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AGS Fall Field Trip, 1988
Tombstone-Bisbee-Commonweal th

The Guidebook for the 1988 Fall Field Trip of the Arizona Geological Society
(149 pages, spiral bound) of October 22-23 has been placed in the Asarco
Library.

The trip covers the Tombstone-Bisbee-Commonwealth areas of Cochise County.

Santa Fe Minerals has now tied up much of the patented and unpatented claims
in the main Tombstone area and has three rigs busy. They are testing, by
3000 foot drill holes, for replacement deposits in the Abrigo and Martin
limestones; Peter Megaw, project geologlst

At Bisbee, the PD group has five geologists working on the drilling, inter-
pretation, and engineering studies coupled with the economic analysis.
Reserves have been announced in the range of 170 million tons at 0.45%
copper in this Cochise deposit (north of the Dividend Fault). They have

announced that all the copper will be recovered in a Solvent Extraction
plant.

In the Gleeson area, Santa Fe has several core rigs busy. One '"wag'' said

he wouldn't touch that area with a ten-foot pole and was glad his name would
not be attached to the project. Apparently Jim Loghry is one of four con-
sultants to the Santa Fe Gleeson project (he was not on the trip).

The Commonwealth Mine at Pearce is now being prepared for drilling {(and fund-
raising) by Westland Minerals Corporation. The cyanide tailings (% million
tons at 2 oz./ton silver and 0.01 oz./ton gold, very high silica) are
presently being shipped to the PD Hidalgo smelter.

H. Drewes, R. Newell, S. Eade, and J. Guilbert all combined to expound on the
geology, mineralization, and on their thoughts to the group during the
excellent days for an outing.
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AMERICAN SHMELTING AND REFINING COMPANY
Arizona

Tucson .
March 18, 1970

MEMORANDUM FOR: W, E. Saegart

Bisbee District
Cochise County, Arizona

On March 17, 1970, upon returning from Agua Prieta, Sonora,
As near

| noticed a new drill road and tripod rig east of Bisbee.
as | can place it, as | did not have a topo sheet with me, the rig
was high up on the north side of Black Knob and in the NW quarter

of Section 28, T23S, R25E.

No additional investigation was undertaken,

}W,xﬁﬂ/
James D. Sell <&}

JDS/kvs

" cc: BEKilpatrick
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'1969 Annual Summer Meeting
. of the
Mining Geology Division

Arizone Section

AMERICAN INSTITUIE OF MINING, METALLURGICAL

AND PETROLEUM ENGINEERS

Presented by
PHELPS DODGE CORPORATION
Copper Queen Branch

Bisbee, Arizona

June 28, 1969




4 :00PM - 8:00PM

7:00AM - 12 Noon
7:30 AM
§:30 AM
12 Noon
2:00 PM

6:00 EM
7400 PM

SCHEDULE

Friday, June 27, 1969

Registration

Copper Queen Hotel

Saturday, June 28, 1969

Registration
Underground Tour
Open Pit Tour
Luncheon
Technical Session
Cocktail Hour

Banquet

Copper Queen Hotel
Cole Shaft

Main Gate

Copper Queen Hotel
Greenway School
Copper Queen Hotel

Copper Queen Hotel

TECHNICAL SESSION

Greenway School Auditorium

Cole Avenue, Warren

A Welcome to the Mining Geology

Division Members

Geology of the Bisbee Area

Mr. Henry Clark

Structural Control of the Sulfide
Replacement Deposits

Underground Gravity Surveys

at Bisbhee

Mr. Richard Leisur.

Mr. Keith Coke

Mr. Robert Schnepfe



GEOLOGY OF THE BISBEE AREA

Abstract

The geologic formations outcropping in the Mule Mountains in the Bisbee
area consist of the Precambrian Pinal schist basement overlain by 1,200 feet of
Cambrian Bolsa quartzite and Abrigo limestone, 300 feet to 375 feet of Devonian
Martin limestone, 600 feet to 800 feet of Mississippian Escabrosa limestone, and
3,000 feet of Pennsylvanian-Permian Naco group. During late Triassic or early
Jurassic time, the Juniper Flat granite with associated dikes and the Sacramento
Stock were intruded into these formations, accompanied by complex faulting and
brecciation. Peneplanation north of the Dividend fault was followed by the
depositicn of 5,000 feet of the lower Cretacecus Bisbee group. Post-Cretaceous

tilting, faulting and erosion gave rise to the present surface.



STRUCTURAL CONTROL OF THE SULFIDE REPLACEMENT DEPOSITS AT BISBEE
Abstract

Orebodies around and adjacent to the Sacramento stock south of the Divi-
dend fault were probably of a pyrometasomatic origin. Their configuration was
influenced largely by the bedding of the limestone host and to some extent by
fracturing. Orebodies lying away from the stock tend to occur in groups or

clusters. The placement of these clusters was influenced largely by steeply-

dipping north-south trending fracture zones which occur between branches of north-
east-southwest trending faults. A prerequisite of the host rock was its ability
to fracture under stress. This prerequisite is met in the thinly-bedded Abrigo
formation, the Parting quartzite overlying the Abrigo, the impure and brittle
Martin limestone, and the chert zones in the lower portion of the Escabrosa liﬁe—
stone. Post-Cretaceous movements along many of these northeast-southwest faults
have displaced the ore-bearing fracture zones along with the Cretaceous sediments,

and further displaced the Paleozoic formations.



