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THE. ::OUK?AlIj :1AID ORB BODY, BISSES, arizcsa

b y Or I- JUI FEIIG-

SIHYARY

This T>arer chiefly reels v?ith the fountain I'aid 
ore body, Bisbee, Arizona.• The ore shoots occur mainly 
on the 2,200-, 2,ZOO-, and 2,43Z— levels of the Junction 
mine and are contained in the Escabrosa limestone of

Mississippian age. The localization of mineralization 

seems to have been controlled by the intersection of 

faults with favorable limestone beds and the blocking 

effect of an impermeable andesite which is intruded into 

the limestone as an irregular sill.
The andesite was formerly regarded as "granite 

nornhyry". Judging from its composition and texture 

it is noCT classified as andesite.
Hydrothermal alteration of the andesite is intense 

and ’•'ides-read . The tyres of alteration recognized 
include sericitization, chlcritizstion, silicificaticn 
and nyritization. But the limestone is only recrystallised 
and silicified.

Chalcopyrite is the dominant ore mineral. Bornite,
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chalcocite, shhalerite, galena, hematite and other ore 

minerals are rresent only in small amounts. But sphalerite 
and galena and hematite become more important in or near 
the border These of the ore shoots. Calcite, quarts 
end rhodocrosite are the common gangue minerals.

Oxidation has extended as deep as 2,4Z™ feet belov; 
the present ground surface, resulting in the formation 
of bornite, chalcopyrite, covellite and others. But 

economically the oxidation effect is net important in 
the ore body.

The ores are believed to have been derived from a 

deeper-seated source. Their relation to andesite is 

rather structural than genetic. Therefore the andesite 

can be used as a criterion for explaining the localisation 
of ore shoots and as ore guide in searching for ner ore 
bodies.

' ' ir'TBOrU ""TlOh -

Scope of Investigation

During the Easter holidays from Uarch 25 to April 
1, 1948, the writer had an opportunity of investigating

a part of the Bisbee mining area, Arizona. Tv/o days 

were spent in the field for studying the surface geology, 

three days for underground investigation, and one day for
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studying the geological naps filed in the Engineering 
Department of the Copper Queen Branch, Phelps Dodge 
Corporation.' This report is the result of the field 
work and of laboratory study from April 5 to Liay 10, 

1948.

Location and Extent of the Area
;

The ore body studied is in the Mountain Maid claim 
in the Junction mine about 700 feet southwest of the 
Denn shaft. The shaft is situated about 8,500 feet 
southeast of the town of Bisbee and about 1,700 feet 
northeast of Lowell.

The writer examined the Junction mine from the 
8,100 -level through the 9 ,880-level; but"the present 
work was largely done on the 2,200-, 2,Z00-, and 2,433- 
levels where the main portion of the Mountain Maid ore 
body occurs. Some specimens were collected from other 
levels and from adjacent ore bodies of the same mine.

Two specimens from the 1,700- and 1,800-levels of the 

Junction mine were kindly furnished by Mr. M. S. Lindholm.

Acknowledgements

The writer is indebted to Doctors 5. S. Butler and
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I'. II. Short for arranging the trip, guidance in the 
laboratory and criticism of the manuscript. Cordial 
thanks are due to the officials of the Copper Queen 
Branch, Phelps Dodge Corporation for permission to 

investigate the nine and to use the geological maps of 
several levels and to Messrs. C. Trischka, M. S. Lindholn, 

P. Mosher, D. Britt and J. Schisster either for supplying 
the writer v;ith some information or accompanying him to 

rork underground.

Previous TIork

Publications on the geology of the Bisbee mining 
district are many. The first detailed account •mas made 
by Ransoms in 1904. The Junction mine has been covered 
by his classic nap, but.the underground mork, particularly 
in the east part of the area, 7/as just begun at the tine 
of his visit. Mere recent papers treating of the geology 

of the district include one by Bonillas, Tenney and 
Feuchere and a later one by Tenney. A general report on 

the district by Trischka and a paper dealing v?ith its 
structure by Rove are the latest.

The underground geology of the Junction mine has 

been mapped by the geologists of the Copper Queen Branch, 
Phelps Dodge Corporation, under the direction of Trischka. 

Descriptions of the mineralogy and mall-rock alteration 
of the Bisbee area have been made by Schmartz.
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GENERAL GEOLOGY

For better understanding of the Kountain Raid ore 

body, the general geology of the mineralized area of 
Bisbee will be briefly described in the following pages,which
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is largely summarized from the reports by Ran so me-*-, 
Tenney* and Trischka5.

1. Ransoms, F. L. Geology and ore deposits of the Bisbee 
quadrangle, Arizona. U. S. Geol. Surv. Prof. Paper Ho.
21, 1904.
2. Tenney, J. B. Copper deposits of Arizona: Bisbee dis
trict. Copper Resources of the Y/orld, edited by the 16th 
International Geological Congress, Y7ashingtc9,1952, p.22l- 
228, 1935.
5. Trischka, C. Bisbee district. Some Arizona Ore Deposits. 
Bull. Univ. Arizona and Arizona Bur. Mines, vol. 9, no. 4, 
p.32-41, 1958.

