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SPRING MEETING
OPEN PIT DIVISION, ARIZONA SECTION AsIolM.Eo
Des Ro PurTlS, Chailrmen
Silver Bell, Arigzona
April 23, 1956

PROGRAM

Morning and Afternoon
G300 AsMe Registration

10: 00 AoMe Teechnleal Sesaion

BSilver Bsll Pit Development®
By dJe dJo Sanaze, AeSoe&R.Coo

ViAsphalt Mixed Surface Mat for Heavy Duty Haulage Roadn
Bys Luther M. Krupp, Isbell Const. Co.

"Twin Power Earth Moving Egquipment®
By: Alan S. McClimen, Fuclid Division, G.M.C.

“Haulage Economics®
Byt We Go Gerow, Currins Engine Co.

Film, %10 Days per Yeart
Courtesy Eucllid Division, GeMsCe

Filn, "Cummins Race Car®
Courtesy Cuwwnins Eagine Co.

12330 PoMe Stag Luncheon

2:00 Polle Tour of Pits

6200 Polle to 7200 Polls  Cockbtails at EL Conquistader Hotel
in Tueson,

7:C0 PoM, Dimmer at El Conquistador Hotel !

El Conquistador Hotel is located in the 3400
block of Fast Broadway, Tucson, Arizona
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STRUCTURE AND MINERALIZATION, SILVER BELL, ARIZONA [ [WE SRR/ NG [TLLTING

By
Kenyon Richard and J. H. Courtright, Geologists

AMERICAN SMELTING AND REFINING COMPANY

A paper to be presented at the annual meeting of
THE AMERICAN INSTITUTE OF MINING AND METALLURGICAL ENGINEERS
New York, February 17, 1954

ABSTRACT

Replacement-type ore bodies in tactite have accounted for the
Silver Bell District's production of copper in the past. In the near
future, substantial production will come from porphyry-type copper
ores occurring in two deposits spaced two miles apart within a north-
westerly trending zone of hydrothermal alteration several miles in
length. This zone lies along a major regional fault which is believed
to have formed initially in Paleozoic and Cretaceous sedimentary rocks,
and subsequently to have been the locus of repeated Laramide igneous
activity. Alaskite followed by dacite porphyry were intruded first.
Then, after an erosional interval marked by basal conglomerate, a
thick series of dacite flows and pyroclastics was deposited. Intru-
sions of small stocks of monzonite and related dikes were preceded
and partly controlled by: (a) regenerative movement along the major
structure and (b) development of cross-bresking fractures. Renewed
development of cross-breaking joint systems along the main zone provided
the principal control of ensuing hypogene mineralization. Post-mineral
andesite dikes were emplaced parallel to the major structures. Lastly,
enrichment by supergene chalcocite formed the two ore bodies.

Features considered significant: (a) The belt of alteration
and copper mineralization coincides with the inferred position of the
original major fault. (b) The systems of close-spaced parallel joints
were most favorable to deposition of the primary chalcopyrite. (c) The
intensity and extent of supergene enrichment are reflected by the
quantity of limonite-after-chalcocite in outcrops. (d) The erosional
interval between alaskite and monzonite may be a useful means in age-
distinction of Cretaceous and Tertiary igneous rocks.




s

INTRODUCTION

Purpose:
At Silver Bell the mineralized zone and a number of structural features trend

west-northwest. Yet, mineralization is controlled in detail by northeast, cross-

trending fractures. The purpose of this paper is to present interpretations of these
and other relationships.

Previous Work and Acknowledgments:

The first scientific study of the district was published in 1912 by C. A.
Stewart (5). 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 Company. Roland Blanchard conducted leached outcrop
studies in a portion of the area. Harrison Schmitt with H. M. Kingsbury and L. P.
Entwistle mapped structure and mineralization in the central part of the district.
Paul F. Kerr studied the alteration features, and later published a comprehensive
paper (3) on the district. Thomas Mitcham mapped structural features in the surrounding
area. The writers have drawn considerably on unpublished data, particularly in compila-
tion of the geologic map. The high quality and usefulness of the work of these men is
gratefully acknowledged, but unfortunately it is not feasible to give specific individ=-
ual credits.

Thanks are due the American Smelting and Refining Company for permission to
give this paper.

Location:

Silver Bell is situated 35 airline miles northwest of Tucson, Arizona, in a
small, rugged range rising above the extensive alluvial plains of this desert region.
Its geographical relation to other porphyry copper deposits of the Southwest is shown
on the inset map in the lower left corner of Plate 1. The climate is semi-arid. Alti-
tudes range within 2000 and 4000 feet.