UNDERGROUND GRAVITY SURVEYS AT BISBEE, ARIZONA
BY ROBERT N. SCHNEFFE

Abstract

Twelve thousand gravity stations have been occupied in 160 miles of
crosscut underground at Bisbee. All of these values are referenced to a base
network, permitting direct comparison of the data. Latitude, free air, Bouguer,
terrain, and regional corrections are made to the raw data. The resulting residual
gravity data presented in the form of contour maps.

The density of the country rock is remarkably uniform and averages
2.70 g/ce. A density contrast of 1.00 g/cc between the massive sulfide minerali-
zation and the country rock is generally assumed in making theoretical calcula-
tions.

Limited station distribution precludes the use of mathematical inter-
pretational aids. Non-sulfide disturbing influences are solution caverns, mine
workings, epidote skarn, dolomitic limestone, gossan, and some copper oxide
mineralization.

Five examples of gravity anomalies in various portions of the mine are
shown. These illustrate a number of the problems encountered in the interpreta-
tion of the results, as well as the size and magnitude of the anomalies to be
expected. One example of a vertical section showing the relation of the apparent
density to the gravity contours is given.

Eighty percent of the recommended holes that have been drilled have cut
sufficient sulfide mineralization to account for the ancmaly they were investi-

gating. The gravity data is also used in planning exploration crosscuts.



MAP OF BISEEX AREA
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Intrusive Breccias Associated with Ore, Warren (Bisbee)
Mining District, Arizona

Donarp G. BRYANT
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(1) 8 miles

August 17, 1960

NOTES ON GLANCE CONGLOMERATE TN BISBEE DISTRICT

NW of Bisbee: C(Congl dips at very low angle under Morita ~- congl.

composed mainly of angular to sub-rounded schist fragments. OQcca-
sional felsite por pebble. NWumerous thin beds of red, sandy mud-
stone. Cg passes upward into * 30' of red mudstone which is over-
lain by arkosic ss (gray, thick bedded) of Morita. Gl. congl. over-

lies Pre€ schist; thickness varies from a few feet t¢ several hundred.

- A e g AL " T e e S A M S0 e e S d T e e D Mt b e o (o A A P S e S A R T e e e e

Congl of same character as at No. 1 loec. Dips northerly under red
sandy siltstones which contain thin congl beds with some well rounded
schist fragments. This (red siltstone) presumably is basal unit

of Morita ¥. Congl. contains numerous vein quartz boulders as well
as boulders of mineralized limestone and porphyry.

. . . D e M ot R By S A e S e e S ER A Y e B N G A S P e G S TS S G W sty e SO Sk D G e v e B Ot G e e e At
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Ls congl with red mud matrix dips north to northwest. Appears to
overly schist congl with a few 1ls boulders which outcrops in rail-
road cut 1/2 mile to south. Congl. contains many mineralized
boulders.

. . - - - Tt ot T WY D e S A S G A S e A e e S S G e S S Ge SV D Gt A W O6 M s S G A e g e 00 e G ML D G MR e W W e R e AW S e e

- . - ) " G . W e S W e A W 0 S e e R g M S R M G A A e G S A Y S S S N e e

GENERAL

Hill on which Glance shaft is located is composed of east dipping
conglomerate beds. Boulders are schist.and quartzite (angular to
subrounded) with some ls. fragments. Is congl with occ. red brown
sandstone and siltstone (Morita?) boulders occurs on E, W and S side
of hill, and thus, in this area the 1s congl appears to underlie

the schist bearing congl. Passing westward from the Glance Hill,
+the 1s congl appears to gradually change to a mixture of 1s, schist,
ss and quartzite.

The arkosic ss and red mudstone fragments in the ls congl. suggests
a possible post-cretac. age, but no field relations were found to
support this. Ransome (ﬁ@. 21, 1904) considers Glance eg. to have
a maximum thickness of about 600 ft. in Bisbee district.

J. H. COURTRIGHT
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) Lt INTRUSIVE BRECCIAS AT BISEEE
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At Bisbee tﬁere are a great number of unusual dbreccias whose existence is
not generally known to outside geologists. They are called intrusive breccias ang,
as the term implies, the breccia fragments were intruded into the formations where
they are now found.

The ﬁisbee intrusive breccias are a hetergeneous agglomeration of rock
fragments comprising rocks from underlying formations. By some mechanism, not
clearly understocd, the component fragments have been forced through the overlying
rocks for great distances following ﬁhatever path offered the least resistance to
their passage: The fragments may have migrated a short distance only and be simi-
lar to the wall rock enclosing the breccia or they may comprise all lower formations
including the Bolsa Quartzite and Pinal Schist as well as porphyry.

Fragments of nearly any size are locked in a matrix of cementing material.
Thin section examination of the matrix reveals that it is composed of sﬁaller frag-
ments of the same rocks that make up the brececia; the matrix is often cemented by
calcite and silica introduced after the breccie was intruded.

In form, the breccias are extremely irregular. A few are dike-like but
characteristically they may follow a Jjoint for a short distance, then switch abrupt-
ly to a bedding place or an intersetting fracture.v Sometimes they are tabular but
often they swell out to occupy irregular volumes in the limestones.

The breccias may be very small masses of perhaps pencil width occupying
Joints or fissures or they may be masses of considerable size with dimensions on a
single level of several hundred feet.

