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‘ AMERTCAN SMELTING AND REFINING COMPANY
SILVER BELL URIT
Silver Bell, Arizona

August 25, 1966

MEMORANDUM TO: Mr. D. R. Jameson, Superintendent

Subject: THE RELATION OF PRIMARY PYRITE AND CHALCOPYRITE CONCENTRATLON
TO THE DEPOSITION OF ORE GRADE CHALCOCITE, AND THE DEVELOPMENT
OF ATYPICAL LEACHED CAPPING IN THE WILD HOG-COPPER BUTTE AREA
WESL OF OXIDE PIT,

Drilling in the Wild Hog-Copper Butte area, which has outlined a possitkle
_orebody of some 11,500,000 tons, has also revealed some interesting and possibly . .
important relationships between rock type, grade of primary chalcopyrite, per-
cent of pyrite, and the locus of ore grade chalcocite envichment. The pyrite-
chalcopyrite ratio in this area alsc has marked effects on the appearance of
leached capping overlying ore.

N The first thing noted during the drilling was that rock type appasrs to
have considerable effact on ore grade, although in the Oxide Pit area wure grade
has always been considered to be independent of rock type.

The following is an average of the primary chalcopyrite grade encountered
Ain the warious rock types during the drilling.

No. of Holes in

which Primary Average

Mineral was en- Grade of
Rock Type countered Protore
Syenoediorite Porphyry 3 D.23
Alagkite 29 .16
Mongzonite Porphyry 25 oLl
Dacite Porphyry 3 < U4

: It should be noted that the abowve order of favorabilicy will wot ia=
variably hold for every assay intercept, le: In places (particalecly on trp vidge
to the south of Wild Hog-Coppar Butte) monzonite porphyry appeared more favorable
than alaskite. Generally however these relations asppesr valid.

Wild Hog-Copper Buttes area has been considered a poor deilliog cvisk in
the past because of the strong copper oxide staining in the alaskite, and lack
of live limonite. It was assumed that all the copper, becauge of insufficient
strength of the leaching sclutions, had remained in the capping, and no chalco=
cite blanket could be expected. In addition weak brown limonite stain indicated
that the rock had been poorly mineralizad to start with,

Drilling in the alaskite revealed ore grade chalcocite on chalcopyrite
finely disseminated along crystal boundary and quartz veinlets. The unusual
aspect of the rock was its extremely low pyrite content ranging from barely a
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trace to sparse amounts. The total sulfide content in this ares awounts to less
than 2% {posszibly less than 1% in places), accounting for the weak limonite
staining of the alaskite, and prominent green copper oxide in the capping.

On the vidge southeast of the Buttes (sez Plate 4) gresen copper oxide
stain diminishes and disappears snd red hematite stein, limerite sed live limonite
increase. Drilling iun this ares shows that protore grade is somewhat lowsr but
pyrite content is substantially higher (Plates 2 & 3), with total sulflide content
being about 3-5% or about equal to that in Oxide Pit,

CONCLUSION ¢

The apparent reason for the presence of ore under the Wild Hog-Copper
Rutte area is the higher grade of the chalcopyrite protore, being in plazes
little more than a tenth of a percent balow cut-off grade of 0.40% copper.
There is also a possibility that enrichment didn't come from above the Wild Hog-
Copper Butte area, but was from lateral migration of copper sclutions from the
Oxide Pit or other areas. This is important because of the presemce of siwilar
capping over the North Butte area. If the ore in the Wild Hog-Copper Butte area
was dervied from downward moving solutions then ore can be expected under similar
capping in the North Butte area. If, however, 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 ares should show
which of the hypothesas is correct. If the downward movement idea is indicated
then there is a chance of a possible commercial commection of the two avsas.

The initial drilling program propesed for the Borch Butte arss conglsts
of holes P-1 through P-5, Hole P-1 is located over good typical live-limonite
capping in alaskite. Holes P-2 and P=3 are located on molybdenum gecchemical
anomolies. Hole P=4 is locatad on alaskite with oxide capplag similar to that
of the Wild Hog-Copper Buttes area. If P=4 hite ore than the Wild Hog-Copper
Butte capping can be cousidered a wvalid indicator of 1 grade coppar winerali-
zation and more holes can be drilled in similar roo

- i ".g*ia.-,x ]
tgt&mw»% “‘&*g‘; NS g A o e
Jambe A. Briscoe

Geclogist

JAB: jca
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¢ ¢ ¢ STRUCTURE AND MINERALIZATION
AT SILVER BELL, ARIZONA

BY KENYON RICHARD ano JAMES H. COURTRIGHT

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 35 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
Mammoth, in 1865, was the first event of note in the
listrict’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 El Tiro.
Although the then submarginal tenor discouraged ex-
ploitation of these disseminated deposits, selective
mining of ore bodies in the sedimentary rocks contin-
ved intermittently until 1930, 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 El 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(P) 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

157
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162 KENYON RICHARD AND JAMES H. COURTRIGHT

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 chalcocite zone, a condition that exists in many of
the porphyry copper districts (4). This indicates that
the Silver Bell chalcocite 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 chalcocite
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 topography
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-

