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AMERICAN SMELTING AND REFINING COMPANY

Tucson - Arizona 218, @ Lkl

March 1, 1972 , ey 1l

FILE MEMORANDUM

Safford
Kennecott Deposit

Reference is made to Mr. Davis' Memorandum of Febr&ary 11, 1972 concerning
the recent deep drilling by Kennecott on the west side of their deposit.

In questioning John Wilson as to why KCC started deep drilling here, he
stated that it was based on surface geology, relogging the old core

(hone of which was deep), and ground geophysics. The area being drilled
is in andesite with quartz-sericite-pyrite alteration and a thin (2'-20')
chalcocite blanket. This area is also immediately west of the volcanic
vent as mapped by KCC. Thus, the factors that led to the deep drilling
probably were: \

1. vertical zoning interpretation,
2. testing at depth the west side of volcanic vent,
3. ‘'different' I.P. response at depth than near surface.

It is rumored that KCC has intersected 1,000 feet of primary ore grading
0.6% copper.

(1
W. L. Kurtz °
WLK:Tad

cc: JHCourtright <&
SRDavis

)
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During 1955 Bear Creek Mining Company -- the explorat ion sub- Jﬁé)‘" G
sidiary of Kennecott Copper Corporation -- commenced geological
reconnaissancs in t'he Gila Mountains, Sraham County, Arizona. As
a‘result of this work thé Lone Star Mining District was sslected
for intensive exploration because of the presance of a series of

Cretaceous (?) andesitic volcanic rocks (named the "Older Voleanic

\
TN 614«24_,({4

Serjes") that were found to be strongly sheared by northeast fault

A

—

zones. Plutonic rocks in the form of small stocks -- ranging from

: \a S quartz-monzonite through grancdiorite -- were also known to intrude
; o
\ \3 ;/ the Older Volcanics, Still later dikes and sills -- and one plug-
:: s } shaped mass -- of acid to intermediate composition, intersected all
ﬁQ ! ' the older rocks. While the areas in and around scme of these in-
. @ j {\y\tmsives were hydrothermally altered and mineralized, known copper
' ]\ b \j mineralization was usually confined to shear zones a few feet in
_(j widthe | fwim — 5 F 279 -

Q" ( S A later Tertiary volcanic sequence, the Intermediate Saries

% 1 (consisting of andesites, latite-flows, flow breccias and tuffs,
\\‘

O
Q .
2 o with some basalt) and another Younger Volcanic Saries (consisting
! o o .
o of basalt, agglomerate and tuff) were also known to overlie and
N '

Q largely cover the mineralized Older Volcanic Series. Neither of
u | Q{ these upper series of volcanic rocks' is mineralized, but the possi- —
‘. \g [ bility existed that they might overlie a hidden orebody,

g { In 1949 Consolidated Coppermines Corporation and the Anavrican

§ 5)) \\?Mctal Company entered the District and commenced drilling a sheared,

\‘ {? altered limonite-stained plug of rhyolite-latite, overlain on its

§§ northern side by basalt of the Younger Volcanic Series. Drilling




results showed that strongly sericitized and 2ilicified cuterops
were sssentially only minerelized with pyrite. Other holes collared
in the Younger or Intermediate Series to ths north of the crest of
the mountaing, showed the presence of disseminated oxide znd sulfide
copper mineralization at depth in the Older Volcanic Series. VYalues
were too low to be of interest at the time and the property was
abandoned, |

No details of what had been found in these drillholes were
available to Bear Creek at the time the area wme selected as one

worth further prospecting. It was felt, howsver, that there was

still enough area unexplored to contain a sizeable copper deposit.

A, Iacation

Kennecott's Safford copper deposit is located in the Lone Star
Mining District, nine milas northeast of the town of Safford, county
ssat of Grah#n County, Arizona. The orebody lles in the rugged Gila
Hountaina, mainly in Section 5, Township 6 South, Range 27 East,
Surface elevations over the ore vary from 4,500 feet to 5,500 feet
above sea level, though Webber Peak, the highest point in the immedi-
ate vicinity, reaches an alevation of 6,111 feet. Safford itself
adjoina‘the Gila River at an elevation of 2,320 feset.

B. History & Production

Recorded production from the Lone Star District from its initia-

tion in 1886, through 1907 (and also to date) is only 110,000 pounds

of copper. Several smal]l shafts were sunk on some of the shear zonesk

to a maximum depth of about 500 feet. MNo ore of any consequence,

L3
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however, was ever found from the limited amount of drifting done.
Later geological mapping by Bear Cresek demonstrated that wost of
the old mine workings were located on =mall copper veins in the
pyritized halo adjoining the orebody.

The next work doﬁe on the lpmp@zﬁty wag from 1989 to 1951 when
Consolidated Coppermines Corpdration and the American Hetal Company
gntered the district., Bear Creek's reconnaissance project was initi-
ated in 1955, geological mapping being dome on aerial photographs on
a scale of 1" = 1/2 mile. In 1956 several groups of claims owned by
local residents were optioned. By the end of 1938 over 76,000 feet
of diamond and rotary drilling had been completed and early im 1959
the options on two properties were exercised. Development work was
also commenced during this year and by the end of 1962 a development
shaft had been sunk to a depth of 804 feet and 1,300 feet of cross-
cutting and 1,500 feet of drifting had been complsted on the 3900-
foot lavel. AdditionaL surface and underground drilling (totalling

118,000 feet) was also done to further outline the orebody.