Component fragments also vary in size as is evidenced by the specimens on
display. The biggest specimen observed by the writers was a perfectly rounded

V/ boulder perhaps three feet in diameter in a Eench of the Lavender Pit. It was not
accessible so its composition could not be determined.

The relative age of the intrusive breccias seems to be clearly established.

They frequently contain rounded boulders.of porphyry and are, therefore, post porphyry.
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They also often contain rounded pebbles of barren pyrite showing that a period of
iﬁtense pyritization had occurred prior to instrusion of the breccias. The breccias
“themselves are sometimes more or less completely replaced by ore minerals.

Assuming a genetic relationship between the porphyry and the pyritic min-
eralization the sequence of events would then be:

1. Intrusion of the quartz monzonite porphyry into the Paleozoic lime-
stones;

2. A period of pyritic mineralizetion in which the porphyry was sparsely
pyritized and portions of the surrounding Paleozoic limestones suffered massive re-
placement by pyrite;

3. Intrusion of "pebble dikes" or intrusive breccias into the Paleozoic
limestones, the porphyry stock and into the schist;

4. The period of ore mineralization which resulted in the "halo" of lime-
stone replacement ores as well as the disseminated protore of the Sacramento Stock.

An interesting feature of the brecc¢ias is that the degree of rounding of
the fragments appears to be a function of the distance traveled. A breccia whose

|//compcment fragments are predominately limestone may be made up of angular boulders;
the guartzite and schist boulders observed in the breccias are usually rounded and
resenble stream worn boulders.

| In a number of places it has been possible to observe the mechanics of

assimilation of wall rock fragments into the clastic stream of intrusive breccia
fragments, Intrusive breccia material occupying irregular channels isolates and
engulfs projecting blocks of the host rock or surrounds big blocks of rock cut on
all sides by fractures. The next stage is a breccia whose angular fragments would
all obviously fit together like pieces of a jigsaw puzzle but are held apart by the
matrix material. The final stage is a breccia of rounded boulders which have been

moved thousands of feet from their source.
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The intrusives are found throughout the productive area and are seemingly
most abundant in the immediate ore area. They are particularly abundant in the main

' Sacramento Stock. They have also been observed in the limestones outside of the
known productive area and in the schist dbove Brewery Gulch north of the Dividend
Fault. They occur in every formation up to and including the Naco Limestone. The
intrusive breccias form a "halo" around the Sacramento Stock area just as the lime-
stone replacement ores do but of greater radius; some are well ovéf 2 mile horizon-
tally from the closest porphyry of the Sacramento Stock.

Increasing familiarity with intrusive breccias disclosed they they are
closely associated with ore deposits in a great many cases. Mineralizing solutions
frequently tended to follow the same paths followed by the breccias and in many
cases the breccia was replaced more or less completely by ore. Schist‘and quart-
zite fragments were more resistant to replacement than were the limestone fragments.
In many of our ore deposits the intensity of replacement actions has nearly obliter-
ated the breccia structure but often a careful examination will reveal ghosts of the

0old rounded or subangular fragments.

It is probable that over 90 percent of Bishee ore bodies are directly as-
V-sociated with intrusive breccias; if it were possible to study every stope round by
round as mining progressed it might develop that the percentage is even higher.
If it is borne in mind that the ore in Bisbee occurs not in an ore body
but in literally hundreds of isclated@l; 'separate and discreet ore deposits, this as-

sociation of intrusive breccias and ore becomes truly remarkable.

ORIGIN OF BRECCIAS

A great many theories have been offered by various geologists as to the
origin of the Bisbee breccias. Many of them are subject to some serious objection.
For purposes of discussion, a few of the most commonly held theories are summarized.

1. The fragments were "floated" through the roeck under very high pressure.
The matrix probebly contained a high percentage of sulphide and thus formed a high

density slurry to float the rock fragments.
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Objection: While some of the breccias have a sulphide matrix this is un-
doubtedly due to subsequent replacement. Thin section examination shows the average
matrix to be identical in composition to the larger fragménts which can be identi-
fied megascopically.

2. The dikes were plugs of solid material driven shead of an advancing
magnatic intrusion.

Objection: The dikes are post Sacramento Stock porphyry. No evidence
of another intrusion has been found.

3. The "contact breccia" represents explosion material which has blown
high in the air and tumbled back into the void of what is now the Sacramento Hill
Stock. The porphyry was intruded later and engulfed most of the explosion breccia

- leaving only patches around the stock. This theory has enjoyed considerable popu-
larity and has been expressed in a number of publications.

Objection: The breeccia dikes are definitely post porphyry. The theory
entirely ignores the dikes which extend for a mile or more out into the surrounding
rocks. The writers know of no evidence whatever that the breccias were formed by
this means.

4, The entire area was under extreme pressure. There was a gudden re-
lease of pressure caused by an eruption of molten material or gas through to the
surface, This sudden release of pressure caused a violent migration of material
tovard the point of release.

Objection: The spider web of dikes out from the Sacramento Hill Stock
shows that material was forced up or out by a deeper seated pressure rather than
inward toward a point of sudden release.

5. The magma of Sacramento Stock was intruded into the limestones but
was not extruded onto the surface. Cooling and crystallization started with a con-
sequent rise in pressufe of the remaining megmatic solution. This resulted first in

the release of hydrothermal solutions which pyritized the surrounding rocks. Later
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as crystallization progfessed and solution pressures rose sufficiently, an escape
of gases or liquids along all available paths occurred. The gases, having velocity,
were then able to force along their myriad channels fragments of the outer solidi-
fied shell of porphyry together with fragments of all rocks traversed. Fragments
of this clastic stream helped abrade the walls of the channel and enlarge it; gas
pressure ahead of the intrusive pressure helped open channels for the fragmental
material. Later, ore solutions folléwed these breccia dikes replacing susceptible
portions of the dikes on the adjacent limestones.