Sedimentary Rocks

The following is a table of the formations cropping 
out in the district.

Pre-Cambrian. The oldest rock is the pre-Cambrian 
r'inal schist rhich cro^s out mainly in the northwestern 
corner north of the great Dividend fault. It is a quartz- 
sericite schist.

Cambrian. Unccnformably upon the schist are the 
Cambrian strata which comprise the Bolsa quartzite, 440 
feet thick, in the lower part and the Abrigo limestone,
798 feet thick, in the upper part.

Devonian. The Cambrian is disconformably overlain 
by the upper Devonian Martin limestone which is about 500 

thick and highly fossilifercus.
Mississinnian. The Martin-, limestone is directly 

followed by the heavy-bedded, chert-bearing, Escabrosa



(7)

limestone of Llississippian age about 768 feet thick.
Pennsylvanian. The Pennsylvanian is represented by

the Naco limestone which is about 3,000 feet in thickness

and contains abundant chert bands and nodules.

..... Cretaceous. Unconformably overlying all older rocks
• , 

is a great sequence of Cretaceous limestones, sandstones,

shales and conglomerate.

Igneous Rocks

An intrusive stock of reddish granite cuts the Final 
schist in Tombstone Canyon northwest of the mineralised
area. It is believed by Ransoms to be post-Carboniferous

1and ^re -Cretaceous. ; but a nre-Cambrian age is assigned

1. Ransome, F. L. on. cit. p. 84.

to it by later investigators^.

2. Tenney, J . B. op. cit. p. 221.
Trichka, C. op. cit. p. 32.

T7ithin the mineralized area smaller igneous bodies in 
the form of stock, dike and sill are of common occurrence 
and many of them have been encountered underground. The
largest one is the stock in Sacramento Hill. It is general

ly believed that the dikes and sills are connected with the 
Sacramento Hill stock and that they all bear a close relation 
to the ore bodies. The dominant rock tyne making up the
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various forms of intrusive masses is described by Ransome 
as granite porphyry and is held by him as the equivalent of 
the Tombstone Canyon granite stock-*-. Trischka also classi-

!. Ransome. F. F.. op. cit. p. 81 and p. 84.

fies the intrusive rock widespreadly distributed in the area 

and closely associated rith the ore masses as granite porphy
ry and regards its age as post-Carboniferous and pre-Cretace- 
ous^. But according to Tenney it ranges in character from

2. Trischka, C. op. cit. p. 52-41.

granite porphyry to quartz-monzonite and is of late Cretaceous 
or early Tertiary age^.

5. Tenney, J. B. on. cit. p. 225-226.

The igneous rock, as dikes and sills in the underground 
of the Junction mine and Mountain Maid claim, is also mapped 
as granite porphyry by the geologists, of the Copper Queen 
Branch, Phelps Bodge Corporation. But the present study 

finds out that it is not granite porphyry but andesite, rhich 

mill be detailed in the following section.
A real reddish granite porphyry mas seen by the writer 

on a mountain pass between the Quarry and Esoacado canyons.

It is intruded into the Cambrian Abrigo limestone and 
probably corresponds to Ransome* s granite porphyry.
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Other igneous rocks of the district net observed by 

the "Titer include a gray mica-diorite-pornhyry or monzonite 
dike of nost-Oretaceous age in the Glance mine and a 
decomposed greenish fine-grained basalt or dolerite in 
the Paleozoic rocks southwest of Bisbee as noted by Hansome; 
a hornblende andrsite as described by Tenney and a post- 
Cretaceous andesite as recognised by Trisehka. Apparently 
all these rocks may be of the same rock type, their different 
names being probably due to the different classification 
used by these authors.

Geologic Structure

The mineralised area essentially constitutes the 
eastern limb of a broad dome or anticline rrhich has a 
nerthmest-southeast trend and makes up the Hule Mountains. ' 
Thus the strata from pre-Cambrian through Cretaceous 
generally dip northeast at about "0° and successively crop 
cut.in ascending order from rest to east.

However, this simple anticline is broken up not only 
by the "intrusive bodies as mentioned before but also by 
a number of fault zones. One of the dominant structural
features is the nearly east-rest Dividend fault rhich has 
cut the area into tv;o blocks, the southern one throrn derm 

about 2,500 feet rith respect to the northern and forming the
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^resent mining district.
,rithin the southern block the fault zones generally 

trend 1F°-70C east of north rdth a steep westerly dip and 
cut the Dividend fault at about right angles. Seme of 

the important fault zones in the east part of the area 
are the Junction, Ilexican Canyon and Campbell.

It is to be noted that the distribution of the 
"granite porphyry" or andesite as classified in this paper 

in general follows the pattern of the fault zones and that 

most of the ore bodies outside the contact zone surrounding 
the Sacramento stock are closely associated rith the 

northeasterly trending faults.

THE "GR^EITE PORPEYEY" FROBLEE

From the foregoing section it can be seen that different 

names have been given by different authors to the intrusive 
rock which is widespread in the mineralized area both on 
the surface and underground and which bears an obviously 
close realtion to the ore bodies. But "granite porphyry" 
seems to be the popular name for that rock as commonly 
found in the literature of" Bisbee geology.