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 chalcocite. 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 ore
possibilities has rested mainly on quantitative rathe:
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
chalcocite 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 (8) 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 gratefully 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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Structure and Mineralization at Silver Bell, Arizona

pyrite and chalcopyrite. Although occwrring as
discrete grains, they are more abundant—accompan-
ied by quartz—in systems of veinlets or seams that are
usually near vertical in attitude and persistently paral-
lel. Varying 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 scale, any single line in
the pattern of “Mineralized Fissures” on figure 1 dia-
grammatically represents a large number of parallel
veinlets, rather than an individual.) 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 proportion strike north-
west and a few are random. From a broad viewpoint
there are, among these systems or groups, no intersec-
tions of consequence. Within a group, changes in strike
occur gradually and result in curving trends. As noted
earlier, these groups of mineralized fissures 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 nearly everywhere in the zone of disseminated
sulfides; 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 with the positions of
the two ore bodies (fig. 1). However, the actual
structural, mineralogical, and lithelogical distinctions

among these and other smaller groups are minor, and

the factors that controlled the position and size of
these two groups are not clearly evident. A strong east-
west fault that terminates in the Oxide area may have
influenced the conceniration of fracturing there, and at
El Tiro the sharp bend in the alteration zone and the
group of northeast-striking dikes likewise may indicate
a cross-trending line of weakness that loecalized
stresses. Monetheless, the importance of these strue-
tural conditions is not clearly demonstrated, and mo
good evidence is found to explain the structural cause
of the more intense fracturing which localized the two
ore bodies in their present positions in preference to
other locations along the major structural line.
Qutside the zone of alteration the dacite porphyry is
finely fractured and jointed in most of its large exposed
area. In sharp conirast to the systems of parallel
fissures in the alteration zone, these fractures in the
dacite porphyvry are almost completely of random
orientation; parallelisms are rare and traceable for
only a few inches or feet. They are pre-mineral in age
where they are found in the alteration zone in the
westerly and southwesterly parts of the dacite por-
phyry. It would seem that in physical aspect this
formation was exceptionally well prepared to be min-
eralized—perhaps better than the rocks of the ore-
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zone proper. The fact that it was mineralized only
locally may be accounted for, in part, by the absence
of systematic fractures. That is, only the svstems of
parallel fractures were connected with the deep-seated
source of mineralization, and the pervasive breaking of
the dacite porphyvry did not alone qualify it for miner-
alization.

Excepting the post-mineral andesite dikes, all ig-
neous rocks in the narrow northwest-trending zone
shown on figure 1 are hydrothermally altered. Varia-
tions in the intensity or in the completeness of the
process have been subdivided by Kerr (8) into five
stages. His analysis demonstrated, among other things,
that the known ore bodies are in the more strongly
altered areas. The area outlined by the writers on
figure 1 includes all degrees of aiteration, but no
differentiation is made. It merely represents the areal
extent of bleached-appearing igneous rocks showing
evidence in the leached outerops of pre-existing dis-
seminated sulfides—principally pyrite. The transition
to relatively fresh rock is quite sharp in manv places,
particularly along the contact with sedimentary rocks
and on the faults in the southeast part. However, along
most of the southwest margin the transition is grada-
tional, and the limit is an arbitrary line.

Tactite—composed essentially of garnet, diopside,
other lime-silicate 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 chalcopyrite ‘to be
classed as low-grade ore. As in the Mission deposit

(13), this mineralized tactite is regarded by the writ-
ers as having been formed by the same processes that
altered and mineralized the intrusive rocks. Thus, it is
a product of hydrothermal metasomatism rather than
contact metamorphism caused by the dacite porphyry
and the monzonite as proposed by Stewart (15).

SUPEBRGENE ENRICHMENT

The two ore deposits consist of rudely tabular accu-
mulations of chalcocite from 100 to 200 feet thick.
Lyving beneath about 100 feet of leached capping, they
were formed by twofold to threefold enrichment of the
copper contained in the primary mineralization. Typi-
cal ore is composed of altered rock and sulfides in a
ratio of about 10:1 by weight.

Most of the capping over the ore bodies contains less
than one-tenth of 1 percent copper as cuprite or cther
oxidation products mingled with the limonite. Occa-
sicnally, somewhat higher values occur where copper
has been precipitated as silicates and carbonates by
reactive gangue material present in less altered rock.
In the ore bodies where alteration is strong and the
gangue is nonreactive, the upper Hmit of the sulfide
zone (or the base of oxidation) appears on open-pit
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¢ ¢ ¢ THE MISSION COPPER
DEPOSIT, ARIZONA

By JOHN E. KINNISON

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 bajada 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 of
the Mission deposit is known principally through the
study of diamond-drill holes spaced 150 to 300 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 (3) and

1963 (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). Paleozoic 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 quartzite layers.
A thick sequence of clastic sediments—arkose and
siltstones—of Cretaceous age disconformably overlies
the Paleozoic rocks. Following or during the earliest
part of the Laramide Revolution, thick sequences of
unsorted and very poorly bedded silts and volcanic
pebble conglomerates were deposited on an eroded
surface of Paleozoic and Cretaceous strata. A period of
major deformation and erosion separates these rocks
from an overlying formation composed of 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-
toid plutons of “Laramide” age form the core of 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 voleanics was later de-
posited above a post-ore erosion surface.

Folding and thrust faulting are the dominant pre-
ore structures. Major post-ore structural dislocations
have produced the final chapter in an already compli-
cated geologic history.