This last explanation is favored by the writers. While it is hardly sus-
ceptible of proof, it does answer most of the problems posed by the Bisbee breccia
dikes.

The same idea of rising pressure due to crystallization of a silicate
system has been used by others to account for intrusive breccias--notably by W. H.

Emmons and F. M. Chase.

Not for Publication

W. G. Hogue & H. E. Metz
Bisbee, Arizona
May, 1956

mbb



L ‘IiNTRUSIVE BRECCIA SPECIMEN INDgil'
Lavender Pit Specimen No. 1 to No. 5 inclusive.
‘ All show intense hydrothermal alteration.
No. 1 - Fragments of Pinal séhist and Bolsa quartzite. Cluster of pyrite
blebs near top of specimen believed to bé intrusive,
No. 2 - Rounded porphyry fragment at the top left. Other fragments too
altered to identify.
No. 3 - Note the rounded pebble of sulphide near the bottom of the specimen.
Other fragments of porphyry and Bolsa quartzite.
No. 4 - Fragments of Pinal schist and porphyry.
No., 5 - Rounded boulder - probably Pinal schist.
Breccia specimens from the Abrigo Limestone No. 6 to No. 12 inclusive.

Minimum distance of travel normal to the bedding: Pinal schist - 1000 feet
Bolsa quartzite - 600 feet:

No., 6 - Sawed face shows fragments of porphyry and pyritic limestone.
Schist frapments are identifiable on the rough sides.

No. 7 - Small dike consisting of fragments of Pinal schist, limestone and
pyrite. Massive pyrite on the walls probably pre-dike. Note the bornite stringers
cutting pyrite and dike material on the rough face.

No. 8 - Fragments of Schist, Bolsa quartzite and porphyry. Nearest known
porphyry instrusive is 400 feet.

No. 9 - Rounded fragments of Pinal schist, Bolsa quartzite and pyrite.

No. 10 - Specimen from an ore body showing incomplete replacement by ore
minerals. The unreplaced‘fragments are Bolsa quartzite and Pinal schist.

No. 11 - Specimen from an ore body, like No. 10 shows incomplete replace-
ment by ore minersls, |

No. 12 - Pebble of Bolsa quartzite from the same breccia as No. 10.

No. 13 to No. 17 inclusive ~ Breccia specimen from the Campbell pipe
showing dissimilar limestone and various degrees of replacement.

No. 19 - Quartzite houlder.

ﬁo. 20 - Limestone boﬁlder.

No. 21 - Quartzite boulder,
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A great deal has been written on the ore erosits of the Bisbee District.
Much of this paper is simply a summary of earligy literature. In some cases it has
been necessary to nodiry the older ideas as wel]l as develop new ones to explain some
of the more recent discoveries. |

ROCKS

The olﬁest rock of the district is pre-Cambrian Pind schist. Resting
unconformably on the schist is over 4,000 feet of Paleczoic sediments. The base of
the Paleozoics is represented by 400 feet of Cambrian Bolsa guartzite. This is fol.
lowed by T70 feet of sandy, thin bedded Abrigo limestone of late Cambrian age.
Ordovician and Silurian sediments are missing. Follﬁwing the Abrigo limestone is
350 feet of Devonian Martin limestone which, in turn, is followed by the Carbon.
iferous limestone, consisting of 700 feet of Mab:osa limestone of Mississippian
age and over 2,000 feet of Naco limestone which is Pennsylvanian,

Resting on a very irregular erosion surface of pre-Cambrian schist and
Paleozoic sediments with their intruded rocks are about 5,000 feet of early Cre-
taceous sediments. The lower member of this series is the Glance conglomerate,
from 20 to over 500 feet thick; followed by 1,800 feet of shales and sandstones,
the Morita formation; 650 feet of fossiferous Mural limestone which has formed the
conspicuous cliffs to t&e northeast; and this, in turn, by at least 1,800 feet of
sha.lés and sandstone - the Cintura formation.

Cutting the schist and Paleotoic sediments is a large stock of granite,
the main exposure of which is in the northwestern pext of the district and forms
the very rough terrain north of the roed on the west side of the Divide. Branchiﬁé

out from the granite stock are numerous\sills and dikes of granite and rhyolite
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porphyry, which are écattered throughout the western part of the district. They
are relatively unaltered and have a composition like that of the granite and are
believed to be part of thé same intrusion.

The most important igneous rock of the district, because of its relation-
ship with the ore deposits, is a stock-like mass of highly altered quartz monsonite
porphyry. It is sbout a mile in diameter. A major fault, the Dividend, splits it
into two different geologic settings. On the north, or footwall exposure, it in.
trudes the Pinal schist. The porphyry, end schist surrounding the porphyry, are
highly altered and silicified. On the west side of the stock is a considerable
zone of bleaching in the schist. On the south, or down thrdwn side of the fault,
the porphyry has intruded the Paleozoic sediments. Branching dikes and sills spread
out from the stock in much more profusion in the limestsne than in the schist. This
is more evident in the underground sections than is indicated on the surface where
a good part of the stock is hidden by cover. Alteration due to intense mineraliza«
tion has practically made the original composition indeterminate; however, recent
thin section studies have indiecated that it was probably quartz monzonite porphyry.