Ranscae's observations were mainly confined to the 

surface geology and open pits then developed; it is thus 
difficult to compare the rocks he described to the intrusives
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encountered in the deep rorkings to the southeast rhich 
v;ere opened after his visit. neither Tenney nor 
Trischka has given any detailed petrographic description 
for the so-called "granite porphyry", although they have 

repeatedly referred to it in their publications.

The "granite porphyry" seems more abundant underground 

than on the surface. In the Junction mine several dikes, 
and sills have been met rrith. Both their extent and 
form are usually very irregular. They are generally held 
to be offshoots spreading out from the stock of Sacramento 
Hill.

In the Hountain '.laid claim the "granite porphyry" is 
intruded into the Bscabrosa limestone as an irregular 
tongue like sill extending approximately from northwest to 
southeast. It is a green to greenish gray, massive, dense, 
aphanitic rock generally T?ith less than 5 per cent of 
phenocrysts, v/hich measure' "from one to tvzo millimeters 
across. It is only slightly mineralized even near the • 

contact with the ore shoots as shown by the sparsely disse
minated pyrite granules^. Despite this, the ore shoots of

1. To the northwest of this claim there is a large" mineralized 
area within the Sacramento Hill stock which has produced most 
of the disseminated ore in the district.

of the claim are clearly associated in space with the "granite 
porphyry" Just in the same manner as Other oTe bodies in the
area
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Under the microscope the igneous rock from the claim 

is composed essentially of a fine grained aggregate of 
sericite and chlorite with subordinate quartz (Plate la).

Many of the thin sections show a distinct "felted" stru
cture consisting of numerous tiny lath-shaped crystals of 

some mineral. Judging from its crystal form this mineral 

was obviously once plagicclase although it is now entirely 
occupied by fine sericitic aggregates. Other slides 
exhibit a confused fine-textured groundmass with small 
elongated tabular crystals of plagioclase almost completely 
sericitized. The interstitial material usually consists of 
very fine aggregates of sericite, chlorite and subordinate 
quartz.

Various kinds of phenocrysts are present. Some of 
them have a broad or elongated prismatic form and show a 
pronounced zonal structure with a narrow border zone of 

coarse sericite, a wide intermediate zone of fine sericite 

and a core of coarse sericite, chlorite and quartz. They 
are certainly pseudomorphs after some zoned plagioclase.
Some of the phenocrysts are made up of chlorite with sericite 

along prismatic or pinacoidal cleavage directions. This 
type may be derived from some amphibole or pyroxene for 

they also occur as well-defined cross-sections. Their 

crystal outline and cleavage are frequently emphasized by 
granules of iron ore. In addition, a few phenocrysts
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of biotite with distinct basal cleavage are present, but 
the cleavages are extensicely decorated with brown dusts 
most'probably of iron ore. Chlorite also feras between 
its cleavage . In some specimens' phene cry s tic quartz was 
noted, occurring as groups of anhedrons with different 

orientations and often exhibiting "wavy” extinction. This 
feature suggests the presence of some mechanical distrubance 
after the formation of the quartz. The total amount of 
quartz may be as much as 15 per cent, but it averages net 
more than 10 per cent. ,

Well formed crystals of apatite and granules of iron 
ore are the only accessories. Pyrite occurring as small 
cubes is widely disseminated in the rock which was evidently 
introduced during the episode of mineralization.

From the preceding description it is obvious that the 
rock above described is definitely not granite porphyry as 

referred to by most investigators. It resembles andesite 
in structure and mineral composition. Moreover, it is not 
a porphyry but a massive aphanitic rock for it has only a 

small proportion of pheccrysts (less than 5 per cent).

Admittedly the rock in question has been so intensely 

and extensively altered that no fresh specimens can be found 

arid that its original chemical and mineralogical composition 
can hardly be figured out from its present status. However,



(14)

the abundance of plagioclase, the presence of zoned plagicclase 
and of amphibole and pyroxene, and the rarity of quartz, all 
suggest an intermediate or basic character for this rock. It 

thus seems logical that it be classified as andesite or some 

related variety of this rock type. Of course further rork is 

required to determine whether the rocks described as granite 

porphyry in adjacent areas are also of andesitic character•or not; 

but if the former correlation of the so-called granite porphyry 
is correct, it seems possible that they rill prove to be ande
site instead of granite porphyry,

. THE DOViiTm; MAID ORE BODY 
Form and Extent

The Mountain Maid claim is covered by the Cretaceous 
Glance conglomerate and lies in a fairly flat country. The ore 
body occurs mainly on the 2,200-, 2,500-, and 2,455-levels, though 
it has. its apex at the 2,100-level and extends dornnard to the 

2 ,500-level. It comprises several ore shoots separated by 

less mineralized or barren rail rocks; but as a rhole it appears 

to assume a lenticular tongue-like form pitching southeast and 

branching in several directions. Its maximum extent is about 
200 by 250 feet on the 2,455-level (Plate IV).