SUMMARY OF THE DEPOSIT

In the close vicinity 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. The bedrock surface is a buried pediment, and
only a few small outerops protrude from the alluvial
plain. These small and isclated knobs, which are the

tops of bedrock hills, are within a large area of perva-’

sive alteration and provided one of the principal explo-
ration leads. The very simplified geologic sketch in
figure 3 shows these features.

Hypogene sulfides are generally within 50 feet be-
low the bedrock surface, and secondary enrichment by
chalcocite is limited to a very thin veneer. The reasons
for this lack of oxidation and enrichment may be
manifold, but in part at least the process of pedimenta-
tion probably removed any original enriched blanket
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that might have existed below the clder middle Ter-
tiary erosion surface; in the final stage of pedimenta-
tion a combination of a high water level and a geologi-
cally short time duration has inhibited deep oxidation
and consequent enrichment.

Alteration—the formation of new minerals or tex-
tures and the destruction of the original rock character
—is 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 3. The
altered zone is roughly 8 by 2 miles in areal dimension,
whereas ore or possible ore appears to be limited to an
area not much larger than 1% by 1 miles.

Copper and iron sulfides are disseminated in all
rocks within the altered zone, and, conversely, there

are no epigenetic sulfides disseminated outside of the

altered zone. This relation is so singularly conspicuous
and without 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 space.
The Mission ore body represents only that part in
which the copper concentration is sufficiently great
and which occurs in such position that it may be mined
by an open-pit operation. The average ore grade is
typical of disseminated copper ore deposits in the
Southwest.

Alteration of the feldspathic sediments and igneous
rocks produced sericite, clay, and metasomatic quartz
and orthoclase, whereas the alteration of limestone has
formed an assemblage of lime-silicates, such as garnet
and diopside. Both types of alteration occur in a mutual
environment, and all are veined and impregnated with
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plain as known through drill data.
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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 ALTERED 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 argillite,
and the younger Kino Formation, which consists dom-

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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ALTERATION

Pervasive alteration here is grouped broadly in two
categories. The first, which causes the most cbvicus
changes in the rocks, 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 sulfides. A large area of marble in the
central part of the ore zone displays only slight evi-
dence of alteration, such as the coarse grain size of the
calcite crystals, representing recrystallization, and
traces of sulfide impregnation. The general distribu-
tion of alteration near the pit is diagrammatically
shown in figure 4, which also shows the principal
structural features.

Feldspathic Rocks

Alteration products in the feldspathic rocks are
sericite, orthoclase, quartz, biotite, and clay. The rocks
so altered are quartz monzonite porphyry, argillite,
and quartzite.

The quartz menzonite porphyry contains euhedral
to subhedral phenocrysts of plagicclase and resorbed
quartz phenocrysts set in a recrystallized matrix of
fine-grained quartz and feldspar. Ragged wisps of
biotite usually are present. The rock is flooded by
irregular blebs and replacement veinlets of pink ortho-
clase and quartz. The plagioclase phenocerysts are re-
placed by sericite in varying degrees and to a lesser
extent by clay minerals. The metasomatically intro-
duced quartz and orthoclase replaces both the matrix
and plagioclase phenoccrysts. For comparative pur-
poses, alteration of the porphyry may be said to
resemble more closely the alteration at Ajo or Bagdad
than that at Morenci or Ray—to name a few typical
and well-known districts. Pyrite, chalcopyrite, and,
rarely, molybdenite occur as discrete grains scattered
through the rock and also in veinlets associated with
borders of quartz and (or) orthoclase. The tenor of
copper is typical of chalcopyrite protore in many

porphyry copper mines.

Argillite, both that of the Papago Formation and the
thin beds in the Paleozoic rocks, is almost totally
altered to a very fine grained aggregate of sericite and

(or) a recrystallized mosaic of quartz and feldspar,

Sulfide veinlets bordered by a narrow zone of quartz
and feldspar give way at the outer edges, first to
sericite and then tc fine-grained bictite. Pyrite and
chalcopyrite occur as disseminated grains and in vein-
lets. The conglomerate of the Kino Formation, which
consists of pebbles in a matrix of argillite, has been
similarly altered, although chalcopyrite virtually is
absent, and pyrite is the principal sulfide.

Quartzite in the Paleozoic section generally was
derived from quite pure quartz sand. Its alteration is
evidenced by nearly complete recrystallization of the
quartz grains and the formation of sericite from a
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minor silt fraction. Sulfides are sparsely disseminated
and also occur as widely spaced veinlets. In certain
areas, however, chalcopyrite in disseminated form
grades as much as (.6 pereent Cu.

The arkose of Cretaceous(?) age has been altered
so that the clastic quartz grains are set in a soft white
matrix of sericite and clay, and the fabric is transected
by sulfide veinlets bordered by white hales composed
of quartz and sericite. Pyrite and chalcopyrite are
disseminated, partly as discrete grains and partly in
the little veins.

The biotite rhyolite in the southern part of the al-
tered zone is altered to clay, sericite, and minor carbon-
ate. The original biotite is altered to sericite. Feldspar
phenocrysts are less altered than the matrix, which was
originally glassy, and also are less altered than most of
the foreign inclusions. Pyrite is disseminated through-
out, principally as discrete grains, and chalcopyrite
occurs in minor amounts. Assays show that small
amounts of lead, zinc, and silver are widespread.