The usual contact metamorphic minerals are conspicuously absent in the limestone

surrounding the stock. There is a highly silicified, iron-soaked zone of limestone
ad jacent to the stock which may have been causéd by contact metamorphism but which
was more probably the result of mineralization.

Seeminglj guite closely associated with the porphyry are dikes and sills
of breccia consisting of rounded pebbles and cobbles of the formation through which
they passed. It is not unusual to find rounded schist fragments in dikes cutting

the Naco limestone and in nearly all are pebbles or fragments of Bolsa quartzite.

This type of breccia is designated as intrusive breccia and will be more fully de-

scribed in the next paper.
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FAULTING

The producing area of the district is terminated abruptly on the northvby
the Dividend fault, which was mentioned earlier. It has split the porphyry stock
and dropped the Paleozoics on the south against the pre-Cambrian schist to the north.
The general strike of the fault is about N 70° W with a southerly dip of from 65° to
80°. Remnants of Bolsa quartzite on the north, coupled with the Paleozoics to the
south, give a fairly accurate record of the vertical displacement which, in the vi-
cinity of the Saginaw shaft to the east, is over 5,000 feet and, at the Copper Queen

Glory Hole in Bisbee, 2,000 feet. A short distance east of the Saginaw shaft, the
— e
fault is lost under the surface gravels, while to the west it passes into the schist
above Bisbee and is lost in phg complex south of the Juniper Flat granite.
The Paleozoics in the productive area are cut by a series Ofﬂgngggﬁst
fractures which have been segregated into a number of fault zones. They have a
strike which is complementary to the Dividend fault, roughly N 200 E, and dip
steeply to the west. Individually, the fractures seem insignificaﬁt and little
more than a joint, but collectively over a wide zone may account for considerable
displacement. Ore occurrence is intimately associated with these northeast frac-
tures. The major fracture zone in the Junction area is the Mexican Canyon. It is
a zone possibly 1,000 feet wide which has an overall displacement of from 400 to
500 feet. Ore has been found intermittently in this zone for a vertical extent of’
over 2,000 feet. Another important zone, which is a major producer today, is the
Dallas fault zone. In all, over twenty fault zones have been segregated.
Complementary to thevnortheastErs sré the northwesters. They are a series
of fractures with a northwest strike and in all respects are similar to the north-
easters, but 4o not have their persistency. These, too, are important ore producers,

particularly where they Jjoin with the northeast system.
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Cutting diagonally to the southeast across the productive area is the
Qliver fault, It has a dip of about 450 to the southwest, and has a normal dis-
placement which is confined to a fairly definite plane rather than a zone, of about
500 feet. The northeast fault zones cut the Oliver fault. Areas where these zones
cross the Oliver have been particularly fruitful in regard to ore. The large Cole=-
Dallas ore bodies of today are the result of the Jjuncture of the Oliver, the Dallas
and the Mexican Canyon.

Age of the initial movement on these faults can only be placed as post-
Paleozoic and pre-Cretacecus. Many show post-Cretaceous movement also, which has
led to considersble controversy in regard to the age of the ore. The post-Cretaceous

movement is due to reopening of the earlier fractures in post-Cretaceous time.

GEOLOGIC HISTORY

The very early historical events of pre-Paleozoic¢ time are omitted here
and iny those that are more closely associated with the ore occurrence are related.

In post-Paleozoig and pre-Cretaceous time, probably Triassic or Jurassic,
there was initial movement on the Dividend, Mexican Canyon, Campbell fazults and many
others. These provided channels for the intruding porphyry. The main stock was
formed along the Dividend fault, and the dikes and sills along the others. The
intrusion, which must have engulfed large portions of the limestone, displaced por-
tions of it also, causing new faults and fractures as well as intensifyiﬁg old ocnes.

Following the porphyry intrﬁsions there was a period of intense mineral-

ization, principally of pyrite and silica, which resulted in heavy replacement
throughout the porphyry stock and the surroﬁnding schist and limestone.

The pyrite mineralization in the porphyry and schist was mbre of the dis-
seminated type, while in the limestone it formed large irregular lenses of massive

pyrite. A period of fracturing followed the initial pyritization more or less along
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the older fractures, and brecciated the sulphide bodies along or adjacent to then.
Intrusive breccia then invaded the area along the existing fracture channels, pick-
ing up fragments of low grade pyrite as well as fragments of the other formations
along its course. The next mineralizing stage was copper bearing, apparently fol-
lowing the same channels as the earlier porphyry, pyrite, and intrusive breccia.
Fractures in the brecciated pyrite were filled with copper sulphide along with
slight replacement of the pyrite itself. The reaction on those pyrite masses which
were not brecciated was confined principally to the pyrite-limestone contact result-
ing in lenses of copper ore around low grade pyrite. Fractures were not present to
permit penetration of the copper mineralizers to the interior of these masses in any
appreciable amount. Where fractures did exist, lenses of ore resulted in the low
grade core. The main activity of the copper mineralizers was in the limestone, but
there was some introduction of copper in the main porphyry stock. Leéd-zinc miner.
alizers followed the copper, replacing the limestone in the extremities of the
pyrite-copper bodies.