History:
Opening of the Boot Mine, later known as the Mammoth, in 1865 was the first

event of note in the district's history. Oxidized copper ores containing minor silver-
lead values were mined from replacement deposits in garnetized limestone and treated in
local smelters. Copper production had approached 45 million pounds by 1909 when the
disseminated copper possibilities in igneous rocks were recognized. Extensive churn
drill exploration was carried out during the next three years and resulted in the partial
delineation of two copper sulphide deposits, the Oxide and El Tiro. Although the then-
submarginal tenor discouraged exploitation of these disseminated deposits, selective
mining of ore bodies in the sedimentary rocks continued intermittently until 1930, pro=-
viding a production total of about 100 million pounds of copper.

The American Smelting and Refining Company began exploratory and check drilling
in 1948 and subsequently made plans for mining and milling the Oxide and El Tiro ore
bodies at the rate of 7500 tons per day. Production will start during the second
quarter of this year at a rate of about 18,000 tons of copper annually.

GENERAL GEOLOGY

Formations ranging in age from Pre-Cambrian to Recent are exposed in the Silver
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Bell vicinity. The more erosion-resistant of these, Paleozoic limestone and Tertiary
volcanics, predominate in the scattered peaks and ridges comprising the Silver Bell
mountains. The porphyry copper deposits are located along the southwest flank of
these mountains in hydrothermally altered igneous rocks. These are principally in-
trusives which cut Cretaceous and older sediments and are considered to be components
of the Laramide Revolution.

For three-fourths of its length, the zone of alteration strikes west-northwest
(Plate I). There now is no single structure which accounts for this alignment. How-
every, 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 hereinafter be referred to as the "major structure". It was obliterated
by the Laramide intrusive bodies, but it affected a degree of control on their emplace=-
ment, 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), and by others.

As shown on the inset map on Plate II, a fault of parallel trend and consider-
able displacement lies to the north. This Tault is now marked by a line of small
Laramide 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
recognized, but its conformance in strike with the other two major faults is signifi-
cant. These three breaks establish a pronounced trend of regional faulting. They
are high-angle, and the southerly one may be reverse. Stratigraphic separations on
these faults are of the order of several thousand feet.

The local Paleozoic section is about 4000 feet thick. It is composed predomi=-
nantly of limestone with a basal quartzite member. The Cretaceous section appears
to exceed 5,000 feet. Conglomerates, red shales, and arkosic sandstones (the youngest)
characterize the three principal members.

Intrusion of alaskite marked the beginning of Laramide igneous activity. It
was emplaced as an elongate stock with one side closely conforming to the major
structure line throughout a distance of nearly four miles. The alaskite was at one
time regarded as a thrust block of pre-Cambrian rock (2); however, its intrusive re-
lationship and consequent post-Paleozoic age has been established by inclusions of
limestone found in outcrops north of E1l Tiro. It is believed also to be post-Cretaceous
although conclusive evidence of this has not been found at Silver Bell.

The next event was the intrusion of a large stock of dacite porphyry into
Paleozoic sediments and alaskite. The stock was some three miles in width and at
least six miles in length in a northwesterly direction. It was sharply confined
along its southwest side by the major structure line. A number of large pendants
of moderately folded Paleozoic sediments occur within and along its southwest edge.
Thus, the inferred, original major fault between Paleozoic and Cretaceous sediments
became a contact between alaskite and Paleozoic sediments and then, a contact between
dacite porphyry and alaskite.

Andesite porphyry may have been intruded later than the dacite porphyry, but
relationships are not clear; it may be simply a facies of the latter.

The intrusive activity was at this stage interrupted by an interval of erosion.
The erosion surface probably was rugged as there were local accumulations of coarse,
angular conglomerate. Subsequently, a series of volcanic flows and pyroclastics
several thousand feet in thickness was deposited. A similar unconformity has been
recognized elsewhere in the Southwest, particularly in the Patagonia Mountains
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near the Flux mine, some 75 miles southeasterly. Here, as at Silver Bell, volcanics
were deposited on an erosion surface cut in Cretaceous and older sediments which had
been intruded by alaskite.

Though no evidence is offered which closely defines the age of this uncon-
formity, and proper analysis of the problem is beyond the scope of this paper, it
is interesting to speculate that it may mark the close of the Cretaceous Period and
provide a distinction between Tertiary and Cretaceous igneous rocks within the
Laramide Revolution.