C. Ppgyims Work

Apart from a brief reference in 1928 by Tenney (16) to the
Lone Star District, no details of the geology of the araa were evar
published until 1962, During this year the authors of this paper
wrote a brief summary of the deposit for the Thirtaenth Annual

Guidebook of the New Mexico Geological Society (5).

GENERAL GEOLOGY (Figs. 1, 2, and 3)

A. Regional Setting

The deposit lies in the Gila Mountains -- one of the several



northwesterly trending ranges characteristic of the Basin-Range
province of scutheastern Arizona, This range lies on the eastern
side of the Hountain Region or Mexican Highland, that separates
the Colorado Plateau from the Sonoran Desert., Tertiary basalts
and andesites, overlying Cretaceous (?) andesitss and flow brecciasg,
making up the range, were subjected to Basin-Range faulting. A= a
result of this faulting (which may have caused displacement as much
as 2,000 feet) and‘subsequent erosion, the ﬁresent—day outline of
the range was formwed.

| The highest parts of the range consist of the Tertiary Younger
and Intermediate Series of volcanic rocks which dip to the north and
northeast from 10°-12°, On the 3§uthem flanks of the mountains,
.axcept whera covered by tserrace gravels and basin fill, the Cretaceous
(?) Older Volcanic Series crops out with its attendant intrusive plu-
tonic and volcanic rocks. Windows in the Tertiary volcanics may expose
the Older Volcanics in places, but on the Kennecott property these are
scarce and are limited to an area of a few square feet over the ore-
body.

Because of the northweéterly trending Basin and Range fault-

ing, the predominant and obvious structural trend in the aresa
pérallels thiz direction. In the Older Volcanics of the Lone Star
District, howaver, strong northeast faulting and shearing -- that
appear to have controlled mineralization -- is evident. Dikes follow
this trend and stoéks and plugs appear to have their longer axes slonga-

ted in this direction.



Apart from Phelps Dodge Corporation's large dissewinated per-

phyry copper deposit at Morenci -- located 19 airline miles to the

vﬂor‘thmst -- there are no active mines in the immediate area. Dur-
ing 1960 Phelps Dodge scquired a deeplv buried porphyry-type deposit -
located % 1/2 miles west-northwest from the Kenmnscott orebsdy. Ko
plans have, however, been announced for bringing this inte sroductien,

Lying between .the Phelps Dodge and the Kennecott depcsits is
the property from which most of the early coppsr production of the
distriect came -- the San Juan Mine. Most of the mineralization is
coafim‘:ﬁ;%to véins or fractures in quartz-monzonite porphyry, although
some disseminated sulfides are known to be present (Fige. 1, 3, ¥, 5,
6, 10 and 11).

B. Rock TZE-_ e8

The sequence of rocks exposed in the area ig shown in ths follow-

ing tabulation:



SEDIMENTARY AND VNLCANIC ROCKS

Format ion

Alluvium, terrac
gravels, basin £

Younger VYeleenic
Sarias

Internmed iate
Yolcanic Serias

Older Volcanic
Series

Quartzite

Rock Types Thickness
e  Sands, gravels, 0! - 2,500'+
{11 siltatonse, con-
glomerates.
- ~ UNCONFORNITY = -
Upper unit -- 0' - 1,000

bagalt flows and
tuffs,

Lower unit --.
basalt flows,
agglomerates and
tuffs.
UNCONFORMITY TO DISCONFORMITY - -

Uppar unit ==

0' - 2,000'
andegite, latite
flowas, flow breccia
and tuffs.
Lower unit -- ot . 600"

bagalt flows,
- - UNCONFORMITY & = - —

Lithic tuff, owo-
clastics, sandy
grite.

2,700%¢

Upper urit --
andeaite flow
breccia and mud
flow.

Loﬁnr unit --
porphyritic

andesite and

flow breccia.

- - UNCONFORMITY - -

Quartzite

—

Xenocliths (?)

Ay

Plioceona-
Racent

Later Terti-
ary (?)

Esrlier Tert'-
ary (?)

(é-—,"‘ ()'V\'\,N\-UVG—Q

Pee

Cretaceocus (?)

Cambeian (2)
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INTRUSTVE ROCKS
Format {on Age
Bagalt, rhyolite dikes Pogt -mineral
Rhyolite, quartz-latite, Pre-mineral -- older than
latite, dacite and quartz- Unconformity A (iatrusive
diorite dikes and nlugs into Older Volcanic Series

and Lone Star Pluton)

San Juan Stock - quartz- Eocene and older than
monzonite porphyry, grano- . Unconformity A. (58 wm.vy..
diorite by K-A determination)
Lona Star Plutm - quartz- Eocene and older than

diorite, quartz-monzonite Unconformity A, (58 m.v.
. by K-A determination)

(1) Sedimentary
The oldest rocks exposad consist of gmall wenoliths of quartzite
ROV

up to 250 feet In length and width -~ in the Lone Star gquartz-diorite

gtock, The rock resembleg the Cambrian Coronado quartzite at 'orenc?.
The only other sed{mentary rocks -- terrace gravels and basin fill --

congtitute the youngest formation present. These sediments are fnter-
bedded with the so-called Gila Conglomerate a few milea east of the

proparty (8),

(2) Imcoua:
(a) Extrusive Rocks - The Older Volcanic Series, in which the

orabody occurs, is overlain by two later volcanic units -- the Younger
and the Intermedliate Voleanic Series, On the bhasis of votassium-argon
age determinations (58 m.y, or FEocene) made on two stocks (17) -- the

San Juan and Lone Star -~ intruding only the Nlder Volcanic Series,

-

both of these later units are bulieved to be nf Middle or late Tertiarvy

Age .,
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The Older Volcanic Series consists of dark grey massive por-

phyritic andesite and fine-textured flow breccia with intercalated

tuff beds. South of the Lone Star Fault and north of the San Juan

Shear Zone thay are overlain by several hundred fest of flow breccls.