Next was a period of erosion which cut down the upper Paleozoit into a
very rough irregular surface. The upper portion of the porphyry stock was leached
and the copper redeposited at the water table as a chalcocite blanket. Displacement
on the Dividend fault then dropped the southerly side into a protected basin under
a shallow sea, and the northerly side was elevated into a range'of mountains which
was subjected to intense erosion. Rapid erosion not only stripped the Paleozoics
from the north side but the chalcocite blanket of the porphyry stock as well, and
finally resulted in a peneplane at sea level. The basin to the south was, in the
meantime, filled with detrital material. Finally the entire area was dropped below
sea level and a thin blanket of detrital material was deposited on the north as well.

This detritus became the basal conglomerate of the Cretaceous. The remaining Cre-

taceous sediments were then deposited in shallow seas. The entire area was elevated;
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there was additional displacement on the Dividend fault; regional tilting to the
east; and erosion which stripped off the Cretaceous cover over the porphyry stock

and surrounding limestone.

AGE OF MINERALIZATION

The age of the mineralization in the Bisbee district has long been con-
troversial. It is believed that evidence uncovered in recent Pit operations has
settled the question beyond reasonable doubt. This evidence places it as post-
Paleozoic and Pre-Cretaceous apnd is as follows:

1. Pebbles of altered porphyry in the Glance conglomerate, which even micro-
scopically are indistinguishable from that in the main porphyry stock. Alteration
of the porphyry was an effect of the mineralization. It is evident that the por-
phyry pebbles were altered prior to their deposition in the Glance. The sbundance
of the porphyry pebbles in the conglomerate increases as the porphyry contact is
approached, indicating that the pebbles were derived from this stock, and not from
some other remote source of supply.

2. Pebbles of ferruginous silica in the Glance conglomerate which were ob-
viously derived from the oxide zone of the porphyry stock.

3. Pebbles of silicified limestone in the conglomerate in all respects sim-
ilar to silicification accompanying the mineralization of the limestone.

b, Complete lack of alteration of the Glance conglomerate where it is in con-
tact with the porphyry. The porphyry is altered yet the Glance conglomerate is un-
affected. BSmall veinlets of quartz cutting the Glance show a zone of bleaching for
a few inches on either side and a similar condition should have occurred along the
porphyry contact if fthe mineralization had been later.

5. The porphyry blanket of chalcocite and its capping more or less conforms _

to the pre-Cretaceous surface under the Glance conglomerate. This indicates that

.
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the enrichment is related to that early erosion period and not the one going on
today.

6. No ore has ever been found in the Glance conglomerate or sbove it.

Against such overwhelming evidence, the following arguments may be pre-
sented:

1. Fracture zones which cut the Cretaceous sediments are also important ore
zones in the Paleozoics. This is true, but is due to reopening of older fractures
after deposition of the ore.

2. Veinlets of quartz cutting the Cretaceous contain copper mineralization.
This post-Cretaceous mineralization is entirely different from that which resulted
in thé important ore deposits. The post-Crétaceous type is fissure £illing, while

the pre-~Cretaceocus type is strictly replacement.

Ore has been found in all the Paleozoic limestones; however, the most
productive horizons haye been the upper 300 feet of the Abrigo limestone, all the
Martin and the lower 300 feet of the Escabrosa, a total of about 1,000 feet. Most
of the production has been from these horizons. The reason for these productive

horizons is due to the physical property of the lime beds in that they are very

brittle and any slight movement would tend to shatter them, which permitted pene-
tration of the ore solutions. The beds above and below these horizons are elastic
and tend to either bend or break along one main fracture. The Paleozoic beds have
an average dip to the northeast of from 20° to 25o and the productive horizon con-
forms to this average dip, ever becoming deeper to the east.

A horizontal projection of thg ore bodies shows a semicircular arrange-
ment around the main porphyry stock with offshoots resembling the spokes of a wheel.

This arrangement is the result of replacement in the fracture and fault zones
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mentioned earlier. The semicircular pattern is due to replacement in the intense
fractures caused by the porphyry displacing the limestone. The radiating spokes
are along the northeast zones. |

Ordinarily, the copper ore bodies occur in close association with larger
bodies of massive pyrite. Commonly, copper ore lenses are found peripheral to a
larger pyrite lens on the limestone contact. Another type of occurrence is as
filling and partial replacement of the earlier brecciated pyrite. Lead-zinc miner-
alization occurs in the outer fringes of the pyrite and copper mineralization,
sometimes on the contact and sometimes as outliers. At times, in the thin bedded
Abrigo deposits, there will be a bed of copper ore sandwiched between two beds of
lead-zinc.

Much of the ore, particularly in the Briggs, Junction and Campbell areas,
is closely associated with porphyry dikes and sills. Ore may occur along the por-
phyry in contact With‘it, particularly where there is an irregularity or, more
favorably, an embayment in the porphyry contact. This association is due to struc-
tural relationships. Fractures which formed the channels for the intrusion of the
porphyry likewise were channels for the mineralizers. In addition, fracturing ad-
Jacent to the porphyry was intensified, due to the actual displacement of the lime-
stone, making an ideal host rock. With the exception of the main stock, replacement
of’the porphyry by copper minerals in sufficient amount to make ore is rare. In the

main stock there were important ore bodies of this type but in the outlying lime-

stone, apparently the affinity for the limestone and pyrite was too great for this
to occur.

