had a popu- 

latlon zn excess of I000 ~gith ~he formation ef I~p~r~a m~nznq 
2 

~ organized, production increase~, and at Silver Bell became i~o.~ 

by 19~0 over 2imi!eS Of workings existed in the dis%r~ct. D~rinq 

the period 1900-!909 the ~l ~iro Copper Compe~y had mined oxidized 



i iii:i!i_.~/ii~: I pro~u0~s_ O~ supergena enriched ore in a zone of brecciat~on alon~ . 

• ~ii~i~/~<~he alaskite-dac~-te contact west o~ th~ skarn ores. The ~ ~ ~ • 

...-:.'.~:-~,:.-. of /sma-l-!--~es~o~ ~is=eminated chalcoci~e in alaskita i. ~, ~he E1 

~"~ T~rO mine work~,ngs was apparently ~ ~"~ • r~.Ogn.~d by thO ~.oerial Coppex 
t 

• Co. which in 1909 ~cquired contr=l o. ~ 240 acrm$ owned b Z the E1 Tiro 

Copper CO, and in 1910 completed 44 churn drill ho~es in alasklte 

and quaztz monzonite porphyry Jus~ southw~s~ of the Zl Tizo m£n~. 

This drilling covered ~n at.ca abo~t 10O0 ~t. by 2500 f~, and ~iS- 
/ )  

covered •enriched dissmminat=d chal~ocite/~a= depths O~ aSout [00 ~t, 
/ 

~The geologic r~por~s which were pr=sumaDly wrlhte~ to ESeo~mend 

h 
this dr~llin~ canno~ be found/ At the s~me time a similar dz~!l- 

inq program was started by Oxide Coppm~ Company in the area a~Jacent 

to the Young ~merica mln~ workings0 This ~rogram completed 7~ churn 

• ' A_ drill holes and also encounterm~ di~-sem~n.~d, chalooc!te. Finally, 

in !909, the Seel~y Mudd interests in Los Angeles driiled i0 churn 

drill holes in an altered ar~a eaat 0~ ~h~ prassnt Oxid~ Pit with 

,~n~g~t~v~ ~results. 

From !907-1910 I[~perial incl'e=-sed ~ZO~c~ion ~ixfold which 

caused or~ grades to ~ecline tO 2~4% Cu. During the same pe~io~ 

copper prloes fell ~rom $. 20 to $.,~ and, ~espite th8 openin~ of 

a smelter ~n August 1909, th~ Imperial COpper Company closed 

operations ~n Ausust 1910 and WaS declared bankrupt ~n July 1911. 

However, the importanc~ of th~ previous churn drill reaults had 

-'.-~=i:Li~: - " 

not be~n over!~-~ked..e.~.~.D,'em%~__G,e.~deloe..th.9 q~_neral manager, wro~.@ 

in an o~aratin~. -- v.~n~", of "~,.'ov~.['.'.b~r 8, 1910: 

e I 

. . 
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"A ~urther element of great promise had a~pear~d in the 
findlng ...... of workable values in the @ranitlc por- 
phyry. The mining of porphyry deposit~ of th~s ch~ract~; 
.. .... with no waste vein mattgr to be mined and dis- 
carded, can be accomplish~ at much less cost ~r ton than 
the mining of our contact orebodies, and ...... places the 
undertaking on a man~aCtu~Ing bazls." 

By 1914 copper ~rices had increased ~o $.!7/Ib. and several 

~ompanles investigated the dlstrict~ Incls~!ng th~A~,erican Smelting 

and Refining Company (ASARC0). OD April 12, 1915, H. A. Guess, a 

mining enginmer (who would !abet become Vicm President of the 

Mi~ing D~par~ and a Dirme~or o~ ASa~O), submitt~ a detailed 

report o~ his investi~ations ~ Silver Bell which stated: 

"I would not reoo~_~end spending money that would be neces- 
sary for a thorough samp!inq and exa~inatlon o~ the Imperial 
mines, were it no~ for the possibi!it~s of the diss~mlnated 
area. " 

Guess sent an additional le'~tez t%~o days lat~ which stated: 

"We cannot let this thin9 ~0 by wltheut looking fully i~o 
it and ! therefore recommend, first~ we acquire control o~ 
£hs ~mp~riml Co~paDy'~ DrQR~;~V, or. ~he diss=~a~.~.2Q~ion 
o~ it, an~ similarly of the E! Tiro proFer~y on ~ne same 
basis." 

xn September 1915 Asar$o obtained s~ option on the !~perial and, 

Drobably, the El Tiro propa~t~es. F~ve holes were drilled nn~er 

the ~upervieion of Julius Xruttschnitt (who would later becom~ 

Chairman of ~he Board o~ M~. Isa Mining Co.) to check p~eviou~ 

work by Imperial. Thm results were disappointing, but on 

December 16, 1916 AsaZco purchased the Im~eria! properties which 

were operated un:il 19~1. During 1916 Guess, Kr~%tschnlt£, an~ 

J. Gordo~ Hardy examined the holdings of the Oxide Copper Co. 

which were evenit~ally rejected as too ~nall and of matrix%el grade. 