Subsequent parallel faulting along the major structure line sliced the vol-
canics and Cretaceous sediments into horst and graben structures. These faults are
remarkably persistent southeasterly, extending several miles beyond the map. It is
not clear if they originally extended through the northwest part of the district;
they may have terminated against the earlier east-west fault shown on the inset map
on Plate II. The formation of these faults indicates at that time a still-existent,
deep-seated zone of weakness along the major structure line.

Monzonite stocks and contemporaneous dikes were then emplaced along and near
this line, obliterating portions of the faults described in the foregoing paragraph.
The stocks are elongate parallel to the major structure line. The dikes are dis-
tributed along this line but trend across it, for the most part, with an average
east-northeast strike. Systems of close-spaced, parallel fractures then developed.
Like the dikes, these fractures are distributed along the major structure and strike
across it. Alteration and sulphide mineralization then took place. The deposition
of sulphides, particularly chalcopyrite, was controlled in detail by the cross=-trending
fractures. Although these were distributed along the major structure line as a
narrow band, it is notable that throughout much of its length there are now no fault
structures to account for this trend.

Post-sulphide dikes of andesite represent the last intrusive activity in the
immediate district. Curiously, most of these dikes parallel the strike of the major
structure, although it would seem that the cross-breaking fractures represented
available lines of weakness. This serves to emphasize the major structure line as
being a profound, deep-seated zone of weakness persisting through a long period of
time.

Uplift and erosion of the region during late Tertiary or Quaternary time
exposed the lean primary mineralization to processes of weathering and enrichment,
resulting in the accumulation of the two chalcocite ore bodies.

Small plugs and flows of basaltic lava occur in the flats surrounding the
Silver Bell range. These are later in age than the Gila conglomerate and mark one
of the more recent events in the geologic history of the region.

STRUCTURAL CONTROL OF HYPOGENE MINERALIZATION

As in the majority of porphyry copper deposits, the principal primary sulphide
minerals at Silver Bell are pyrite and chalcopyrite. Although occurring as dis-
seminated grains, they are more abundant as narrow veins or seams which are usually
near-vertical in attitude and persistently parallel. Varying in thickness from
paper-thin to several inches and, in spacing, from inches to several feet, these
thin sulphide sheets occur as groups of various sizes throughout the narrow,
northwest-trending zone of hydrothermal alteration. (Due to the small scale, a
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single line in the pattern of "Mineralized Fissures" on Plate I usually represents

a large number of parallel structures, rather than an individual.) In detail the
average individual fissure appears as a thin quartz-sulphide seam encased by s
rather uniform band of sericite. The fissures are predominantly oriented in the
northeast quadrant; a small proportion strike northwest and a few are random. From
a broad viewpoint there are, among these systems, or groups, no intersections of
consequence. Within groups, changes in strike occur gradually and result in curving
trends. As noted earlier, these groups of mineralized fissures are distributed along
the major structure line, and it is assumed they were formed in response to deep-
seated, uniform stress related to this line.

At least a few hundredths of one per cent copper is present nearly everywhere
in the altered zone; better values occur where there are mineralized fissures; and
the best values, where the fissures are close-spaced. The two comparatively large
groups of these close-spaced structures coincide with the positions of the two ore
bodies (Plate I). However, the actual structural, mineralogical, and lithological
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. The
strong east-west fault which terminates in the Oxide area may have influenced the
concentration of fracturing there, and at El1 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 localized stresses. Nonetheless, the importance of
these structural conditions is not clearly demonstrated, and no 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 structure line.

Outside of the zone of alteration the dacite porphyry is finely fractured and
Jointed throughout most of its large exposed area. In sharp contrast to the systems
of parallel fissures in the alteration zone, these breaks in the dacite porphyry are
almost completely disoriented; parallelisms are rare and traceable for only a few
inches or feet. They appear to be pre-mineral where they are found in the alteration
zone in the westerly and southwesterly portions of the dacite porphyry. It would
seem that in physical aspect this formation was exceptionally well prepared to be
mineralized-=--perhaps better than the rocks of the ore zone proper. The fact that
it was mineralized only to a minor degree may be accounted for by the absence of
systematic fractures. That is, only the systems of parallel fractures were con-
nected with the deep-seated source of mineralization, and the pervasive breaking
of the dacite porphyry did not alone qualify it for mineralization.

Excepting the post-mineral andesite dikes, all igneous rocks within the
narrow northwest-trending zone shown on Plate I are hydrothermally altered. Varia-
tions in the intensity or in the completeness of the process, have been subdivided
by Kerr (2) into five stages. His analysis demonstrated, among other things, that
the known ore bodies occur within the more strongly altered areas.

