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ABSTRACT

The bedding replacement deposit of the Magma mine 
is presently the largest contributor of copper ore to the 
operations of Magma Copper Company, Superior, Arizona,

The ore body is both stratigraphically and 
structurally controlled. Iron-copper mineralization has 
extensively replaced favorable units in the lower part of 
the Martin limestone of Devonian age. Four systems of 
faults, trending east, northwest, north, and northeast, 
are found throughout the ore body. Mineralization was 
introduced in two stages. The iron-rich copper-poor 
mineralization phase was primarily guided by the east-and 
northwest-trending faults during the complete and selective 
replacement of the favorable limestone units. Major move
ment of the north- and northeast-trending faults offset 
the pyrite-hematite replaced beds. The late copper-bearing 
mineralization phase followed the late rotational northeast
trending faults and produced the economic ore body in the 
iron-replaced limestone beds.
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X. INTRODUCTION

The replacement ore body in the lower part of the 
Devonian Martin limestone constitutes a unique type and 
form of mineralization found in the underground workings 
of the Magma Copper Company at Superior, Arizona. At the 
present time the extensively developed ore body covers, 
in plan, an area of ?00 by 1600 feet with the longest 
dimension in the east-west direction.

The deposit is under the jurisdiction of the East 
Division of the Magma mine and encompasses all the lime
stone replacement type mineralization and the attendant 
vein structure which cuts the replacement ore body. The 
area covered by this thesis lies south and west of Magma's 
No. 6 shaft which is located some 4500 feet east of the 
original No.l discovery shaft. Observations were made 
throughout the deposit but were primarily within the area 
from the 2400 level to the 2800 level of the East Division. 
(See Plate I.).

Plates II, III, and IV detail an area and show 
many of the features of the ore deposit.

The primary problem is to delineate the ore con
trols within the deposit and to recognize the influence of 
folds, flexures, faults, and mineralogy on the control. 
Approximately four years have passed since the project was
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first undertaken, during which time the writer acted as geo
logist of the East Division in the Magma mine.

The collecting, recording, and integrating of data 
for this thesis is primarily the writer’s, but the stimula
ting and thought-provoking discussions held with my col
leagues has added much to the clarity and solution to many 
of the problems involved.

The methods and techniques used during this study 
are those established and practiced by the operating 
mining-geologist with the Magma Copper Company organization. 
Mapping was generally done on a scale of one inch equals 
ten feet or twenty feet, and was transposed to finished 
sheets at a scale of one inch equals twenty feet. Detail
ed mapping of major exploration-development workings and 
sampling of all areas of mineralization, provided the basic 
information for this study. Several special projects were 
undertaken to help unravel complicated areas and sequences. 
Often this required special analysis of rock and mineral 
samples which were handled by the assay section of the
company.



2. PREVIOUS WORK

Exploration and development work has been under
taken in the eastern deposit for only a scant ten years, 
and active stoping was not commenced until 1953. During 
the early period a geologist was not permanently assigned 
to the are% and as a result little was done to unravel 
the "interesting occurrence" of iron-copper mineralization.

Five papers have been written by Magma Company 
geologists during the past seven years covering geologic 
aspects in the area of the limestone replacement deposit. 
Two of these papers have been published in technical 
publications and the remaining three were distributed 
during meetings conducted by the Arizona and Colorado 
AIME Sections.

The papers are listed in the bibliography.
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3. HISTORY

The history of the limestone replacement deposit at 
the Magma mine covers a span of only ten years or one-fifth 
of the time since the Magma Copper Company began to exploit 
the Magma vein in 1910.

In 1948 replacement ore was discovered in the Martin 
limestone by a few diamond drill holes. The first workings 
to encounter the replacement deposit were driven in December, 
1949.