Limiy Rocks

The Paleozoic sediments, which are principally
cherty limestone, pure limestone, and marl, have been
converted in the Mission altered zone to various Kme-
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
diopside hornfels type, suggesting that the rock was
originally a dolomite. Elsewhere, both sharp contacts
and broad gradational zones between the two types
suggest a more complex history, possibly involving
migration of Mg. A third variety, which I consider to
represent weak alteration, is represented by white
coarse-grained marble with merely traces of dissemi-
nated sulfide grains. This type possibly has formed
from black thick-bedded Permian limestone, as sug-
gested by residuals of black limestone of that type. The
contact between marble and tactite/hornfels is com-

monly sharp, but in places it is marked by the presence
of wollastonite.

The tactite type consists megascopically of massive
structureless yellow-brown garnet, vellow or brown
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 show small amounts of alumina in the spectro-
graph. Soft white material commeoenly admixed with
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
mineral has been identified in numerous samples in
thin section as fine-grained diopside. Sulfides occur as
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Ficure 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 varjety 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 44 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. Rock /e Cu Weight Volume
| Tactite .55 7.2 4.9
2 | Papago fm .82 6.5 3.8
- 3 | Tactite 1.OO 6.2 4.3
one mile 4 [ Papago fm | .65 | 4.7 | 2.8
K=} Papago fm .94 4.5 2.7
6 | Tactite .87 4.5 3.0
7 Porphyry .30 2.7 1.5
8 Papago fm 1.20 3.4 1.9

Note: Ail samples contain pyrite ond chalcopyrite
as the dominant sulphides, except No. 8 which is
enriched by chalcocite.

Ficure 6.—Total sulfide content, Mission mine.
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tion 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 the
exception of marble units—may contain about as much
total sulfide as do the shaded (plus 0.4 percent Cu)
areas and only slightly less copper. The lower copper
content, in some instances, represents a slight decrease
in the total sulfide contemnt, but more generally it
reflects an increase in the pyrite-chalcopyrite 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 figure 6. It will 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 specific gravity between tactite and
argillite would otherwise introduce an error when
comparing the degree of sulfide replacement.

There is a paucity of published analytical informa-
tion on the total sulfide content of porphyry copper ore
bodies as a group. Spencer (5) gave the sulfide con-
tent of three samples from the Ely district—a “typical”

porphyry copper—based on chemical analysis, which
appears to represent sulfides by weight. Some assump-
tions and calculations of the author yield the rough

figures of 2.8, 4.0, and 4.9 percent sulfides by volume
for the three samples, which is comparable to the
sulfide content at Mission (fig. 8).

ORE CONTROLS

All rocks in the Mission altered zone are recrystal-
lized and (or) metasomatized to various silicate min-
erals, and all are impregnated with sulfides. The wlti-
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
clearly did not depend on open channels of circulating
hydrothermal solutions.

Referring again to figures 5 and 6, the unconform-
able contact between the Papago Formation and the
underlying silicated sediments of the Paleozoic section
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 case at distances
above or below the contact. Even the quartzite beds
are well 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
tactite and hornfels and charged with sulfides.

In the eastern part of the ore body certain low-angle
faults of thrust aspect contain thick—10 to 40 feet—
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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 along this fault are
concenirations of massive sulfides. 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, but there is
ne concentration of disseminated sulfides adjacent to
these fissures.

That all these structural features are local 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, involved
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 necessarilv as principal ore feeders.

The porphyry, 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 porphyry 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 clastic sediments (arkose and argil-
lite) and of the rhyolite at the southern end of the
altered zone, is of a type which few geologists would
classify as other than hydrothermal. To go further, the
minerals sericite, clay, carbonate, and pyrite-chalcopy-
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, along with minor amounts
of actinolite and wollastonite. These minerals—which
are traditionally placed in a separate category, such as
“contact metamorphic,” “contact metasomatic,” or “py-
rometasomatic’—are generally thought of as forming
at high temperatures and under special conditions and
of being related spatially to an igneous intrusive con-
tact, from whence the mineralizing fluids came. A
commonly stated assumption is that, since the sulfides
in such deposits are seen to replace the silicates, the
sulfides may be of some later phase, being formed at
lower temperatures compatible with 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
silicated limestone with sericitized feldspathic 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) silicification 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 destructlon of hornblende,
of plagioclase, and of magnetite, and the formation in
their stead of . . . sericite and a brown variety (of
mica) allied to blotlte 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
requlred 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 bodles of
porphyry which appear at the present surface, for it is
held that the alterations were effected by hot solutions

287

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 metasomatic 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 nature 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.

3. 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
Huids were widely spaced.
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gzgeptionel Fevorabillty ar = host Tor 41 g%ﬂ% %@%ﬁ sinnvellizatison,
The Shreg rodks, @* ﬁmﬁiﬁ flowe, dscifs w@? Foy sl wf&ﬁﬁﬁiﬁgg G
irreswierly dletpibuted *q%&&g% *ene %@g%§$ﬁg aroeaing wﬁ@h snd lown
EHass in %m&% appears €2 be & haphesnpd feshion, Syewenr, Yo dots
st haad 4o ﬁ@% i w@%&v% & ﬁﬁﬁfi@iﬁﬁgzgfﬁkﬁﬁﬁ%@f gevarass B0 B8 500
ﬁ%ﬁw@@%ﬂ T % oszole sadizentaviss ove conyidesed unfavorable

rogansg iotonse B ﬁﬁfﬁgiﬁﬁiiﬁﬁ 22 & rale sybende bul e few tons of Teet
m’&a‘?a Shuse %‘%%Ei%st