The reccr-mendatlons were infl~cnced by metallurgical tests which 

indicated 7B% recovery of copper into a 14% Cu concentrate and 

perhaps by the purchase pric~ of $I million. 
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G~olo~ical activity was ~en~ral!y low frmm 1920-1940. ~n ~23" 

Roland Blancha=d made a study of $11vez Bell outcrops i~ which 

he indicated that variations in the color of llmonit~ on the 

weathered surface did no~ bear an obvious r@lationship to ore-bearin~ 

ro~k. In his book (196B) Blanchazd mmsnded his ear!~r observatiens 

' 4 o~a n ~  the% maroon-~Im~d ].1.V~l~.waS a rellabla ~u!de to chal- 

cocite in the quar=z monzonita porphyry (he called i~ alask£te por- 

phyry), but not in adjoining alaskite. Later ~ by Kenyon Richard 

and ~arcld Courtxight we=8 to find that th~ color of powdered llmonito 

~was guide ~o chalcccite @Brichm~Dt regardless of a fairly r~li~b!~ 

~zo=k typ~ or strength of alteration. 

In 1929 the Oxide property was submitted to Asarco a second 

rico. Blanchard, Kruttsch~m=t "~; , ~L~ H. P~ Hill restudied the area 

in 1950 and, after a $25.000 pro~yam of mappin@, undmrground samplin~ 

and drifting, estima=ed a reserve of I0~047,000 toms avo~a~ing !.d6% 

Cu in a blanket 85 f~. thick. However, d~s to~th~ infmrr~d spotty 

distribution of mineralization intezprmto~ from ~urfa~ outcropS, 

[I~ the fact that much of the a~ea was estimated to contain roushly 1% 

Cu which was then s~bmar~in~l,A~ndi~at~ons that the churn drill 

samples were at least 0.3% C~ too hiqh ipz~s~mably due to con- 

tamination ~ro= unc~sed hOlos), ~ .~du. Vocable projections of 

future COpper prices, ~he property was again rejected. 

Followin~ closure of the mine in 1921, th~ area belays a ghost 

to~ and in 1938 Asarco stopped making property tax payments On 

the Imperial properties. Yn 1939 the Plma County T~easurer 
/ 

advertised the I~erial claims for sale, but ~scause certain le~l 

procedures had not been followed~no sale had occurred bY 
_/ 

"i 

i 

- i ~ ~ } i ~  ~ 



April !7, 1940 when H. A. Xu~sell wrote a brief, but thorough~s~m -~- 

mary o~ ~he ~issemina~ed m~nersl~zatio~ in the S~!ver B~ll dist~c~ 

He noted that: 

"... ro~g shear zone, o= zone of brecc!atlon ... thzQ~gh 
the E1 Ti~o mine .... heads for the Ma~mo%h M~ne ... and 
b~yond th~ towards the Oxide Copper ozabody. This fracture 
zone was q~i~e evidently a chan~el £=0m which copper m~er- 
=l±~£mn epx~=d. ~n~ 9ha ~ant ~ha~.~ppare~ly no compre- 
hensive mapping was ~ve~ done of tha~ copper belt three 
miles ~n 18ng~h, s~ggests to me ~hat this problem has never 
been approached in a sufficiently broad way." 

Kurseli sug~esSed tha~ the disappointing results obtained in th~ 

!9!5 check drilling at E1 TAro wa~e part!~ due to poor.placement 

o~ hol~s and tha~ a pote~tia! existed fo~ 4.5 million tons averaging 

1.2% Cu in a blanket 95 f~ thick. He noted that sinc~ Kruttsehnitt's 

' ~ bulk mining, mill construe- report in 1930 technologlca! advances ,.% 

rich, and f!o~atlon methods permitted new ~os~s £o 5e u~d and earl" 

mated that copper could be produced ~or about $.09/Ib. ~ concIDded 

by recom~.endlng purchase of ~hs OXide Copper and ~I T~ro properties. 