Near the orebody they are also overlain by a thin series of grits,

sandstones and conglomerates 10-60 fest thick, whieh appesar to bs

associated in origin with a series of rhyolitic and tuffacecus rocks .

occurring in a vent-like structure described balow.

The Older Veolcanics are overlain unconformably by thefnter-
wediate Volcanic Seriss consisting of andesites, latite flows, flow.
breccias and tuffs., They range in thickness from 0-820' over the
crebody.

The Younger Volcanic Series, consisting of basalt flows, tuffs
and agglomsrates, overlies the Intcmdiat@ Volcanic Series dis-
conformably. This unit may reach a thicknees of 750 feet over
the orebedy.

(b) Intrusive Rocks - All the kmown intrusive rocks, on and
adjoining the property, penetratq only the Older Velcanic Series,
While a few basalt and rhyolite dikes, a few feet in width, are
poat -mineral, the bulk of thhm are pre-mineral in age.

Rhyolite, @artz—latite, latite, dacite and quartz-dicrite -

Rocks varying in composition fr;m acid to intermediate, occur in
a dike swara within the Lone Star Shear Zone. Some of the dikes
probably emanate from a rhyolitic plug which, together with pyro-

clastics, crystalline tuff and tuff breccia, fill a steep sided,
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deep seated vent at least 2,00@ n 1,900 feet in area. Baocsuse
of its cylimdrical shspe, steep sides and associated omplesive-type
debris, this feature i3 considered to be & near surface portion of
a voleanic vent,

While.varying in width from a few inches to 200 feet, individual
dikes may be traced for distances of 2,000 to 4,000 feset. Some are
found as much as 10,000 feet southwest of this possible soures., To
the rortheast, both the plug and dikes continue under the Younger
and Intermediate VYolcanics. On the 3%00-foot level, for instance,

the orebody lies in porphyritic andesite traversed by 1% to 20 of

these dikes. About 25 percent of the area on thiz level {s thus
made up of intrusives.

Quartz-monzonite porphyry stock - A quartz-monscnite porphyry

steck, Eocene in age, intrudea the porphyritic andesites at the
San Juan Mine. Oval in outcrop, the dimensions are 1,500 by 1,000
feet, the longer axie bsing in 2 northeasterlv directiom,

Quartz-diorite, granodiorite - The Lone Star Pluton, also Eccens

in age, is an elongated composite stock-like mass composed mainly of
quartz-diorite, quartz-monzonite and grencdiorite at least 8,000 by
4,000 feet in size.

Breccia pipes and pebble dikes - While none of these ignecus

structures are found near the orsbody, three intrusive pipes, up
to 50 feat in diameter, occur in the Lons Star Stock near the At
Ease le;lt. Severel pebble dikes -< a foot or less in width --

also extend away from cne of these pipes. On the northuest side
of the San Juan Stock anathor breccia pipe, 400 feet in diamster,

is surrounded by a narrow dacite porphvry ring dike.
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€. S$trueture (Fig, u)
{1) Regiomel
The regional structursl plcture, slready partly dessribed, is

rapragented by the northwest trending Gila Houmtains end ths seseei-

gted southwesterly dipplng Butte Fault., Bzeed on the 4iffearenze s
slevetion of the unconformsble surface betwesn the Older amd Youmger
Volcanies on both sidea of the fault, the throw ﬁigm be as msch as
2,000 fest. Az a result of this major structural disturbence, the
Gila Range was tilted 10-12 degrees to the northeast,

(2) _;!af_ll_

Both the Kemnecott depoeit aad the San Jusn Mine are lssalized

in extensive sheared zcmes several thousand feet wide, mamed we-
spectively the Lome Star and San Juan Shear Zones, The lLems SRar
Shear Zone lisa between the Lone Star znd the At Ease Msults ¢a the
rortheast flank of the Lone Star Pluton and is spproximstely §,000
fest wide. The strike length is at deast 18,000 feet -- 5,000 feet
of which is covered bf the Tertiary Volcanics. Its strike veries
from NS0°-65°E while the dip ie cssentially vertical or steep to.
the north. The soné, which contains the orebody, appsars to con-
gtitute an upthrown block and is chs.rmgrizw by 2 large nuzber

of shears, faults, fracturss and shested zcnes, gensrally striking

in the ssme direction., While the exact amount of displacement along
the Lone Star and San Juan Shear Zone is unlkmown, it could be as
much a3 800 feat -- based on outcrops of the uppar wed flow-flow
breccia unit of the Older Seriss exposed on both the footwmll of

the lene Star Fault and the north side of the Sen Jusn Shear, but
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missing in the intervening area,
Parellel to the Lene Star Fault and 3,000 feet to the south,
is the Trojan Fault. This break ie a noreal fauit thet éisploses

the Tertiary Youngsr Volcanic Series with the southeast side drepped

170 feet with respect to the northwast .

Around the San Juan Nine, the San Juan Shear Zone hes & width
of 3,000 fest and & strike length of 9,000-10,000 feet. Ssparated
from the Lone Star Shear Zone by 3,000 to %,000 feet of relatively

iesé sheared ground, the San Juan Shear Zone strikes and dips in

similar fashion, Shearing is strongest in the vicinity of ths quarte-

monzonite porphyry stock which intrudes the zone. Shear scnes of

lesser intensity, striking northweet, east-west and north-northeast
interssct the Samn Juan Shear at the stock and may have helped localize
its intrusiona.