f‘é@ﬁ?ﬁ%ﬁ%ﬁg the fspoell Pepresents the owadust &0 pruprasse
i@@ Lgnghing &n a@ﬁgﬁﬁ% af & oreun of ?%?@ﬁi?@iw sloooetpaped soupe?
ne shasr m&%@% Tho ﬁ%ﬂ@ﬂﬁﬁ%ﬁiﬁ? of the phelooeits setuvrence
is due *%idéy to %ﬁ@ &”ﬁ%%?’%ig%ﬁ ublon of ?%@ %yﬁmw@v gonpeyr, sad bty
swae gxbant to wﬁﬁmﬁﬁiﬁﬁiﬁﬁ pliz %%%% gondirio Tus %b?*%%ﬁ?é} in roek
sepmendility., Foesntielly, %he deposit %ﬁiﬁggjii g salegere LTBnge
itionnl bﬁi%@%ﬁ @ typloel § fonpring @# snarshvpy eoPHETT and o sopper

beariaz vols systan,
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T A phtafy of the guiovops over the Uzids ore body ond
@%g%ﬁﬁﬁ% srons diseloassd t$he E%@t thed noteble vardstions in %ﬁf&
tas oolor and laotspelly of repldun) 3&%@@%@% were (reseni. ;
stteabed 200-sgnle mop wag pPopered to depled the ﬁ%@%ﬁi@ﬁ% @% and 2elate
iva i@%%% 318y of Goprer m§3$§§$$%§%%@3 %w Tovideneesd b% @t ﬁ@ﬁﬁﬁﬁﬁg%*ié
1imonite ?ié%?ié in whe Ledrodh exyd ., This sharsoteristic
limpuite, 2 seromtly durived from ﬂ%%%%% ghalopaite, %%ﬁr%ga@w & aslor
yarving from pusple %iggﬁé/éﬁy rad to chonslinte Eﬁ%ﬁﬁﬁ in coutyent,
%%% %ﬁ%% GTn sear esmpntinily | pyritio bediss %ﬁgﬁﬁﬁ% raliow rod P

EE%&*@?%@% staine and e ﬂzgﬂbg %?ﬁ%%@%ﬁiﬁﬁ’gﬂg%*ﬁ§@ggﬁ
for $he mowl PeED, %@% %ﬁﬁﬁiﬁﬁﬁ% in @ %ﬁ_%é e &3@@%&%% guboroes of
%ﬁﬁ ars8,s In thése g it ig %&ﬁ@"%fﬁﬁ thet the sesger anound
of sapper @E&@iﬂﬁ“;g %Eﬁ%%%g = the vy waz Aisenived By said i%ﬁ%ﬁiﬁ?

zad @%g%%ﬁﬁgﬁ%ﬁ%%é as siiteste %ﬁ?ﬁﬁgﬁ rhp neutzeiizing effect of n
iose sitercd voulk, “uch argss, elazseed oz weekly winsosiived, ove ned

sanaidorsd %o hold potentielitier in respest S0 dlssspinatod BHBHET
ors, vegurdisss of thelr apeet

aSuiay BEpOUFARY
_ Feverel 1isitetions &%@ inberant ig Sha i %@?%5%%%2%@@
5% L &%&@3 sutarepsl iL) The mparee pooupreuse of onod bady Ghe
“ﬁwﬁgag ia parhera the Torsspd TR ??ﬁ#%m% Che %ﬁ%ﬁ gppaptanity
f@ﬁ appeaisnl of the ﬁ%@&@% end intansity of ﬁﬁﬁa Eiﬁﬁﬁ%%%% in
the @ﬂﬁ*a%z@ﬁ %ﬁ%ﬁwi%ﬁ% the 1izonite hoe %%%3 wﬁfgﬁﬁf wrgshad out by
the slomen’ g ﬁéﬁﬁi% ai@@ aften aoth @@%ﬁ then en obooure “Geosrt

palish™, Tup tyonsition from seak t¢ styoor siosralizution iz of
& aﬂpﬁ%@iﬁﬁﬁz seturey 23l shellge and intensities ave phesent) thas,
%ikggifa% botwesn olassifloations must Yo arbitsarily @%ﬂlﬁ% £53

% @mm%@% gzpresgion of 2 nineralized Dody 1o oot nGcewe %MQ?? % %ﬁ%%ﬁ%@&

On the %m%ﬁ%ﬁ@ﬁ man are shown $nny
foatures, e @i%%@@%ﬁ%%ﬁﬁ ol BupTEP ﬁ%ﬁ@%ﬂli&%ii@ﬁ b ke 3@@&%2&% of
214 apd Pesent ewmrn drdil hole s propossd hclew, .
Rosk types wevs omitted for the ashe of aiﬁyi%?ﬁ Ty Bnohod :?@&@ 1iom
wha &S%g to spooupase avetsg ot ?@?@%i vely intonse ghslgoelite = ;@ﬁ:iiﬁ&?i“ﬁ
ag ovidsyged By the ab ﬁ%@ﬁ%mﬁiw@i@ ﬁ, ﬁ?ﬁ% in rook syposuves, sudified
in paft by 411l Bole data, 11 42 bare %ﬁ}@%%&ﬁ%ﬁ hnt %M@ﬁ% sutlines
are pot oreeise ﬁ%*§@§%§%2$;¢ of aoumereisl ore, but popely & reane of
goaveanting nress of stro 25 SOTTOF minsralizetion - the wmein oblective
%&iaﬁ ts noprow the tareet! AT ore dses Aot ﬁgﬁaﬁ-wﬂfﬁiﬁ @zw-ﬁﬁﬁ ot
these particulsy avess, “$he shappes gutelde are isgeed slime