The shape of the ore bodies is nearly always influenced by the bedding of
the limestone which it replaces. Some limestones influence it more than others.
Deposits in the thin, shaley beds of the Abrigo are practically always tabular, in

conformance with the limestone beds. Unreplaced shale and different textures of the
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sulphides in the ore body clearly show the original bedding of the limestones.
Likewise in the Martin, with its dirty but more massive beds, the deposits are us-
ually bedded but have greater relative thickness than the Abrigo type. Deposits

in the eclean Escabrosa limestone are usually thick and massive, with a tendency for
the vertical dimension to be greater than the horizontal, but even they plunge with
the bedding, but normally at a greater angle. The bedded type of deposits in the
Abrigo and Martin occur at the intersection of a fracture and a favorable bed, re-
sulting in a deposit with elongation along the breask, and a rake corresponding to
the trace of the bed and fracture intersection.

The type of limestone in which the deposits occur also influences the
ground conditions for mining pufposes. Deposits occurring in the Abrigo and Martin
limestones usually require some timber method of mining because of the poor bond
between the beds due to the shaley partings. The thick, massive ore bodies of the
Escabrosa usually stand better, permitting some open type of mining method.

Size of individual ore bodies is quite variable, from a few thousand tons
to--in exceptional cases--over a million. Possibly a third of the ﬁroduction today
is from ore bodies of less than 10,000 tons, a third from ore bodies of l0,00C to <L
25,000 tons, and the remainder from ore bodies of over 25,000 tons. A

In the ore zones, intermittent lenses of ore may be found over>quite a
long range, both vertically and horizontally. The Denn Side Line ore zone has been
productive for over 2,099 feet vertically in an area about 2,000 by 500 feet hori- <
zontally moré or lessuggggilel to the Dividend fault. The Baras-Home-Reindeer ore
zone has a vertical extent of over 1,000 feet and a horizontal of about 300 feet by
1,200 feet.

The depth of oxidation is extremely irregular. Practically all the mining

in the western part of the district was from oxide ores. In fact, Dr. Ransome held
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little hope for the primary zone when he first examined the district. As the de-

posits became deeper to the east, the proportion of primary ore increased. Certain
zones of oxidation are very persistent and extend to a considerable depth. A small
oxide ore body of native copper and cuprite was recently mined on the 2433 level of
the Campbell mine, and another oxide zone was cut on the 2700 leVel of the Junction.

This deep oxidation is due to downward flowing ground water in the ore zone frac-

tures.

PORPHYRY ORE

Leaching and redeposition of the copper in the main porphyry stock south
of the Dividend fault has produced a chalcocite blanket of copper ore. Fracturing
of the stock influenced the enrichment process by permitting thorough leaching,
chahnelling of the percolating waters, and by permitting intimate contact with py-
rite grains for precipitation. The transition from the oxide capping to the sul-
phide zone, although abrupt, is very irregular. Pendants of oxide extend to con-
siderable depths along fractures in the sulphide zone and, likewise, sulphide of
the undisturbed porphyry into the oxide zone. Leaching of the capping is thorough.
It contains, in general, only traces of copper. There is no mixed oxide-sulphide
ore such as is common in this type of deposit. Sulphide content of the ore is from
15% to 18%, practically all pyrite. The pyrite has been fractured and a thin film

Mhﬂ*ﬂ”ﬂ RIS 3 s i
of chalcocite has been depos1ted on its many surfaces. This intimate filming of

chalcocite on the pyrite adds to the metallurgical complication.

The chalcocite blanket dips to the east in conformance with the bottom
of the Glance conglomerate which covered a considerable portion of it. The ore 1s
"from 50 feet to as much as 400 feet thick, the thinner portion being to the west at

S,
Sacramento Hill where the porphyry is very siliceous and compact. The oxide capping,
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too, is thinnest at Sacramento Hill where the leaching process was slow, and also

where it was exposed to erosion.

" NOT FOR PUBLICATION

A, I. M. E,
Geology Subsection
Bisbee, Arizona
May 26, 1956
HEM:c



Crelfacfo rs

&
Cinturg 9 Fod rodulor shates witt cross Ledded, bafr
Forerraticr % Fawrty g red Sards/ore.s

~N

v

pY

N

R T Thich-trec/ded, Hard, grey, Ffossiliferows Jirrestorne

ALrra? by 11
L/rrtestore N S e

@ ——,———rl~ T THhrir7 /TS, arormac e s, FOSSI?iferows 2rirriestornes
Mo rirfo A , .

[y Ber e, /”aw/r?)/, @rred rrE SOOI S Or?e s Frrd A
Forrrefrorn g red skhales

Q

~
Glarrc e § Ry Begded cormglomeralte Witk pobbles of SciiSY
C"Oﬂg?omﬂfa)‘e N ‘%\ 7y PrrreStore, Quartzife @rs [Porpfyry