OREBODY GEOLOSY (Figs. 6, 7, 8 and 9)

A, Hature ¢f Orebody

(1) Gemeral - The Safford orebody cccurs in the Older Volcanie
Series where northeast shears and faulte in the perphyritic ande-
gite wore intruded by the scid-interwediate series of dikes, pluge

and the volcamic veat, Because the shear sone was also superimpoesd

on the volcanic vent and associated bedded vent debris -- near sur-
face phenomena -- shallow depth of burial and relatively low pressure
and temperature conditions of ore formation are postulated.

This disturb@ gone was then strongly hydrothermally altered
and mineralized with iron and copper sulfides over an ares of 12,000

by 6,000 feet. While most of this area was pyritized, the ma nimum

S
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plan limits of the ore cover an area one fourth this size, The
greater thiclmess of the ore shown on Figure 8, Ssction G-G', is 1,800
feat,
After mineralization the orebody was exposed to oxidatim, leach-~

ing and enrichment. Becaume the r@suiting leached capping is thick

(ranging from 0-950 feet and averaging 440 feet) the chalcopyrite-

2

[

pyrite ratio was probably favoreble for the removal of copper. In
the primary ore zone this ratio is approximately 2:1 by volume --
2% chalcopyrite and 1% pyrite. In the capping, howsver, more pyrite
Bay have bsen present -- because of some vertical primary zoning --
resulting in mors favorable conditions for leaching.

The copper removed from the leached capping formed a chaleo-
cite blanket on the primary zons, where the chalcopyrite-pyrite ratio
was higher. Because of the relatively low pyrite content of this sone,
little of either the secondary or the primary copper was removed during
later periods of uplift associated with movement along the Butts Fault.

Cnly remnants of the enriched secondéry zone now exist, howaver, be-

cause of additional deep oxidation resulting from these uplifts,
As a result, three types of ore are present -- oxide, mixed oxide-
sulfide and sulfide.

Chrysocolla, the silicate and brochantite, the basic sulfate,
werea the main minerals developed during this time. In the mixed zone
these overlap with and replace chalcocite and covellite, while in the
primary zone chalcopyrite, pyrite and molybdenite are present. Oxi-
d;at ion and enrichment is known to have commenced before the later

Tertiary volcanic rocks covered the mineral deposit, because frag-
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ments of oxidized ore are found in some of the overlving pre-voleemic

buasal conglomerates. Although no water table has bsen found to be

present in the area of the deposit, one must have existed during the
time of the formation of the chalcocite blankest,

(2) Leached Capping - Apart from a few square feet of leached

capping exposed in 2 window in the Younger Volcanics, the crebody
does not crop cut. Most of the adicining pyritized area is, howsver,
exposed on the southern slopes of the Gila Mountains., Although
largely leached and oxidizad, sulfides are known to occur at surface
in a few instances. Leaching aﬂa oxidation of the buried ore sone
has, however, taken place to great depths,’ The sub-outcrop -- con-
sisting predominantly of brown-red-marocn (and:occasionally black)
"limonite” stained andesites or intrusives, with minor green (mﬁinlv
chrysoeolla) staining -- averages 0.17% totél copper over the flrst
10 fest., Overall average grade of the leached zone is slightly

less and averages 0.13% total copper. The ferric iron minerals
present are gosthite or hematite, with rarer jarosite, distributed
abundantly in veinlets, fractures, or leached cavities throughout
the cap rock.

B, Hineralization (3, %, 10 and 11)

(1) Primary Minerals - Primary minerals consist mainly of pyrite

and chalcopyrite with lesser amounts of bornite and molybdenite and
rare tetrahedrite, galena and sphalerite.

gzgigghis the most abundant sulfide present. Content of the
primary ore varies from 0,2-1.0% by volume while in the adjcining

oyritic halo zone it ranges from 4-8%, Occurring in veins and



iy
digseminations, pyrite is more resistmt to replacement by chalco-

cite and covellite and to oxidation to "limonite,” than chaleopyrite.

Chalcopyrite also occurs in veins and disseminations and is the

most abundant primary copper mineral. In the primary ore the chalco-

e

pyrite content approaches 2%, In the peotore, only 0.7% is present

while the pyritic halo averages 0,.4% chalcopyrite.

Bornite occurs in veins and disseminations but is much less
common than chalcopyrite. Molvbdenite océurs in quartz veinlets and
is more abundant in the deeper SQlfide zones,

Hagﬂatite is also fairly common in quartz veins carrving sul-

fides, Tetrahedrits, gg;ena and sphalerite have been identified

within the pyritic halo in veins, Gold has not been identified in
the orebody but is known to occur in small fracturas in a S-foot
shear zone in propylitic andesite, 2,000 feet to the socutheast,

No silver-bearing minerals wére ever found to be present,

(2) Secondary Minerals - Secondary minerals include the sulfides

chalcocite and covellite. Chalcocite may completely replace chalco-

pyrite, bopnite or covellite -- the latter derived from these two
primary éulfides; pyrite is usually only coated. Both the "steely" ~
and "sooty" varieties are present. Covellite replaces chalcopyrite
and bornite and is itself replaced by chalcocite.