Like most ore bodies in the area, the Mountain Maid ore 
mass runs much higher in copper content in its periphery than 
its central nortion, although the boundary between the richer 
margin and the lean core and between the margin and the wall 
rock is extremenly irregular.

In the main ore body the chief ore minerals are sulfides of



(15)

iron and copper. .. But toward the margin or at some distance 
from the ore shoots distinct veins and stringers essentially 

of sphalerite or hematite appear, v-hich definitely follovr 

certain fractures from the ore shoots to barren rail rock. 
Their thickness ranges from fractions of an inch up to 
several inches.

Structural Features

The geologic maps prepared by the Engineering Department 
of the Copper Queen Branch, Phelps Dodge Corporation, shor 

that the L'ountain I.!aid ore body lies betreeh the Llexican- 
Canyon and Campbell fault zones rhich trend approximately 
north-northeast and about 500 feet south of the Dividend 
.fault. The country rock is principally the Escabrosa 
limestone, striking about ncrth-northr:ost and dipping east 
at about 30°.

It is difficult to determine the structural relations 

in the underground because of the cement covering on the 

walls of crosscuts and inaccessibility of some workings. 
However, at two stores on the 2,433-level the structure of 
the ore shoots is fairly clearly shown.

At locality Mo. 2 (Plate IV)is a fault marked by a 
fault breccia. It is across a H-S crosscut and hence the 
trend of the limestone and appears to be a normal fault, 
striking approximately northeasterly with the hanging wall
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dipping steeply to the southeast. The breccia consists of 
subangular to angular rock fragments of marble, andesite and 
chert, ranging in size from less than an inch to over one 
foot and cemented by sulfides of iron and copper. VTnile 
some fragments are entirely replaced by sulfides with their 
angular form preserved, others, particularly the chert', are 
only slightly mineralized. But on both sides of the fault 
occurs high-grade ore. These relations clearly indicate 
that the fault is certainly of pre-mineral origin and that 
it may have served as a channelway for the ore-bearing 
solutions. Thus the solutions came up along this fault and 

deposited their load at the intersection of the fracture with 

favorable limestone.

Another normal fault passes through localities KTos. 5,
6, 7, 8 and 9, trending about east-west and inclining steeply 
to the south. On its south hanging rail a stops is being 
worked; but at a short distance farther .south it gives ray 
to andesite and appears to interfinger with the latter. The 
foot rail is made up of silicified limestone or jaspercid 
carrying only small amounts of sulfides near the fault. It 
is practically a fault zone with a continuous but irregular 
breccia belt about 6 feet ride. The fragments of the breccia 
composed of andesite, silicified limestone and chert, show 
both unusual, rounded and angular form and range in a-
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size from less than an inch to more than 4 inches. The 

matrix consists of aggregates of calcite, ankerite, siderite, 
rhodochrosite and/ or a greenish- phyllitic material. Only a 
little sulfide is sparsely disseminated through the breccia. 
Other features associated vith the breccia are slickensided 
shearing planes and fault gouge. The stress seems to ' 
have been so strong- that the mineralized andesite, ore and 
silicified limestone have been dravm into lenticular masses 
parallel to each other and to the horizontal and bounded 
by slickensided curving faces. The fault seems to be 
essentially post-mineral for the ore is also involved in 
the shearing process and the mineralized fragments are 
enclosed bk an unmineralized matrix. However, in vier of 
the close association of the fault and ore it may be of. 

pre-mineral origin,but reopening after mineralization.

Other structural features seen underground are small 

scale fractures. They generally strike northeast and 
incline steeply rest, but do not carry any ores, indicating 
their post-mineral age.

Relation of Ores to 'Tall Rocks

In the llountain llaid claim the rail rocks of the ore 
shoots are limestone or limestone and andesite. The limestone 
is a gray, thick-bedded rock and often contains abundant
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chert bands" and nodules. In many places, particularly 
close to the ore shoots, they change to silicified type 
or -marble. According to the geologic naps of the Phelps 
Dodge Corporation it is the Escabrcsa limestone. The 
andesite is a green or grayish green rod: rith dense and 
aphanitic texture. .... As already mentioned it forms an • 
irregular tongue-like mass or sill intruded into the 
limestone.

Above the 2,100-level the andesite is the dominant 
rock where no high-grade ore has been found. At the 2,100- 
8,200-, and 2,500-levels the ore shoots are entirely contained 
in the Escabrcsa limestone, where the andesite tongue occurs 

about 150'feet to northwest. • On the 2,455-level where the

■ stopes increase considerably in length, the wall rocks are 

limestone on the south and west sides and andesite on the 
other two sides. Ho high-grade ore has been met on the 
2,566-, and 2,700-levels where the andesite occupies the 
largest area. These relations indicate that the' limestone 
'is mere favorable for ore deposition than the andesite.
This nay be readily explained in terms of permeability since 

the relatively coarse, fractured, and chemically active 
limestone was undoubtedly more susceptible to replacement 
by the ore solutions than the dense, massive and siliceous 
andesite.