urrco rrt or‘fﬂify ™

Frirmeipally lrght-grey, Corrpactl lrarrestOrme 17

N
S
N
N
~ v t bl oF rroderale FIHickrreSSs Witk SwebBorotrrrale
\ o= % Shaltes. Com/far7s @barrdarS FOSS5IAs,
b Lirre sl orre Q
N , ' )
IN . . \
) Jumiper Fralt grarite g Irrfrercl el /1rrfo Cariorniferows grod older roci s,
& @rrel relared gramife S
arne! rhy olite Porp/ryr)r
Socramrenfo porphyry
. b3
4 Escabrosg AN TH#rrch-bocldec! WAIFP o Y Ghr G Gramalar Jrirestone
2 Lirrros o7 g
b3 N
§ AT Frr7 .%'l; LPark -gre) FOossiliferows Iimrestores it Leds of
K S ‘g\\ roderale Fhrckrress Wittty Subordirralfe SHLolEs.
unconformity €71
N Flrigo by . .
] 9 T#rir7- B AT, [ r77f7err e, CFPFr ) PIrrPerSsSt Orrers Wit
t Lirmestorre l‘t SOI7® CAICTreOLrS SHGIeS, SGrmdy Foward 74¢ Ffop.
Q
N T » ;
Boldse Q Mocle ~afaly Ihick, cress-Bedded 7aar{; fes @
\)h @ua/‘)fj’//'t.’ 3)1- GrACSiE Grifs, wity, basol! Comglormrerare.
urrcor?form ity
N .
1 Q FPrezve? Sericife sctr/shs.
G| Scsmist
0& \
\

BISBEE, ARIZ

Corumnyveare SECTION
SELIMENTARY OChk S BISBEE ,ArIZ.

Frorrs £ L Foorrs Orrre



=l el > " ’ \
x X « ~ +
=T XS

x x 2 + % L
X Y ”
x X - - P
—_— T /@ o s - *

- - - - Ry x %
R g T T N *
N7 e -——

O pe T FEASY v 0 A\ T
- - ; e e - R -
\// - ,/ - e . [ . X % *

! \\’/’/' '/////" L S PR » % a
¢ . T Y
S e e ‘\'- ..—/_' N + N
[ 8 e L N . ] W
ro v ' T LA Y
- et r \ LY '\ «x
~ - _ ; ; \
‘ ARY
- ! AEEY ~
x b o ,//, X
. -
[ B / e
. ~ . . X
’ . e
. ' . Ryl |
l " R P
* . ) v, /
“Low Grade Py rifte -
\ ' N ° ‘& N\ 6‘0\‘9
-~ - . . .
* - W \ ) * ,\' A—‘Ao‘m
+ - B
” ) \’ Lt N
0‘ - ’
T ) .
‘ . iy .‘ .
. \_//
—
. t /7 -~ /
-

[0S
S
o2

Soals

m’nf"—' Pt | \(
o .214/0 20 30 4o 4o 700 FEET

SV RPITE FFERIFHERY ~ FORFH Yy /oy CONTAC 7T L2E,05)T

SISBEE, Az,
L-20-85¢



Secole

100 Fesy

B0

10

Q.5

(|

Be afc/,,:77
—Z

M“-.\“N\

Sectrieorr A-A

Ty rereal AsrIco ] yrPE OFE DeEP,Pos!T

LBrSSes, A2,

4-2o-S&



| @
Milling Braci:ice at the Lavender

Pit Concentrator

by H. K. Martin

NOVEMBER 1957, MINING ENGINEERING—1229 .‘i/

£3 9 Awvev, o LUl e



H +

@:sican SmTinG AN BRFIHING ©

“Bon Fvemolsg

BT
~
v i

: | 2

Csale

tepday Mo, John Hope, esplovation geclogist with Pheipse
Dodge, told me of a geophysicel mothod vhich in beling used suceessfully
10 Tind sulphide replassiont ore bodles in the Disbes Distried, Though
you probably eve afwe of the method, 1% wes news to mo ond T an napsing
1t along to you sp boing of posoibie penoral Intersst because ore is
being foumd, M. Hopints kewifledps of geophysies is enly gentral as is
mine, so in the following deseription uo pretention ls nade of wnderw
stending techniesl detalls, o | . . |

A gravimeber called the Frostmeter($10,000) is vsed underground,
nob on the surfage, Readings ere taben in verious parts of the several
wived wiles of mdergroond workings In the distrlet, Thia work is wder
the drestion of a Mr. ¥ilol it hes been godng on for a esuple of yeorsy
gnd consddersble werk remains Yo te done, Apparently the idea Jor thin
use of the gravimeter 4id not originete with 316 bub he has had o ok
to do with developing the technigue, The mothed wes first tried out on
the kmown Cappbell ore body, o lerge, massive sulphide replacement with -
gboolutely no slterstion hals, Thelr snomaplies deffined the shape and po=
gition of the ore body very scoupshely. Since then, they hawe found 8
number of other sacnmilss of sualler dimensions mad driliing of thoss
hes found ore in every case. Though these ore bodles have sll been 00Re
saratively muell, the suocess of the mothod hns been smply demonstrabed.
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. . The undergrovnd stabion readings sre corrosted for surfnes topogrepty fo
for an srea shove the ghbblonm with 2 radivs of ghoul ene-quarter nile, This '
eorvection is very intrieste. 4 olroular grid eontaining concentrie rings
‘@ivided dmto mathemst oally procige meghents of diffsrent sises, is eentered
on the seefase conteur map over the giation, Depending on Sutgracetions
with this grid, cleovations sre lsboricusly plotited on carfe. These cexds ere
then put through e 15 machine ab a cost of U25.00 per steton. As I under.
gtand it, & couple of thess staticns with thedr corvections ave prtabliched
sovorsl hundred fect spart uvndergroucd. Shen iIntervening readings wre Hafren

ond the two corrections somehow are edfusted to epply to thowe invervening
< shabtoms, N 7
. 1 spologize for the crude dature of this degeripiion but vould be
. interested In having yowr coments ebout the methed., -
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