The Czide ore depuelt cmneliote of $ur slvony s
gesagetad Uy & navPow wasy zone €00 wpeilel ¢o the ﬁéﬁ%@%&%ﬁ%ﬁ
§@$§%§@ iz the wiginlty Pipersiivation dice out vetbor shruptly

an the gorbbt oz all ﬁ% e pidss & tondensgy bo Poathsr oub sleng Fiseurs
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. dpende is azpevent, The posaibilities appear %0 %ﬁ E5m§%$§ te & fow
vary emsil %ﬁ%&ﬁ«i - %?&hﬁa the margiase of the deposlt az ﬁéf ned by
whurn drililsgs

, i ﬁ%&i&% Bhe ﬁﬁyﬁmﬁ% timdts of e Grife sﬁmﬁﬁﬁ:’k SHPpoP
ﬁiﬁﬁﬂﬁiimﬁ%iu@ i% speraily wek, witn the exgepilion ol 8 Taw %@%ﬁ?f
gmnll arsas b ﬁ ﬁgﬁ sutlinad o the 2. %& Punt that *018 Tizeps®
were aenre o rome exdent of 4w §fionnee of 1izonlte afley of nelonalite
s syildoneed %g ths Lonedion of HERETIRE ﬁ%%mﬁhaﬁg afis ﬂ%ﬁ aritl
wﬁm@% grer bhe whols aIfe . They o lovity of the %E@m%§ §¥i$§% sad

hoise outolde the Ouide Aspopit are spobted divestly oz astedie
: bions ot this phavsetaristic iirmﬁ%%@, T ﬁ@ﬁﬁﬁu¢“ v
'Egai g syated 5o 5 slininney exploreting zampak of the shureptede
i&%ﬂ% 3%%%§§%$ iy %3&@?5%% @iﬁ%ﬁ@ﬁﬁ £he %ﬁéﬁﬁﬁga

) Wﬂ% leastions of 156 3 ﬁ§§agﬁ shurn 4oill bolss In the
jrwediete Uxids avss uve gpoticd on “tre mmp, O & wone, 14 ave for tLhe
PUTDRLS w§ gafining Sbe ﬁﬁ%ﬁﬂﬁ of the éﬁﬁﬁﬂiy whaye popgidle sxzionsiong
B2ist, P L5 snd F 16 swe iz pvovide sadiiicmel inferwation oo the
grtent of ore sliong $3e weshern %@g‘iﬁ: of $he E%m %m?ﬁ% zhue wheye 8

sharp spenrd W8Iy seeurs in ibe ahsloceids “hlanket” {2se sent *%::** Dedd %
@ﬁé;g,éﬁi A ?%%%E% fap fune 120,

week of the Dzide fdapssit, holeg ;ﬁq 1y 12 apd 75 ave
grodited =ith aye in dhe lopes Thess holes, Ll ﬁa;é oo, T4, woly
gritied ﬁ@fﬁ%%ig’ﬁa B phytagly mizorslised 71 sgury shamg therate B,
%iz% peeaibdility OF ¢ e Foinl exbent of oS Lers g;\ wpen 40 m@fﬁﬁg
Srupeand holse ﬁba i7, 18, 12 ﬁﬁﬁ 20 gre den g&%& az the rinioge !
ﬁﬁﬁﬁ%ﬁ%ﬁg s provide @M saswer o the cue §%§@ﬁs

in ad@iblion =
spall frveguler spnen are iﬁﬂ%%@ﬁ o % a 8 ;? ﬁ;
shich iﬁ%m{;@ﬂ wm wlse Boe F1 nnd wy %g%' ’% Gl
tin bopder of the uwep, pessling Juod oopdh of Wil4 ® and %mzﬁf %zg%w
sod thenes were asetl ﬁ@f’ﬁéﬁ'@“ for soxs PUOC feet, %mw shout this
extent, o sontlioudus band of slpoagew e4Dpor *zﬁzszw%im sien dess nob
Bopaay "ep euiat = ratharp, ﬁi&wﬁ in = se¥ies of disaentisucus leasee of

ginnr glsg,

Hoar ’ﬁi&% somt ené of Fortlond ¥i1l snothey soall eves ol
limeaite altar ghnleosits io ovtiined. Ugs, md poeslbly w6, 414 dbura
&rill holes wupe lossted here. This arce -Z‘:%’% we sontigeous with sf%&”%ﬁ
w%é%%« gad ppobiy showlops mﬁ@ apouy 1000 fest, move o¥ lsse, %o Yhe
gatc,
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he potentislities are sonsidered & be of sudh o

1 imbted %%%ﬁ% é;s 4 oe %ﬁ%ﬁ%’%ﬂﬁ%@@%i@@ﬁ avsar thet no explorstion
ig propesed fovr the presents Jo tho ovest ay m&?@%%&m e mseonred
5 the Czils ﬁ%%@*‘% %‘*@wﬁ ﬁﬁ'&%%%%%é prospeote may wrll fupthed

T

Miéﬁ%%im gr o pepsibls apures of 8 few sdditionsl Logs of o%8.