(3) Oxide Minerals

Chrysocolla is the most abundant copper mineral present in the

deposit and makes up 50-85% of all the oxide mineralization. It
occurs as veins, blebs or coatings on fractures, or as intergrowths

with kaolinite or kaolinite-nalloysite,



" ’ 13
Halachite 1z much less abundant than chrysceolla Rt usmlly
ocecurs in close asscciation uith chrysecolla,
Brochantite le lees abundant than chryeccsollas and conetitutes
5-23% of the oxidized minerals. It appesrs gemerally to be later
than the chrysogolla and perhaps raplaces it.

Cuprite, tenorite and chrysocolla usually replace chalcocite,

Mative copper occurs erratically along thin veinlete or frac-

tures and is usually assoclated with cuprite or chalcotpichite,

Minor amounts of pseudomalachite (2 coppsr phosphete), chalcan-

thite, antlerite and turquoise are aleo known to occur,

Gosethite ard hematite occur in the rock replacing original

mlfides and primary iron-bzaring ﬁimrals. An ofgnge-red trens-
ported limonite is also found filling fractures and superficially
coating the rocks yellow to berown,

Jareeite occurs in fractures amd veins replacing prisary

ninerals, fault gouge and clay and is closely aseocisted with tupe

quoise and alunite,

Alunite occurs as a white to .reen minerel in frectures azné

shears,
C. Alteration

(1) Hydrothermal Alteration (Fip, § and 3, &, 7, 16, 13, 12,
13 and 1%)

(a}) E’i@en ¢ Distribution - As alreedy described, &n sres 12,600

by 5,000 feet was subiact tr extensive hvdrothermsl 8lteration, MNalf
of this aree is exposad, while the halance {3 covered by the leter

Tertiarv volcanics and was ou®lined by drilline .ind urderground de-
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velopment. The orebody occurs mostly in the buried portica of
the altered area.

A central area of intense alteration is composed of a stromgly
devalopad quartz-sericite zone on the southwest which adjoins and is
partially suparimposad upon a large area of pvervasivs secondary bio-
titization on the northeast. The orebody lies within these two zonas,

around which ara arranged the chloritic and oropylitic zones in a

roughly concentric battern. Part of the quartz-sericite and the
chloritized zones lie within essentially pyritized areas. The propy-
litic zone is, however, unmineralized except where traversed by shear
zones, veins or dikes that may be accompanied by sulfides (pyrite and/or
chalcopyrite). Alteration boundaries are rether arbitrary, In that
rineralogical changes are trensitional énd overlapping, particularly

in the porphyritic andesite host rock, The influence of rock type

and structure is also important becauss the quartz-sericite zone
corresponds mainly with the post -andesite intrusive complex and also -
with the pyroclastic lithic tuff and volcanic vent debris. Seriecitic
alteration not only occurs in all the dikes but also along their con-
tact zones with the porphyritic andesite -- in both the chloritic and
propylitic zones -- as much as 10,000 feet southwest of the orebody.

Sericitization is clearly later than biotitization in gross field

pattermn -- wherein the biotitized rock contains shesaves of serici-

tized rock along veins, shears and contacts, Microscopically it is

clear that biotite is also altered tb sericite along these zones,
In most of the intrusives K feldspar, probably primary, makes

up 15-20% of the groundmass. In some cases, however, there is a
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concantration of K feldspar along veins, indlcsting either additiem

to the rock or possible eegregetion of primary K feldspar during
alteration. In the andesites secondary K feldspar, with associated
quartz and sericite, is abundant along veins.

- Prior to the development of sericite, the plagioclase in the )
andssites -- andesine -- had largely been asltered to oligoclass or
albite. In the intrusives, albitization had also taken place at
an early stage.

Quartz-sericite zone - Rocks which have undergone this type of

alteretion {occurring mainly over an area 7,000 x 5,000 fest) are
cheracteristically bleached to a white or light grey color. This’
alteration stage appears to have been later than the cther stages,
The rocks of acidic to intermediate composition composing the dikes,
plugs and volecanic vent debris were the most severely affected,

Both plagioclase phenocrysts and plagloclase in the groundmass were
thoroughly converted to sericite and quartz -- largely along veinlets.

Mafic minerals were similarly affected., The bilotitized andesgite,

where adjacent to faults, velins, intrusive contactszs and shears, was
also altered by conversion of mafics and plagioclase to sericite,

quartz and minor sphene. Thqse zZonaes are relatively narrow and

exhibit gradational boundaries from pervasive sericitic content into
the blotitized andesits, The superimposition of the quartz-sericite
gone on the biotitized zone i3 thus clearly demonstrated. A similap-
relationship of this type of alteration to the chloritic and propy-
litic zones is also spparent, At the San Juan Mine the quartz-monzonite

porphyry stock is similarly altered,
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It is of imterest to note thst the potassium-argon £ge datisng

of the sericite iz 53 m.,y. (17) -- or mlightly younger them the San

Juan and Leme Star Stoecks.