Two week~ after Kursell wrote his report the Oxide Copper 

t~,~ for $40, . Company property was again o~fered to Asa~co, this ' ~ 000 

On May 6, 1940, H. A. Guess, ~%ow Vice President of Minln~~ 

• • /~. wrote W. H. Losrp~l, Manager of th~ southwestern 

Minlng Department, that purchase o~ the Oxide Copper property had 

bean approved, the% an !~mediate attempt ba made to acquire the 

E1 Tiro Copper Company properties, tha~ all delinquent taxes on the 

Imper±al properties be pa~d, and that all open ground be s~aked. 

On May 8mm~ expsDditure of $75,000 was appraved tO consolidate 

properties a% Silver Bell. Loerpabel sent a coded telegram on 

~4ay 17 indicating competition from !~spiration and from Calumet 

k- 



:~,. ;. .~d Hec!a for the E1 Tiro p~cpertles, but on May 21 wroSm that . 

....... .. ~- verbal agreement had been .~oach~d to pu~chas~ ~h~ prog~rties ~or " 
.,J.-.-.,:. 
. . . . . .  -~ - '  $10,O00. ~he ~a!e of O:<kda Copper properties was ~pproved by Oxi~o's 

, . . ,  .. 

: D~re=tors on Suna 3, 1940 and th~ payment of $40,000 ~.~d~ on Sune 5. 

Purchas~ of the E1 Tiro properties was consummated June 14 by pay- 

men£ of $10,000. By July 24, land acquisition strategies appmarad 

Ei~mly eshabllshed, options on sm~!! clai~ blocks were being ac- 

qulr@d, a~d a r~=o~nda~ion was ~ade to be~i~ compilation of a 

sur~ce ~olo~£cal map o~ the dist=~ct. 

in 1941 Harrison Schmit~ ~u~ervised a ~~le~l:~.ng~ p~ogram 

by Lawson Entw!stle and N. M. ~<xngsbu~y which established a tOpo- 

graphic b~se b@tween the ~i Tiro and Oxide at@as and m~pped a~l 

rock types. Their r~port did not conside~ the extent o~ sur~a~e 

alteration and Eingsb~ry concludod that in the El Tiro area there 

w~re no reliable indications in o~crop which could predict the 

continuity of s~condary e~riehment. 

Xt~z~rscognized in 1914 ~hat the Oxide area was clearly %he 

l~rger of the two disseminated deposits and Kruttschnitt's suggestions 

made in 1930 regardin 9 Inaccurate drill results were of considerable 

concern, F~.~chex ~ozk was deferred until after World War ZZ and 

in 1948 a churn drill ~ro~ram wa~ begun in the OxSde area to chmck 

the previous results and to locate extensions of kzownz~in@ralizat£on. 

It was also recognized that reliable ~%lldes te chalcoclte onrichm~nt 

which could be interpreted from outcrop studles~had y,mt to be 

established. In 1947 Prof. Paul F. Kerr of Colu~ibia University was 

zetalned to stuiy the distribution of alteration, ~hich he had 

previously found to be a useful ore guide at Santa Rite. In 



November 1947, Harold Court.~Iuht was sent ~o Tucson by W. R. 

Landwehr, Chief Geologist for the v~estarn Wining Department, to 

se~ up a~d s~pervise th% churn drl._ mrogram and to makm a study 

ind@pend@nt from K@rr's of the geology of the area as it related 

~o the interpretation of the drill results. 

Kerr _ ~  eor~clu~ ~ that surface ~.l~erat$on could 

b~ used ~S an ore ~egardless of whether a@~i-~nai .sU=face 

indications of miner~!izatlmn W~ze present, La~er ~rillihg suq~emt~d 

~hat surfa=e alteratloD was not the principal guidm to supergen@ 

ore and, in addition, ~hat some of the alt@ration was itself o~ 

s~pergene origin. In july 17, 1948, Courtright ~po~t~d thz~: 

"A study of th~ outcrops eve~ the Oxide orebody and~adJac~nt 
areas d~sclosed th~ fact ~hat potable var£ations o~both 
th~ color and intensity of r~s~dual llmonits were present. 
~hs attached ~00-s~ale map was prepared to depict the d£~- 
tributio~ and relative intensity of ¢op~S~ min~rallzation as 
sv!~encs~ by oharac%eristlc limonite visible in ~s bedrock 
exposures. The characteristic Zimon~te, apparently ~erived 
~=om pyritic cha!cocite# possesses a colo~ varyin~ from purple 
tinged dark red to chocolate b=own, in con~ra~t, th@ outcrops 
over essentially pyritic bodies exhibit yellow a~d brick ~ed 
colors." 