&

Tohel To0%ss06 %ﬁliﬁﬁ o Foly Sefscsnnans gm\%ﬁgﬁ fout
Antusnt o 2 d%;@%r%ﬁ iz %%«ﬁ%%ﬁ%n#t#gn@s%ibs@&-
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southwesbern bivision, Slulng ,
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Dear DiPY |
This letier will serve gs an ﬁﬁ@l&ﬂ&%i@ﬁ of the two
saoonpanying meps of the @mti?ﬁ_pfnyaytyiﬁﬁhowia% {Piate L), the
extent snd asbure of minerelization and §?1&§ﬁ”iz}ﬁ the positlions
and relative copper valees of all ynown 4rill heles. .

REREA SRS OIS

Genersl Veatures of Minsrellzebion -

coondary chalaselte, 1o disperssd
throushout & northwsst trendin ' pitie minerslizetion over
fPive miles long end from oss Lo 3 1send feed in widthe. This
copper, derived for Lhe most peprt from the lseching of shaloopyrite
baharing veinlets, ccours In girnificsat ooncentratlions sypproaehing
sommereiol sizs 4n bub twd areasn, thyee miless apart, ootk gdopoalts
sre echorsctarized by relstively gstrons fissuring O sheesting, striking
asoroon the major strustural bresk whieh is mprked by ® baelt of

iy

gopper, essentielly as

o

intrusive rocks trending northwest. Ths moat promineat of these

rosks aret slaskite, daglis, porphyry and nonzoniis.

In those depositz, bhe Uzlde snd the &1 Tire, the ore
conteining around 1.05 Cu and 5,00 zulphide fron, OGOUrS in fiasb
lying rudely tebular bodies, ong H0 two wandred feet thick, bensath
w of one bundred feet of 1eached espping. -& avidenced
by nuperous 4rill holes which were extended one to two hundred feet
welow bhe shalegelilto z0nS, the uwnenriched or primary winerelization
eonteins from «8% 1o 4% wopper in the forn of eheleoopyrite,

putside the limits of she aforosenbioned deposlis, CODRET
s widely dlspersed throughoubt the syritie belt in reletively small,

2

i
dispontinugus ZONEH.

ﬂl&sﬁifiéﬁtiﬁg}@f,XQa@hﬁﬁ @uﬁawg,#f&

411 demress or shedes of intensity of mineralization ave
present in the nrres, however, for the gake mf»al&@i%ﬁﬁ'@ﬁly‘f@ur
clapgifications wers used in mepping (Plate 1. Thegs are dispusped
weloyv in the order in which bthey oceur O the mep legend, in oreas
abzeured by aliuvium or mantle roek, the streagth and neture of

winoralization, shown o the map, Was snferred from the character

WL Rk
- APR 131949




‘wem  OF the uenvest outersps, or determined by drill data, w
;w ‘ Eﬁ‘@&?é’ﬁi& ﬁmﬁ%%z ah@é{)@gm -
In this olessificatlion sre plecéd avess sxhibitiag
ot spations of wmaroovn to black

b

rﬁlﬁﬁ%W@K' 8% EA &
%%@gﬁiﬁaﬁ"ﬁﬁ@&?ihg gasentislly se nerrew veln oF ssam
FR1LIL
in the outersys are assumsd to heve been forped by the
szidation and leaching of pyritic chalosoite veinlote, @
prosaes whieh book plave bénsath cep rock subseguently
rempved by srosion. This ezsumptiss iz based on
shaprvatisne which support the vonclusion that over known
sre bearing ereas the oubterops show e mueh cleszer spacing
of seams bearing the dork selofed limonite then the sule
grops over sarsas nown o be sub-nsrgiuzal in copper
veluess over arsss kavwn 0 be practiselly free of
chaloocite, the durk golored limpaite is very sparse or
- abeent antively, ‘ ' S ' - :

‘ Aveopding %o ¥p, Louls Yeber of the Phelps Jodpe
Corporation et “orensl, the dark wercen or purplish tons
of the limopite derived frow the lesching 0f chaloovcite~
prrite is dus 16 the presenge of minor smounts of '
cipric oxide, L LR .n '

ritie Minersiization, eheluscite sparse o aboent -

w interpretatis eage ig bassd oo the
yellow Lo browa or red stadains in The oulezdps.
Savities and open seems, indlesabive of pre-existing
sulphigen, sre prepent, dut for the mont parlt-thezs ere
devold of the dark ecolored pulversnt limoalite,
charebteristic of pre-minetsl pook purlnges aver supere
gone gopper depbsiis. The generally scospted theory
iz that eapper free pyrite lésves Little or no residusl
timonibe, but often ghulns $he host rock weric :
of brown by wad, - o

%

slterstion, ovidenced by the jensral vlesohed

sppesranss of the outersps, is presgnt throughont the
pyritie gone in various degrees of intemsity. 1t ls
cherasterissd esgentially by the development of verivus
slay minsrale in the Teldspars, and by the bleathing of
the ferre mmgneglan minerels, veproseuted malinly by
biotite miscs, The alteration zppesrs b0 be wore intense
in aress of olose-spaced Tissuvring accomponied by
relebively strong miseralizetion,whish inecludes the
pre bearing areas. However, it has besn poted in drill
semples that the rook ineresses in herdness ond posdessss
& somparntively fresh unaltersd appearance in the primary
zone, below the zone of segondery chelcoelte. Thus 3t
“appesrs thet descending esid solutione, Gewived from the