Biotite zone - The rocks mainlv affected by this tvpe of altera-

tion are the porphyritic andesites. Hornblende and augite were re-

placed by brown biotite in flakes, clots and more rarely, {n veinlets

carrying sulfide;s. The strongest biotitizatien (10-50% and averaging
about 20%) is developed around the intrusive plugs and dikes in and
adjoining the orebedy. The acidic to intermediate intrusive rocks

have secondary biotite developed in only minor amounts (a2 few percent .) :
along quartz veinlets. Other cccurrences in these intrusives, if ever
present, were probably destroyed by the later sericitic alteratiom

phase. At the San Juan Mine a zone of biotitized porphyritic andesite -
2,000 feet wide -- alse surroundg the intrusive stock,

Chlorite zcne - Chlorite is the most widely distributed zltera-

tion mineral and occurs in all stages of alteration. However, as
shown on the map, a predominantly chloritic zone (1,000-2,000 feek
wide) surrounds and overlaps the biotitized and sericitized zones on

the scuthwast of the orebody. A similar zone occurs around the

biotitized zome on the San Juan. The boundaries of the chloritic
ione are arbitrérny dreawn when mafics are more predaminantly re-
pleced by chlerite than by secondary biotite,

Propylitic zone - This is the most widespread zone and repre-

sents the area of lowest alteration Intensity. Epidote, and to a
legser extent chlorite, are ths common secondary minerals, The

relationahip of this zone to mineralization and other alteration
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processes s not clear but it appears to have been very sarly and
posaibly deuteric in origin,

(b) Chemical Aspects - It is apparemt that the rocka under-

went comsiderable chemical changes during hydrothermal alteretica

and mineralization. Almost all of the sulfur present was imtro-
duced at this time. Chemical analyses of fresh amd altered porphyri-
tic andesite and dike rocks show that the potash content was almost
doubled while small quantities of silica were added. Losses includs
caleium, smmll amounts of sodium, magnesium and aluminum, While ’
there appears to have been a small loss of iron, a gain in ferrous
iron slmost balances a loss in ferric iron. Similar changes are
described by Creasey in a paper in which nine porphyriss are dis-
cusssd (7),

(2) Supergene Alteration

As already mentioned, alteration of the cutcrop and sub-Tertiary
volcanic outerop has produced a typically cmspicdous colored cap
rock over the orebody as well as over the minsmli.nad veinz and shear
sones. The color of the rock is related in intemsity directly to the
amount of forwmer sulfide content and to the degree of oxidation and
weathering to which it has been subjected.

The dikes and plugs wh;'.ch have undergone sericitic hydrothermal
alteration, are inherently blgachad. Weathering of the sulfides hag
also produced oxidized compounds which have stained these light-
colorad rocks various hues of yellow-brown-red -meroon and black,

The biotitised and chloritized porphyritic andesites tend to be

relatively darker in color, although oxidation of the iron compounds
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together with leaching, has actually produced & lighter colored rock
in the zone of waathering.. This gredes into dark grey, black or
green rock in the primary zone bslow. While some of the micacscus
minerals in the weathered biotite zone may actually be sericite, it
iz thought that most of this material is biotite from which the iron
has been leached by weathering.

The minerals which create the conspicucus color in the leached
rock over the orebody are predominantly the ferric iren compounds
goethite and hematite., Jarosite and alunite are more abundant owver
the pyritiec halo,

Kaolin, slunite and montmorillonite are developed to the
grestest extent along larger shears, faults and selvages on con-
tacts where movemsnt has occurred. Apparently the sheared, frac-
tured and crushed rock was extensively converted to ksolin slomg
the chsnnels followed by acid-charged groundwater. Beyond these
channels kaolin is developed to only a minor degree. ov, spidetiv %
Supergene alteration over the buried orebody has taken place eoch oy

to an average depth of about %40 feet, 2lthough numerous oxidised

channels have been encountered at depths of 2,000 fest bslow the_
surface. Thesse do not exhibit bleached or leached halces similar
to those Qccmmnying the hydrothermal channels. In the exposed
pyritized arca supergens effects are much shallower -- averaging
cnly about 280 feet in depth.

D. Mineral Processes § Paragenesis (u)

The andesite and the intrusive complex were altered in three
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stages: (1) an early additive stage of intemes hydrothermal altera-
tien (2) a laster lowsr temperature stage of hydrothermal alteration
(3) a stage of axidation and leaching. The first two stages werse
contimucus and have bean divided arbitrerily at that poimt when bio-
tite was altersd grossly te chlorite and sericite. These stages of
alteration wsre écmmﬂi&d by minerelizing solutiong which deposited
Malnc‘mlfides in a sequmce. which varied with the changes in com-
position of the hydrotherwsl solutions. In contrast with some deposits,
the ore exhibits abundant evidemce of the close assoccistion of sulfide
aimmlisét fon with hydrothermal alteration. The relative stages of
these alterations, showing the mineral stability rsmges In time,

i@ showm below:
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EARLY STAGE LATE STAGE OXIDATION
Cont imaous >
— biotite A
— oligoclase —— —clavs (keolinite)
~—— alkall feldspars — — —
- —— 7 —— calecite 7 __
quarts — —
- chlerite —_——
—_ muscovite, sericite —_—
——————— pyrite — brochant ite —
chalcopyrite - —chrysocolla —
—~——— bornite — —ferric oxides—
? molybdenite — —jarosite
? — -—-tetrahedrite, galena, — pgeudonalachite-
§ sphalerite ? — — native cepper —
—_— 7 zold ?— — cuprite
magnetite —chalcotrichite —

~ ?*—chaleocite-? —
- 7-covellite - ? —

The primery minerals, pyrite, magnetite (?), chalcopyrite and
bornite were deposited in that order, but some overlao in deposition
is indicated by polished ssction study. Pyrite was both tha sarliest
and latest primery sulfide to be emnlaced. The relation of meld,
sphalerite, galena and tetrahedrite to the magnet{ts and eerlier
formed sulfidea has not been directly observed but probably, @s elsa-
where, they werse deposited later. The whole renge of sulfide devosi-
tion was accosmanipd by quartz and calcite gengue -- with the latter
gtarting a littls later than the quartz and terminating at zn sarlier

time,

The earlieet mode of sulfide emplacemsnt wes as diseeminations
gnd in thin, irregular quartz vainlets., It appears that the highest
par;enéag@ of disseminated chalcopyrite, bornite -- and poesibdly

pyrite -- was deposited at this tima, particularly in the blotitised

andesite., A close spatial association with cloté and blebas of
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secondary biotite and the disseminated sulfide 1o evident. This
feature has also been reported at the Bagdad copper denosit by C. A,
anderson and others (1 and 2).