However, it is a fairly well established fact that
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the ore shoots like to foil or? closely the andesite. As 

pointed out by Trischka the andesite may be used as a guide 

to ore, for ore may be found on its s i d e s . T h i s  is perhaps

1. Trischka, . G. op. cit. p.4l ..

simply owing to the fact that their emplacement might have 

followed the same structural breaks though at different times.
But on account of its relative impermeability the andesite may 
also have acted as barrier to block the upward movement of 
the mineralising solutions, causing them to soread and deposit 
in the underlying limestone. In this connection, the andesite 
may be well compared with shales'5. • - .

2. " Butler, B. S. Geology and ore deposits of the San Francisco 
and adjacent districts, Utah. U. S. Geol. Surv. Prof. Paper 
l:o. 80, p. 150, 1915.

While some ore shoots change gradually into lean or barren 
wall rocks, others show suprisingly sharp boundaries against 
barren limestone. The abrupt contact may be due to structural 
disturbance as suggested by Trischka0, but it may also represent
3. Trischka, C. op. cit. p. 35.

the farthest "front" the ore solutions could have attacked.
Considerable amounts of lead and since sulfides and hematite 

and manganese minerals are found as veins or stringers near the 
the margin of the ore shoots and in adjacent wall rocks. Lime
stone seems to be the only favorable host to these minerals, 
since they have never been seen in the andesite.
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V.TiLL ROCK ALTERATIOir

Under the head of wall rock alteration are usually 

included two types, of alteration effected.in wall rocks 
surrounding, an ore body, namely, contact metamcrphism and 
hydrothermal alteration, although they differ greatly in 
soace, time and origin. Contact metamcrphism occurs in 
rocks at or near intrusive contacts by magmatic fluids. 
Pneuniatolftic conditions may prevail. Tilth hydrothermal 
alteration the rocks surrounding the ore body are altered 
by hot waters' of magmatic origin. It may be a little 
earlier than or accompany the ore deposition, but it is 
definitely later than contact metamcrphism.

It is known that contact metamorphism in the area 
under study is not strong even close to the stock of 

Sacramento Hill. Marblination is the only recognizable

and- widespread netamorphic phenomenon in the district.
However, hydrothermal alteration is known to be considerable. 
Silicification, sericitization, argillization, chloritization 
alunitization have been recognized in the "porphyry" in

'' X p -Sacramento Hill by Ransoms , Trischkaf, and Schwartz0.

1. Ransoms, ?. L. or. cit. p. 35-84.
3. Trischka, C.cp. cit. p. 55.
5. Schwartz, G. II. Hydrothermal alteration in the "porphyry" 
copper deposits. Econ. Geol. vol. 45, p. 544-545, 1947.

According to Schwartz quartz and sericite are the dominant 

alteration products in Sacramento Hill and, in addition,
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epidote and carbonates are present in specimens of the 
11 porphyry’1 from other places outside Sacramento Kill.

In the Mountain Liaid ore body marblization and hydrother
mal alteration are also notable. The limestone is gnerally 

more or less recrystallized and close to the ore shoots it 

may change to a coarse vzhite mable as mentioned before. It

is to be noted that the marble is usually free from ore 
except for a number of sulfide veinlets.

It is the andesite that shors the most pronounced and 
videsnread hydrothermal alteration. As already described 
the,andesite is characterized by the complete replacement • 
of feldspar and ferroaagnesian minerals by sericite, chlorite 
and quartz. . No argillic minerals or epidote have been 
noted, but chlorite seems to be more abundant than in the 
specimens described by Schwarts. Pyritization is extensive.

It is certain that a considerable proportion of the 

quartz contained.in the altered andesite is primary, but 
secondary quartz seems predominant. While the secondary 
quartz is clear and tends to show crystal outline, the 

primary quarts is usually anhedral and corroded by sericitic 

replacement. Biotite appears to be more resistant to 
hydrothermal alteration than other minerals, for its alteration 
is only marked by freeing of iron and development of chlorite 
along cleavages (Plate la.). This differs from the observations
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made by Schrartz '"ho . said that biotite is particularly 
susceptible to changes'^. ;

1. 'Schv’artz, u.‘ !.!. o p . cit. p, 547.

The limestone exhibits no hydrothermal alteration but 

silicification and pyritisation, v;hich the former at some 
places results in a jasperoid.

It seems interesting to compare the types of alteration 
which the andesite and limestone have suffered. while 
the changes in andesite are complicated, involving subtraction

and addition of certain constituents, the limestone is simply 
silicified and pyritized. - If the alterations occurred 

principally at the same time and cere brought about by the 

same solutions, a question naturally arises rhy different 
hinds of rocks shor different types of alteration. The 
right answer nay be largely in the difference in their 
original mineralogical and chemical composition. But since 
addition of potash is called for in sericitization,.the 
process-must have been selective so that the andesite has 

attacked whereas the limestone was not. .Such a selective 
replacement seems to"be impossible without corresponding 

removal of some sonstituents. Since nothing seems to have 

been carried away from the limestone, potash might have 

been unable to get in it.
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KYF0G-21IE ZONING

It has been mentioned in the preceding pages that in 
some places sulfides of zinc and lead and oxides of iron 

and manganese occur in veins and stringers in the border

phase of the ore shoots and in wall rocks. Such a dis
tribution is obviously an expression of hypogene zoning of 
metals.