The area outlined on Plate I includes all degrees of alteration, but no
differentiation is made It merely represents the areal extent of bleached-appearing,
igneous rocks showing evidence in the leached outcrops of pre-existing disseminated
sulphides---principally pyrite. The transition to relatively fresh rock is quite
sharp in many places, particularly along the contact with sedimentary rocks and on
the faults in the southeast portion. However, along most of the southwest margin
the transition is gradational, and the limit is an arbitrary line.

Tactite, composed essentially of garnet, quartz and lime-silicate minerals,
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is confined to a narrow belt along the southwest margin of the limestone pendants,
except in the vicinity of the Mammoth and Union mines where it has replaced the
full width of the sedimentary block. It has been suggested by Stewart (1) that

the dacite porphyry and monzonite are respomsible for this "contact metamorphism".
The areal distribution of this tactite is such that, if it were to be considered
strictly as a contact phenomenon, the alaskite would be as related to it as the
other intrusives. Without going into the problem in detail, it is worth noting
that the tactite occurs along the major structure line in such a manner as to
indicate a close genetic connection with it. Supporting evidence in the form of
well-defined structural controls of individual pods of tactite is not recognized.
An occasional mineralized fissure cuts the tactite in the Mammoth and Union deposits,
although the primary chalcopyrite ore bodies have little obvious structural control.
Elsevwhere, fissures in igneous rocks terminate abruptly at tactite margins.

SUPERGENE ENRICHMENT

The two ore deposits consist of rudely tabular accumulations of chalcocite
from one to two hundred feet in thickness. Lying beneath about one hundred feet
of leached capping, they were formed by two- to threefold enrichment of the copper
contained in the primary mineralization. Typical ore is composed of altered rock
and sulphides in a ratio of about 10:1 by weight.

Most of the capping over the ore bodies contains less than one-tenth of one
per cent copper as cuprite, or other oxidation products, mingled with the limonite.
Occasionally, somewhat higher values occur where copper has been precipitated as
silicates and carbonates by reactive gangue material present in less altered rock.
Within the ore bodies, where alteration is strong and the gangue is non-reactive,
the upper limit of the sulphide zone (or, the base of oxidation) appears on open-
cut faces as a sharply defined, highly irregular line. Only rarely is there a
transition zone of mixed sulphide and oxidized minerals. 1In general shape the
base of oxidation conforms to modern topography, even though local relief exceeds
200 feet. The water table for the most part now is well below the chalcocite zone.

Some of the irregularities of the base of oxidation are caused by displacement
on post-chalcocite faults, but most are due to variations in rock permeability. This
is evidenced by the dense siliceous character of a few sulphide remnants occurring
well up in the leached zone, and by leached indentations of the sulphide zone along
some of the fissures.

It is significant that the base of oxidation shows general conformance to the
topography, but that in detail it is a highly irregular, sharply defined "front".
Its present shape may have been produced by modification of a pre-existing base-=--
one which was established during relatively moist climatic periods of the past.
Under such conditions the water table wouid have oscillated at uniformly shallow
depths and thus would have served to limit the depth of oxidation, thereby deter-
mining the shape of its base to some extent. Otherwise, under conditions involving
depression of the water table---principally those of dryer climates~--it appesars
that the oxidation process proceeded in the vadose zone independent of the water
table, and that it advanced downward on a sharply defined front whenever oxygen-
charged meteoric water reached it.

Opinions vary as to the role of the water table in the deposition of chal-
cocite and as to the reason for the chalcocite's distribution through a consider-
able vertical range. At Silver Bell pyrite and, preferentially, chalcopyrite are
only partially replaced by chalcocite immediately below the line at the base of
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oxidation as well as on down through the zone of enrichment. This condition appears
to be an argument favoring the theory that chalcocite is deposited at or below the
water table. That is, the dissolved copper on its downward course by-passed available
chalcopyrite and pyrite until it reached the water table where it formed chalcocite.
The partial replacement of primary sulphides by chalcocite and its vertical distri-
bution, as now existing, may then be explained as originating through the numerous
cyclic fluctuations of the water table position.

"LEACHED OUTCROPS

In the formation of most disseminated chalcocite deposits the enrichment process
takes place progressively---copper is repeatedly dissolved, carried downward and pre-
cipitated. It has been well established by Blanchard (1), Locke (4) and others that
under these conditions "limonites" of certain colors and textures are left behind in
the leached capping as evidence of the pre-existing chalcocite.