In 1948 development work was resumed on the 2550 and 
3000 levels to explore the Magma vein to the east and also to 
establish a ventilation circuit with No. 6 shaft. At that 
time. No. 6 shaft bottomed at the 2550 level. The drift on 
the 2550 level lost the vein after passing through a north
trending fault of potefe&fcle great magnitude. The decision 
was then made to connect directly to No. 6 shaft in order to 
quickly establish the ventilation circuit which was badly 
needed to carry on further exploration. The circuit was 
established and diamond drilling was undertaken from the 
2550 level to find the faulted segment of the Magma vein.
In drilling to the south a vein structure was encountered, 
and further drilling along the structure disclosed inter
esting mineralization in the lower part of the Martin lime
stone.
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The discovery of the supposed faulted segment of the 
Magma vein renewed the interest; and, late in 1948, after the 
installation of a refrigeration plant and cooling coils, 
drifting on the 3000 level was resumed to further check the 
vein and the mineralization in the limestone. The vein was 
intersected on the east side of a large fault (later estab
lished as the NS 5 W fault) and drifting continued until 
the mineralization became very weak. The replacement 
mineralization in the limestone which was exposed during the 
drifting was then followed to the north and south of the 
vein structure. The first drifting in the replacement 
mineralization was in December of 1949.

During 1950, a three-compartment raise was driven 
in the south-dipping vein structure from the 3000 level to 
the 2550 level for establishment of a complete ventilation 
circuit. The rock temperature in the headings was about 
140 degrees Fahrenheit; and, even with the cooled air from 
the coils (a distance of 3000 feet from the headings), the 
development work was slow and costly until the completion 
of the ventilation circuit established adequate ventilation 
from No. 6 shaft.

Two exploration raises were then driven up-dip in 
the mineralized horizon. die raise was started 75 feet 
north of the vein, while the other was started 100 feet 
south of the vein. These raises were later connected by 
sublevels and drifts on the 2900 level. Sampling of these
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workings, coupled with additional diamond drilling, Vindicated 
a new and substantial ore potential for Magma.

The continued exploration and development of the ore 
potential on the east side of the NS 5 W fault necessitated 
a re-evaluation of the available data for determining the 
amount and direction of movement on the fault. Two diamond 
drill holes, drilled to the west, encountered replacement 
mineralization and vein mineralization. The information 
obtained from the drill holes and the available data 
indicated that the vein structure was notlthe faulted 
segment of the Magma vein as previously supposed, but was 
an entirely different izein structure. In late 1955# 
drifting penetrated the NS 5 W fault on the 2800 level 
and was driven to intersect the vein segment found by the 
drill hole. In 1956, a short drift was driven on the 
vein structure, and a two-compartment raise was driven on 
the vein to test the limestone replacement horizon above 
the level. Subsequent exploration and development 
workings from the original raise indicated a comparable 
body of mineralization in the new west bed sector.

From the small beginning in the early 1950's, the 
limestone replacement ore body has been developed into a 
substantial part of the production and reserves of the 
Magma Copper Company.
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4. PRODUCTION

The production of copper ore from the East Division 
of the mine has steadily increased from early 1950 through 
I960. In 1950, the production was 1.1# of the total copper 
ore tonnage produced (milling, and smelting oreâ  but not 
including the zinc-copper ores mined during the year).
During i960, the East Division produced 5 0.0# of the total, 
or approximately 180,000 tons of copper ore. The grade 
of the ore varies between five and six percent copper, with 
minor amounts of silver and gold.

In Figure 4.1, the production from the East Divi
sion is shown with the total mine production from the East, 
Central, and West Divisions of Magma Copper Company. The 
importance of the production from the limestone replacement 
deposit is not shown in the total production from the Magma 
mine. Total production from the mine has remained about 
constant, because deep-level mining in the vein deposit has 
been diminishing during the period of increased production 
from the replacement deposit.
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5. ROCK UNITS

(5.1) Diabase
The great thickness of diabase (3100 feet), re

corded in the main Magma workings of the West and Central 
Divisions, extends under all of the present workings in 
the East Division of the Magma mine. The thickness of 
the diabase near No. 6 shaft is unknown, but 500 feet of 
diabase was encountered when the shaft was sunk from the 
2550 level to the 3800 level. The present bottom of the 
shaft, at the 3800 level, is still in diabase.