"Blue-green stains and veinl~ts, ~@preg~Dting chryso- 
cello fez the most part, are prominent ~n some o~ ~he ~la~kit~ 
outcrops in the area. ,... Such areas, classed as weakly 
r~neralized, are not considered to hold potentialities ~n 
respeo~ to disseminated copper ore, regardless of the$r 
spectacular appearance." 

Utiliz~n 9 the above gugdes an eventual ~ining reSerVe of 

million tons averaging % Cu ~as defined in the Oxide area. 

1948, K~nyon P.£cha~d and J. C. Pl~yter t ~  the ~rea of 

previou31y indicated diesel,s!hated mineralization in the E1 Tire area. 

I~terpreting zones of strong sile~t~_ng in alaskite and a charaCter- 

istic "live" limo:'.its as ore guides they rsconuuended 20 hol@s which 

eventually led to the definition of a ~1~.:~inq xeserve o~ 
.. t u . 



" C, 

mill~on ton~ averaging % ~u. ~ ........ ' ~ ..... =-"- - . . . . .  - - ~ - -  . . . . .  4 u  ~ , t . _ _ . . r  ~ . . . . . . . . . .  . 

= ~ - ~ = - = ~  : ~ ~  i n  19B1 the  Dafens~ M % t e r i ~ !  P~oou~e- 

me~t Agency guaranteed to purchase 177 m~ilion pounds of copper 

~he first 197 million pounds p~oduce~ at $.24S/ib. /~h~-~-~s~ 

~n ~959 $~ephen Von F~y began a fi~l~ study ~de~ the di~i~n 

of Richard and Cou.~triqh~ o~ the exploration possibilities for small 

high @fade copper dmposits in ~he skarns eas~ o~ El Tiro pit. Hs. 

also rsvlew~d old file data previously acquired ~rom the Imperial 

Copper Company and foun~ n~.ero~s co~.~?~ents re~arding "low @~ade 

..... cuprlferous pyrite", "impere~ptibSe grading of ore in s~opss 

into no~-ore grade me, erie!", and core ~nte~ce~ts oontainin~ 
V 

0.4~I.0% Cu being described a~ "barren rock." ~On Fay's work l e d  

d~~~m_n~ed mineral~zatao~ to recognition o~ the potential for =~ ~ ~ ' ' 

in the altmxed ssdimmnt~, and subsequent driiling ~n this a~ea defined 

a zone containing roKghly 10 milliol~ tons averaging 0.8% Cu as cha!co-f 

pyrite overlain by an additional i0 million tons of oxidized material 

~' , P , T  
ave rag ing  i% Cu as ob .zysooo l l a  and m a ! a c h i t ~ .  / \Produe~.ion t o  da te  ~ 

Silver Bell has been ~ ~ ' ~llion tons aVeragil~ , ~ ~ % ~u. 

The ~mportan~e o~ Silger B~!l to Asarco transends its mere 

w- profitability. IZ was ~he Company's firs ~ . open pit an~ la~ge-soa!e 

mlninq operation and was a major step tow&rd greater integre~ion 

of m£zing operations into what h~d previously been larGely.a sm@~ting 

and refining business. ~n sddition, the succes@ of Silver Bell and 

the emergSng importancm of Arizona as a zaJor porphyry copper province 

led to the organization of a porph~,ry copper program by Kenyon Richard 

• and Harold Courtri~ht which resulted in discoveries at Mission, -~acaton 

and els6~h~re. 



I 
l 

/ 
I 

/ 

.J 
¢ . T _ . - . . ~  

% 
I 
I 

/ 

/ 

Old S i lver  Bell  
T o w n s i t e  

! 
! 

I 
I 
t 

-% 
ImPer ia l  C o p p e r  Co.  
~r L_~ work ings  

/ 
/ 

! 
/ 

6 
NORTH 

2000 '  

I .Boot 
I EL T I R O  P IT  
( 1 9 8 2  o u t l i n e )  

%1 \ /'1 

/ 
/ 
/ 

I 
\ Outline of hydrothermai alteration 
) and disseminated pyri te ( 
\ (after Richard and Courtr ight ,  

~'~ Nov. 1954, Mining Engineering) 

C.~ \ ~,, / ~"J \ \ /  

C \ O X I D E  PIT 
~----~. \~.,. ,,~ ,----~ (1982 outline) 

- ' ~ - - - - - - ~  Z Lopper CO. 
F ~ Y  nou gA'merican M i n e ~  
k ~ w°rkings~ 
I 

LOCATION OF MINING AREAS 
SILVER BELL DISTRICT 

P I M A  C O U N T Y ,  A R I Z O N A  "~ (~ ;  
. . . .  .. ~.  ~ ~ S ~ - ~ : ; ~  