The Silver Bell district provides exceptionally good examples of this phenome-
non, 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 rests mainly on
quantitative rather than qualitative appraisal. Mapping of the Silver Bell outcrops
on this basis provided a valuable guide in exploration drilling. Results have
demonstrated conclusively that the pattern of relatively strong copper mineralization
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 which
are numerous in the outcrops of the mineralized zone at Silver Bell. There is evi=-
dence indicating they are several centuries old. These shallow open cuts invariably
follow close-spaced, parallel fissures containing the dark maroon limonite-after-
chalcocite. Since there are no precious metals or visible copper in these fissures,
it is plausible to assume that this limonite with its particular hue was considered
valuable in the past as a pigment, perhaps for pottery or war paint. Thus, in the
history of leached outcrop investigations, it seems that some early Arizona Indian
tribe deserves at least honorable mention.
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SILVER BELL PYIT DEVELOPMENT

The Silver Bell 7500«bton per dey open pil opsration of American
Smelitlng and Refining Company is located about 40 miles northwest of

Tregon, o the west of Avra Valley, ot the southern end of the Silvey

Deovelopment on the Silver Bsll copper deposits bsgan in 1873 on

the Memmoth lode. In 1881, afber eonstruction of the Soubkmrn Peeifie

Fallway through Toesen, the Huachueca Minlng and Swelting Company began

ch oxidized copper ore from the Mammoth, 01d Boot and Blue Coat

"'\

i
claimz, In 1882, four different companies opsrated in the dlstrict but

were soon discouraged by trangportation problems and low metal prices,

s
In 1891, Silver Bell Mining Company wil:t & smeliter in Tueson and
gperated 1t intermittently Eﬁ i902, the Impsrizl Copper Company obbalned
the Cl¢ Booh, Mammoth, and other elaima, developed a sizsble ore body and
tuilt o rallrvad from Rzd Rock te Siiver Bell, waich thay completed in 1904,
Luring this pericd, geveral companies were orgenized, ineluding Oxide Cepper
ompany, Lo develep the Young Americe Group and the Cleveland-Arizons Copper
Company (Jater El Tirc Copper Company) 4o develop cleims adioining the Tme
perial and Indians=Avizona Company, In 1915, Americen Swaliing and Refining
Company purchased the holdings of Imperial Copper Company and operstod undsr—=
ground mines untll 1919, In 1934, all machinery, equipment and buildings
vere moved cub, and Arizones Southern Railwmey from Red Roek 4o Silver Beil
ves dismantlad, In 1940, ths present eperator acgulrsd ths property of the
Oxide Coppor Company, which had drilied 76 holes, end oublined = disseminastsd
copper depoedit bstwesn 1909 end 1912, which, during those early days, was

considered too low grade to be commercial.
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To obtain low truck maintensnce, good tire cogt and awoid continuous
gpeinkiing and grading, the El *iro roed wag paved,

To further roduce haula-e ¢osis, six new trucks were put into service
for the EL Tiro ore haul, This unit is the Kenmworth 802-B irucketractor
ith cump semi-trailer, This truck-trailer combination is powsred by a
Turbe-charged NRT=600 Cumnine diesel produeing 300 hp, and has = espacity

2

of 32 cuble vards {struck). Further deteile on these haulage units can be

b ]

¥

obtained by zeferring to a paper entitled "A Discrssion of Reer Dump Trailers',
by Furman Byars, presented at the annual meeting In Tusson, Arizona, December
1955,

The sgquipment currently in usge abt Silver Bell consigts of: Thres
G yard electric shovels, (two in the El Tiro pit and one in the Oxide pit),
wee 3-yard diesel powered shovels, (one in Fl Tire and two in the Oxide pit).

aight 1lS=yard trucks, seven 25-~yard trucks, six 32-yard trucks, one rotary

drildl, eighi chvra drills, two DW10 tractors, two D=8 esterpliliars, ons road

e ro e trueks,

Both the E1 *iro Pit and the Oxide Pit have baen laid ovt on a 1 %o
e oz 56° back slope. The shape and size of the ore body governs the sal-
this slops, The rock is reasonably firm, thsre are no knowmn favlis

parallal to the perimeters,; and the 1ife of both pits is e-mparatively short,

=

tonch interval of 30 feet was origiraily planned, brt this waa

Later changed to 40 fest. The maln reason for thig changs was to permit

the ecniractor, Isbell Construetion Company, to vee their Geyard shovels to
2 batisw advantage, Soms of the lower benches mey be mined on & 30-foof
interval,
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