Yhess durk colored veinlets of residusl limonits
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$%¢éﬁﬁi$ﬁ of pyri 6 mainly, may hwv@ B &ﬁ 1o ﬁﬁn%iﬁlﬁ
1o & large ¢xbent in @w@ﬁmﬁiﬁ “the sliorel appsaTance
of the “ﬂﬁﬂ“ﬁ?no Thisz bheepvation does ﬂ@t iﬁ@&? that
ﬂyﬁru@hwrmﬁl @ii retion {ssspelsted with ﬁ?i&ﬁﬁ? ‘

alization) is aﬁﬁif@iv ﬁw#ﬁﬁﬁe

L W&ﬁﬁiﬁé,m Jernetis *ﬁ; 1 feiried I

»mﬂ@%@mﬁ aﬂ& *%si; ~*’

¥,

Thiﬁ unit ia&imﬁﬁa aren s m% u§W$%1$@ﬁ ﬁaﬁ%ﬁﬁ%
metemorphlon, eommonly tormed "tasotite”. Thiz type
of mi}:amlimmm 15 confined $o a parpow belt in the
limsatonss and limey shalss slong iﬂﬁ s jor brealk
bronding northwest. The wogtligred surfsges of this
materisl ere characteristicelly hlmﬁ i, 8 eolor gﬁ&f&m@é
iy f&”iﬁﬁmi gxides of mehpensse end iven. A majow
portion of the ¢opper produced ih the pasght wag derived
f”ﬁ& 1@93a@¢m@ﬂ$ tyvpe bodies slong flssurss in ths
garpetized limestone of the bem@ﬁh and Union mines,
Copper minerslizetion of the disseminoted type is
,&MQQWmilg ?arg wonk op absent in thege ﬁw&kﬁ in bka
' L fGte

3

“i'ﬂ?'W&@? figalkly ﬁinar&lagﬁﬁ_ﬁﬁ*ka -

%

Tmi »wl&ﬁ%ialﬁ¢yLQn in@ Lades a1l ?ﬁwk& %Le* exhibid
ml a relztively frseh, uneliered ﬂﬁ?@a??ﬁ&&»

Dus ta the Taelt that %anﬁlbiﬁn Trom Enﬂ frash to strongly
sminor ﬁiiZmé type iz often gradubional, the boundary
belwaed the two ;@p?@&&ﬁtu an &r%i%r&ry division.

sao ey T

o
£
;

fﬁflﬁ%@ﬁi&% -

. ”aﬂnﬁﬁﬁ, tﬂu fl?mf to QquEL %ﬁg lmmﬂﬂiw@ voxidusl alfiey
ghalsosite, in the ouberops of the sddver Bell distriet were the
Indians hiqg st ome bims inhabited the weglon. dvidence of
their work is found in o large number of open cuts which, withoud
exvepbion, are lotated In outeToDs conteiniig prominent seame of
the meryoen or bleack liwmonite., Ulnce the vase and ??ﬁ&iﬁhﬁ mehal

content of these deposlis iz wery low, a plausible sxplonetion B miahkt be

that the Indisos uneed bhlg perbioculsr &1&ﬂﬂlaﬁ 55 @ ?&ﬁmﬁﬁt*wwaﬁ

paind, perheps, or potiery @alaring. The enclent charester of
ﬁﬂ@a&@&ﬁ ﬁﬁttﬂﬂrlnﬂ ofF the

%ﬂa gxgavations is evidsneed by L
ampu and by bthe vegetation growing in the culsj saguaros over
2) feet bish wsre noted in zome CABGE ?ﬁﬁiﬁﬁﬁiﬂm ﬁﬁ sge of at leasb

200 years. Eonyon Righerd was the iv 1% peradn Yo eall &“U@ntia& Lo

 the antzgu«ﬁy &f th%ﬁa %ﬂr?iﬂ‘ﬁo

guriﬁg ths Jﬁfl@ﬁ af ﬁﬁflv @ﬂtivi*v 1a LL@ l@% grade ©
popper fisid (arcund 1910), an sxtensive s6aTCh e s carpied on in
the ilver Bell aves for this type of cre. %he ﬂi“pa ition of the
0ld ehurn drill holes, shafte end trepches indiceta thal the oid
pimers rocognized, o stme extent at leazt, the eigniflieance of
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dark @wl‘ﬁﬂﬁ r&rﬁﬁ%&l iimaﬂit@p The tr@a&a@g WeTe mg@axﬁﬂtly
axoavated for Lthe purposs of @%E@Qiﬁu bedroek ia areas aoversd by

& thin mantls of slide rock or alluvium s thet a close appraiseal

of the paturs snd fregusney of the limenite could be msde, There
the evidencé was considered Tevorable, a 4rill hele, s sheft o

& drift wes driven $¢ the sulphide E@ﬂﬁu It is ﬁﬂﬁ&&ﬁ@ that in many
areas in which the old trenches expose comperabtively Littls residual
iiw%mia@ ety @ﬁh@y proppeeting wan Gone, An exemple of thie is
found in "she e rod {mmedistely essb of the Uxide ﬁ#pauit whers
BWmerus ﬁf%n@ﬁaa wtye dug, but no drilling wss done, sven though
gome of the eastern most holes in the Uxide cpateined ove.
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