In a later period closslvy asmociated with quartz-sericite altera-
tion, sulfide emplacement was primarily {n larger veinlets and frac-
ture fillings with quartz and carbonate gangue. At this time pyrite
was deposited in greater amounts than the copper gulfides. In this
later stage wolybdenite -- with or without magnetite -- also occurs
in quarts-carbonate veinlets and replaces chalcopyrits,

The relationship of the hydrothermal alteration tomes and primary
mineral zoning can be noted bv-ccmbaring Figures 5 and 6. The centrel
copper sone containing the +0.4% copper orebedy occurs astride the
contact batween the sones of pervasive ssricitization and biotit!-
zation, Host of it liem im the porphyritic andesites that have

besn extensively intruded bv sericitized dikes and vlugs of acid Lo
B B’io

t.o intermediate composition. In this central zone chalcopyrite N @f\ )
‘v

and pyrite are concentrated in the ratie of ;bput 2;1 and the total
sulfide content ranges from Wrcent by voluma. At depth ==
in the protore -- the chalcopyrite/pyrite ratio drops to 1l:l -- the
total sulfide content avereging about 1,5% and the grade of copper
dropping off to 0,2% and lese. The bulk of the molybdenite also
occurs within the cemtral copper zone.

outward from this central sone, the pyritic haloes (with vervy
low copper values) embrace the major part of the sericitic and

-]

chloritic zonee. Within these zonss the total sulfids content by
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volume renges batween % and @ percemt and the pyrite/chalecopyrite
retio varies bstwssn 10 and 21:1. Within the sericitie, chloritic
and surrcunding propylitic zones small smounts of gold, galena ard

totrahedrite (or their oxidized equivalents) are found to oceur.

The secondary sulfides chalcocite and covellite were probably

gmplaced before tha first uplift of the Gila Range along the Butte
Fault. In thin and polished section chalcocite is seen to replace
covellite, Chalcocite ﬁlm preferentially replaces chalcopyrite
znd bornite and to a lesser extemt, pyrite. In the pyritic hale
on the west slope -- mors recently exposed by uplift, tilting and
erosion -- oxidation has bsen remewsd and thin, incipient chalcocite
coatinge are forming on pyrite bsnesth the shallow lesched zone.

The paragenetic relationshipe of the oxide minerals are com-
plex end st the preseamt not clearly understood. The reason for
this is becauss the former chalcocite blanket -- as well as the
primary sulfide zone -- sms affected by one or more subsequent
uplifts. Oxidation of both these zones may then have taken place
simultanecusly. Ckysqcona' and cuprite are commonly noted to
replace chalcocite, but the primary sulfide minerals are not ob-
served to be directly replaced by the oxide zone minerals. Bro-
chantite, chrysoccolla, iron oxides, jarosite, pssudomalachita,
chaleotrichite and native copper may We formed emm;ially can -
temporanscusly.

E. Ore Controls

- (1) Primary (Figs. 3 and %)

The northeast shearing of the Cretaceous (?) Older Volcanics --
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@t imtemse in the Leme Star arnd Sem Juen Shear Zomas -- provided
deep clmwmels fer the emplacement of tha lome Ster and Som Juan
Stocks. Fellowing this the volcanic veat -- with accempanying dike
gware -- imtreded the Older Volcanlcs mainly {n the Lone Star Shear
Zeme, Renowed stresses reactiveted these shesr zones and the same
fracture system wes superimposed upon the volcanic vent deberis and
dike ewarm.
In contrast to the mjority of the porphyry copper depoasite,

the principle intrusive masss at Safford -- the Lone Ster Pluten =-

is not closely related te the hydrothermal or mineralizing processes,

Apparertly this intrusion resisted stresses egsociasted with alterstion
and mineralizstion and remeined lmpervious to the accospeaying fluids
at the critical pericd, while the shear sones on both flanks were
being remndered highly permeable.

Hydrotherual fluids followsd th; ghear sones and contacts of
ths San Juam Stock amd the later intrusions im the Lone Star Shear
Zone, eltered the host rocks snd devosited iron, copper &nd molyb-
denum sulfides in variable quantities. At the Sen Juan Mine, the
moet faverable area wes the shattered comtact zene of the atoek and
the edjeining andesite. On the Kenneca®t property the most faverable
geme was whare the voleanic plug, vent and asscciated dike swarm zone
penetrated the strengly sheared andesites,