It has been pointed out that the zinc and lead ores 

are located exclusively in limestone and that their deposi
tion is mainly in fractures. This is also true for iron 
and manganese, although hematite replacements in limestone 
seem equally common. They all appear to encircle the ore 
shoots rather than the andesite, but zinc and lead occur 
separately from iron and manganese.so that their interrela
tionship is not clear.

Nine and lead are much more abundant than iron and 

manganese. But as compared with copper, zinc and lead ores 

may be negligible with respect to economic value . This may

1. Considerable zinc and lead have been mined from other ore 
bodies, particularly in the west part of the area.

be explained by the assumptions that the original ore solu
tions were rich in copper with only small amounts of zinc and 
lead and that the existing physico-chemical conditions were 
favorable only for copper concentration.
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THE ORES

As elsewhere in the Bisbee area, there are two main 
classes of copper ares in the mine. One is high-grade ore 

and the other is low-grade sulfide. The high-grade ore 

appears to consist almost entirely of massive chalcopyrite 

with negligible gangue minerals. But when observed on 
polished sections under the microscope it is frequently found 
to contain considerable" pyrite and some quarts and calcite.

As stated previously the high-grade ore may either 
change gradually into low-grade sulfide in the central por
tion of ore shoots or abruptly give way to limestone or 
andesite. The low-grade ore is made up of pyrite with sub
ordinate chalcopyrite. Coarse grained or massive pyrite 
seems to be the common type of the mineral in the low-grade 

ore, while it tends to be finer and granular in the ores of 

high quality. This might be expected,for the grain-size of 

pyrite probably depends upon the.degree of replacement by 

chalcopyrite and other sulfides.
Other sulfides recognized are all present in small 

amounts. They include, in order of abundance, sphalerite, 
bornite, chalcocite and galena. Sphalerite and galena 
are closely associated with pyrite and chalcopyrite in a 
gangue of calcite, rhodochrosite, siderite and quartz.
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Chalcocite and bornite are always intermixed.

All the ore minerals appear to be free from oxidation. 

But a little supergene bornite, chalcopyrite and covellite 
of microscopic•size occur as deep as the 2,435-level. In 
the area oxidation of sulfides has been reported from deep 
workings as far as the 2,200-, and 2,500-levels^. Through

1. Schwartz, G. !.!. and 0. ?. Park, Jr. A microscopic study 
of ores from the Campbell mine, Bisbee, Arizona. Boon.
G-eol. vo 1. 27, p. 59-51, 1932.

Trischka, 0. op. cit. p. 39.

the present study the zone of oxidation is thus lowered 
123 feet.

The specimens furnished by Mr.. Lindholm came from the 

1,700- and 1,800-levels of some ore bodies of the Junction 

mine. One (from the 1,800-level) consists mainly of native 

copper and cuprite with a little native silver. The other 

from the 1,700-level is largely chalcocite replacing bornite 
with some chalcopyrite and pyrite. While the latter four 
minerals are regarded as hypo gene, the former three are 
clearly supergene.

DESCRIPTION AMD PARAGENESIS' OF ORE MINERALS......

General Statement

This section is devoted to the description of the ore 

minerals. On the basis of their texture and structure, 

paragenesis of minerals, that is, their interrelationship,
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sequence of deposition and origin, v/ill be inferred.

A collection of 30 specimens- of ores vzas taken from 
the Mountain Maid ore body; most of then came from the 2,200-, 
2,300-, and 2,453-levels. Sixteen have been studied in poli
shed section under the reflecting microscope. Both etch 

test and microchemical method have been applied to the study.

Hypogene Minerals

Pyrite. Fyrite is the most common sulfide in the 
mine. As stated before it is coarse grained or massive 
rhere the copper content is Ion. In the high-grade ore it 
occurs as fine grains so that it can hardly be detected by 
the naked eye. In sections it occurs commonly as rounded 
granules due to corrosion by replacing minerals. Crystals 
are not common except in andesite. The massive pyrite 
usually exhibits a netnork of irregular fractures, obviously 

brought about by shattering (Plate lb). Chaleopyrite and

in some places also sphalerite and galena replace the pyrite
along these fractures. Where replacement is considerable

1intense, an 11 exploded bomb" structure results . It is

1. Graton, L. C. and J. Murdoch, The sulfide ores of copper. 
Amer. Inst. Min. Mng. Trans, vol. 45, P.37, 1913.

thus evident that pyrite is earlier than all the replacing 
minerals. The shattering of pyrite may be due to replacement 
as suggested by Wandke^, but the possibility of later internal

2. Wandke, A. Shattering by replacement. Boon. Geol. vol. 20 
P. 60-87, 1925.



strain or external stress cannot be entirely excluded for 
the cracks may be free from any other sulfides or only occa
sionally partly filled up (Plate lb).

Chalcopyrite. Chalcopyrite is by far the most common 
copper mineral. It is massive and always occurs as replace

ments in pyrite. But it is in turn replaced by all other 

sulfides. It was seen in one section as small blebs or 
inclusions scattered through sphalerite, further indicating 
that it is older than the host mineral.