(2) Secomdary

As alresdy wentioned, several stagss of uplift probably took

place along the Butte Fault , with consequential pericdic lowering
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of the wmter table and resulting oxidation of ths original chaleo-
eite blanket im place. Where the relict pyrite content wee low,
secondary sulfides were onidized to chryasocolla, brochantite, ste.
in place. W¥here mufficient pyrite and primary sulfides remsined
in the blanket, an additional sacendary zcne probably formed &t &
lower slevation. The scattered chalcocite zones, Interfingering
with onide and primary zones, are thua probably due to svoredic
uplifte and tilting of the Gila Mountaims., 1t iz interesting to
note that o water table has ever been encountered in any of the <—

drilling,

F. Geologic History

The Pre-Cambrien rocks of Arizona have dweioped 2 reglonal
northeasterly grain., After the Cratececus (?) andesites and agglemer-
ates woere extruded in the Safford area, the northeast shearing and
faulting that took place in Early Tertiary times -- along the Lone
Star and San Juan Shear Zones -- was probably a cemtinuation of
movement along this old direction of um;kn@as. In the Eoccens period
both the Lone Star and the San Juan Stocks were imtruded {n the strong-
ly sheared volcanic rocks in both these zones. Ae the northeast shear-
ing continued, plugoe and dikes were intruded along the same direction
and thg feemation of a volcanic vent took place., Rseccurring adjust-
ment alsc resulted in the nhe?ring ef the {ntrusive bodles and vol-
canic vent. Later, soma of the dikes and pluge end adjolining por-
phyritic endesites were altered and mineralized by ore-forming solu-
tions. The Lone Star Stock itself was not, howsver, appreciably

shearsd, fractured, altered or mineralized by these crustal adjust-
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mants.

Oxidation, leaching and enrichment then took place -- to be
followed agein by one or more periods of unlift and oxidation of
the enriched zonaes. The major part of the unlift is considered to
have tazken place along the northwesterly trending Basin-Range tyve
Butte Fault. During one of these perioda of adiustment the Inter-
mediate Volcanic Series were extruded. The progressive overlap and
pinching out of this unit against the present east flank of the
mountains suggests that at this time the top of the Gila Range lay
wast of the present crest.

A slight disconformity batween the Intermediate Volcanic Series
and the overlying Younger Series, suggests a slight peried of erosion
between the extrusion of these twe units. The large arez of the
‘Youngar Series along the west flank of the range also indicates that
the old crest of the range was covered during the last pericd of ex-
trusion.

Following these two periods of volcanic activity the major
movement along the Butte Fault took place, resulting in a posaible

downthrow of 2,000' on the scuthweast, or hangingwall side.

Further srocsion then took place and the highest existing pedi-
sent of the wvalley Q&s formed. ¥inor northeast faulting -- that
displaces the Younger Volcanic Series -- continued, and wae followed
by more periods of uplift and ercaion that forwed the preaent day

topography.
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COMPARIBCH YWITH SIMILAR DEPOSITS

Exploration amd dmlmf of ths Safford copper depseit hae
shown the existence of a very large low te wmadiuwm grade porphyry-
type copper deposit cocurrinmg in porphyritic andesites imtruded by
scid to intermediste volcamic dikes and plugs. It is of particular
interesat geologic;lly because, although volcanic rocks adiacent to
some porphyry d@pt;sits have besh mineralized (e.g. at Cananea, &
Sonora, HMexico and Ajo, Arizona), it iz the only nown porphyry-type
copper deposit in North America that occurs eatirely im volecanic rocks,
In South Amarica, however, the orebodies at Braden and El Salvador in
Chile are assoclated with andesitic volcanice and both these proper—
ties have marked similarities with Safford.

At Breden the principal host rock of tha orebody consists of

an Barly Tertiary extrusive andesite or andesite flow-breccia, in

- places imtruded by quartz-diorite (9). Both these rock types ad-

join the Braden breccia pipe which forwe the most spectacular
structural feature of ths area. m andesite ie flooded with secon-
dary bilotite while the guarts-diorite is largely altared to a fine-
grained aggregate of sericite and secondary quartz. At El Sslvador
copper mineralisastion is more concentrated {n the peripheral areas
of scid intrusive porphyries and in Cretacecus (;?) andesites mar-
gingl to the contacts (15), As at Safford amd Breden, alteration

of the original mafics to biotite is widespread in the andesites
in the vicinity of the orebody. Sericite is alams formed In the
intrusives adjacent to younger sulfide-quartz veinlets which grade

out through narrow bands of argillic alteration into fresh rock.
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(uarts -pericite is & comm

the minsrelised {ntrusives thzt ococur in porphyry copper deposits,
oo ite occurremos at Safford is not in sny way unuswal. Secondary

biotite is sleo known to occur at Bingham (13) and Bagdad (1 and 2),

”m't never in ths voluse developed when ome of the host rocks ia an

andesite -- as at Safford, Bradem or El Salvador.

In sddition to the work dm»ei on the property during ths explora-
tion and development st.agas by the two authors, mseh of the data con-
tained in this paper ars basad on geclogical wmapping doms by Bear
Creek geclogists: A, T. Stone, Keith Wartin, W. Hstwholz, D, Halt-
salm, ¥, Kurtz, l. Bryner, D. lobiando, C. Hall, R. #eColly, J. Prowm,
D. Wuckins and A, W. Rose and for engineering dsta sesembled by Sam
Smyth, Detalled petrological amd alteration studies wers originmally
sade by A, Banerjee and later, bz.A. W. Rose., GCeochemicel work on
the property was done minly(by H. Jacobson,

In the exploratory stage Dr. Colin Hutton of Stamford Univer-
gity, Dr. R. L. BuBois, University of Arizona, and Dr. R, Lyon and
Dr. James Stephens, both of the Kenmnecott Research Camter, assisted
grestly in sineral end rook identification. HMore recently i')m Robert
Compton, Stanford University, has rendered very valuable assistance
with similar problems, including alteration studies.

Thanks for map preparation ars due to Hessrs., W. Reedy, A,
Cuellar of the Safford Project and to Travis Wayhall and John Kelly
of the Southwast Digtriet, Bear Creek Mining Company.

Thanks are aleso due to the Management of Kennecott Copper Cor-

poration for permissidh to publish this paper.
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