Bornite-Chalcocite♦ Bornite .and chalcocite are

present in relatively small amounts, and commonly closely 
associated. In some places of the sections bornite appears 
to be replaced by chalcocite, but bornite intergrowths with 
chalcocite ere common elsewhere in the same sections(Flate 11). 
Parallel lenticular stripes of chalcoci te in bornite were 
also noted in one section. In addition, bornite veinlets 
crossing chalcocite was seen in the section where the bornite 
is sometimes intergrovm with chalcocite (Plate 11). whus these 
features seem to show contradictory relationships between the 

two minerals. It is probable that they are essentially contem

poraneous, but hypogene replacement of chalcocite by bornite 

is apparent. Overlapping of mineral deposition seems possible.

•7here bornite and chalcocite are dominant, chalcopyrite 

occurs only as small "islands", indicating its redidual nature 

due to replacement by the richer copper sulfides. Small 
well-rounded grains of pyrite are sparsely scattered in bornite
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and chalcocite* Sphalerite and galena v;ere seen to replace 
bornite, but only galena was noted to replace chalcocite.

Sphalerite. Massive sphalerite is the common ore 

mineral in the border phase of the ore shoots. Small 

amounts of sphalerite also occur as replacements in chal- 
corvyrite or bornite-chalcocite in high-grade ore. It 
replaces pyrite extensively and generally follows the main 
cracks along which chalcowyrite has attacked the pyrite.
But the chalcopyrite enclosed in smaller cracks on both 
sides of the larger fractures is left unattacked, obviously 
owing to the protective effect of the pyrite (Plate Ilia).

This also suggests that sphalerite might be less powerful 
than chalcopyrite in metasomatic action either due to its 
lesser concentration or due to its relatively weak activity.

Galena. Galena is not abundant even in the veins of 

the border zone. But it is widespread and often occurs as 

irregular grains or "advanced islands" replacing chalcopyrite, 

bornite-chalcocite or sphalerite. ,It occasionally exhibits 
a "reentrant angle" against sphalerite on account of its
tendency to replace the sphalerite along its cleavage 
• 1direction . - •

1. lierhouse, "I. H. The microscopic criteria of replacement 
in the opaque ore minerals. Laboratory Investigation of Ores, 
edited by E. 2. Fairbanks., p.147-161, 1928.

Unknown 1. An unknown mineral occurring as tiny
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triangular, rectangular or irregular grains, r;as seen in 
tro sections. Its color is brass-yellow, a little darker

than pyrrhotite and cubanite. It exhibits very strong ' 
anisotropism; the polarisation color is bluish, rich 

orange and grey. Both simple and multiple types of
twinning were noted. With etch tests .1:1 HKO5 gave a 
reddish brown stain: but it was negative to 1:1 HCL, 20p 
EOH, 9.0? BeGlrr, 40^ KOH and 5* HgClg. Owing to its too 
small size, no micrcchenical analysis has been made of it.
It is associated with and replaces chalcocite and bornite. 
Judging from its reactions to etch tests and optical pro
perties it was determined by the writer as cubanite. 
According to Dr. LI. N.. Short, a similar mineral was found 

to be a sulfide carrying copper, iron and tin by Mr. Wayne 
Kartchner at Stanford University, ■ which was later confirmed. 
by himself'5'. But no: name has been* given to this rare ■

1. LI. rl. Short, Oral communication.

mineral.
Unknown 11. Another unknown mineral occurs as small 

grains replacing chalconyrite. It is a soft, galena-white 
mineral and shows strong anisotropism. The 'polarisation 
color is grey, purple•and pinkish. multiple twinning is 
distinct. It turned black when acted on by 1:1 HKOj, but 
did not show any reaction to 1:1 HCl, 20^ KCN, 20^ FeClg,

19665^
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40^ KOH and 5^ HgClg. The microchemical analyses gave 
lead, arsenic and probably copper and iron^.

1. The corner and iron might come from chalcopyrite as the 
sample used for the tests ras a very small grain embedded 
in chalcopyrite.

Supergene Minerals

Bornite. A specimen from the 2,453-level shors bornite

replacing hypogene chalcopyrite along fractures. It occurs 
as a halo surrounding the chalcopyrite, but its quantity is 
very small. It is believed to be supergene. -

Chalcopyrite. In tno sections from the 2,455-level

minute stringers of chalcopyrite vjere seen to cut through a 

hypogene bornite. But in one of the same sections replace
ment of chalcopyrite by bornite is apparent. • Thus the vein- 
filling chalcopyrite is most probably of supergene origin.

Covellite. A ferr spots of covellite uere found in 
one section rhere it replaces chalcopyrite along fractures.
The specimen came from the 2,200-level.

Native Copper, This and the following tv;o minerals
occur together in the specimen from the 1,800-level. They 
all fill open spaces in.a quartz-calcite gangue. . The 

specimen is porous rath drusy crystals of quartz and calcite 
and malachite stains. Native copper is the dominant ore
mineral.
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Cuprite. Cuprite is next to native copper in abun
dance in the specimen from the 1,800-level. It occurs as 
^ell-formed crystals filling open spaces and replacing the 
gancue (Plate 111b).

Hative Silver. Native silver is the only silver 
mineral recognised in the suite of specimens. It occurs 
as small spots replacing the gangue minerals.

Gangue minerals

Calcite, Calcite is the most abundant gangue mineral, 

but it is largely redidual. Barren calcite veins vrith 
large crystals are of common occurrence.

(Quartz. Interstitial quartz in the ores is quite 
common, but it also occurs as crystals in veins and druses.

Rhodochrosite. Rhodochrosite is commonly associated 
vJith zinc and lead sulfides in veins. The copper ore seems 
to contain only a little, if any, of this carbonate.

Siderite. Siderite occasionally forms veinlets cutting 
through the limestone near ore shoots.

■ GENESIS OF THE 0R3 BODY

From what has been said in the foregoing pages some 

tentative conclusions as to the genesis of the ore body may 
be drawn as follows.



(52)

Either viewed individually- or compared v?ith adjacent 
ore masses in the area, the localisation of the fountain 
llaid ore body seems to have been largely controlled by the 
combined effects of structural features and favorable 
limestone beds. Although the large-scale northeasterly 
trending fault zones have not been worked out in the mine, 
two normal faults of pre-mineral origin were recognized to 
show close relation to the ore shoots. It seems to leave 

little doubt that following the breaks the ore-bearing 
solutions have moved upward and thence-made out along the 

replaced limestone around its intersection with the fractures. 

It is possible that more pre-mineral faults may have played 
the same role in the ore localization, but these two are 
sufficient to show the importance of faulting in the minera
lization. Moreover, with the possible exception of the 
silicified portion, all the limestone beds appear to be 
equally susceptible to sulfide replacement. Their mineralized 
parts seem to have been mainly determined by their relatively 
close proximity to the ore-bearing faults.

The relationship between andesite and ore shoots is 
most probably rather structural than genetic. The andesite 
may have simply facilitated the mineralization by impounding 

the ore-bearing solutions so that ore shoots formed in the 

underlying limestone beds. TTith this idea it is readily 

understood that the ore shoots are often found as embayments 
just beside the andesite.
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Konever, both the andesite and ore shoots may have 
been derived from a common deeper-seated source, for they 
are closely associated geologically.

The sequence of events may thus be outlined as follows.
The area was first subjected to stresses, resulting in fold
ing and faulting. Then'it was invaded by intrusive andesite, 
which found its way mainly along pre-existing faults. Following 
the intrusion of the andesite was an episode of hydrothermal 

alteration of wall rocks and mineralization. Lletasomatic 
replacement was the dominating process. The faults may have 

been the main channelways for the mineralizing solutions 
which carried much copper and iron with subordinate zinc 
and lead, but their intersection with limestone beds and the 
contact of the limestone against the impervious barrier of 
andesite have served as loci of mineral deposition. Some 
structural disturbance has occurred in post-mineral time, but 
it seems to have not affected the ore body to.any serious 
extent. The latest event is oxidation which has extended 
as deep as the S,435-level, but only the incipient stage 
has been reached at that depth.



PLATE 1

a.-Hydrothermally altered andesite. The lath-shaped 
crystal outline of plagioclase vriiich is entirely 
replaced by sericite and chlorite is well shown.
A phenocryst of olagioclase showing zonal structure 
is found in lower right corner. In the lower side 
biotite is heavily decorated with dusts of iron ore. /. fer* cubes of ryrite are present. 2,4g5-ft. level, 
fountain I.!aid claim, Junction nine, (x 130)

b.-Shattered pyrite. Showing no sign of replacement 
by any other sulfides along the cracks. 2,300-ft.
level, fountain Llaid claim, Junction Mine. (x 38)





PLATE II

Small areas- of graphic hornite-chalcocite 
intergrowth in chalcocite. Veinlets- of barnite 
following fractures also cross the chalcocite. But 
in other places of the same section not shown in the 
picture bornite appears to be replaced by chalcocite. 
This is believed due to overlapping of mineral depo
sition which consists of simultaneous deposition and 
hynogene replacement. 2,433-ft. level, fountain 
Uaid claim, Junction mine, (x 70)

Bn:-bornite 
00: -chalcocite
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PLATE 111

a.-Sphalerite replacing pyrite and chalcopyrite.
But the chalcopyrite enclosed in smaller cracks 
in. pyrite is left unattached, obviously ox?ing to 
the protection of the pyrite. 2,433-ft. level, 
Llountain Maid claim, Junction, (x 38)
Py:-Pyrite
Gp:.-chalcopyrite
Sp:-sphalerite .

b.-Cuprite shows- well-defined crystal outline while 
native copper and native silver occur in irrgelar 
patches. All these minerals are supergene. 1,800- 
Junctian mine, (x 38)
Cup:-cuprite 

, Cu:-native copper 
Ag:-native silver 

v Cal:-calcite
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P la te  IV. M ap  of 2433 Ft. Leve l 
M ou n ta in  Maid O re  Body,

Bisbee, A r i z o n a

E x p la n a t io n

Lean Ore

Zn-Pb

Escabrosa Z i n c - L e a dVein Fault
(D o w n th ro w n  - S id e  Shown)