The diabase exposed in the workings below the re
placement ore body of the East Division is similar to 
diabase observed elsewhere in the region. Generally the 
diabase is a medium grained, ophitic textured mixture of 
plagioclase, augite, and a little hornblende, but grain 
size may vary from coarse to fine. In some places the 
diabase contains quartz and othoclase and lesser amounts 
of olivine and biotite. The diabase is typically dark 
green to black in color, highly altered along shear and 
mineralized veinlet zone^ and contains abundant magnetite.

Contact zones between diabase and quartzite are 
often mapped in considerable detail. Most of the contacts 
are relatively sharp, and the diabase appears to be intrusive
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into the quartzite. Chilled border zones in the diabase 
and baked zones in the quartzite are common in the exposures. 
However, one area shows abundant "weathered" boulders of 
diabase with a granular diabase and sandy quartzite matrix 
in a transition zone some tens of feet thick. This exposure 
is suggestive of a sedimentary depositional contact of quartz 
ite over diabase. Most of the contact zones are parallel 
to the bedding in the quartzite, and no exposures show diabase 
crosscutting the quartzite and penetrating into the Martin 
limestone. From available exposures throughout the mine, 
the age of the diabase is at least pre-Devonian and may be 
Precambrian depending upon the age of the quartzite.

(5.2) Troy Quartzite
Quartzite overlies the diabase,and many development 

workings are driven in this hard, competent formation. The 
quartzite in contact with the Martin limestone is designated 
as Troy quartzite of Cambrian age but, no fossils have been 
found in the area to substantiate the age designation. The 
thickness of the quartzite is variable,and, in places,is only 
100 feet. The stratigraphic thickness of the quartzite cut 
by No. 6 shaft is calculated to be 300 feet.

In two of the development headings driven in quartz
ite, an angular unconformity was mapped between two litho
logically different quartzites. The lower quartzite is



D
e

v
o

n
ia

n
 

M
a

r
t

in
 

l
im

e
s

t
o

n
e

H A N O I  n a 
W A L L  
B E D S

M E D I U M  T O  T H I C K  B E D D E D ,  M E D I U M  
D A R K  O R E Y  T O  O R E Y I S H  B L A C K

R E  P L A C E M E N T  
B E D

H O R I Z O N

T
Xu
1K
KW
t!
Om
2
*

r O Q T W A L L Xu
E
kw
0 N
0k
9
1

H W —

M E D I U M  L I G H T  O R E Y  
T O  M E D I U M  O R E Y ,  
r / N E  T O  M E D I U M
c rys tal line ;
A L T E R E D  '

M A S S I V E
M I N E R A L I Z A T I O N

T H I N  B E D D E D .  B L A C K C ____________________

r w
M A S S I V E ,  H A C K L Y  F R A C T U R E ,  L I G H T  
T O  M E D I U M  G R E Y  W I T H  O C C A S I O N A L  
S A N D  G R A I N S  ______________________________

T H I N  B E D D E D ,  D A R K  G R E Y ,  V E R Y  
F I N E  C R Y S T A L L I N E ___________ ■

T H I N  B E D D E D ,  L I G H T  T O  M E D I U M  
G R E Y .  F I N E  C R Y S T A L L I N E

M A S S I V E ,  M E D I U M .  G R E Y .  F I N E  
C R Y S T A L L I N E

. ,,.0 .2 ' Q U A R T Z I T E  B A N D  ..............................
M A S S I V E .  M E D I U M  G R E Y .  V E R Y  F I N E  
C R Y S T A L L I N E .  W I T H  S A N D  G R A I N S
A N D  F E R R U G I N O U S  S P O T S  _____________

R E D  Q U A R T Z I T E  A N D  S A N D Y  L I M E S T O N E  
M A S S I V E .  M E D I U M  R E D D I S H  G R E Y  
W I T H  S C A T T E R E D  S A N D  G R A I N S  
A N D  F E R R U G I N O U S  S P O T S

Limeys a n,d s t o n e

C a m b r i a n  Troy
Q U A R T Z I T E

M A S S I V E ,  C L E A N ,  W H I T E  Q U A R T Z I T E

Figure 5.1—  Stratigraphic Section of L ower Part of 
Martin L imestone
SHOWING UPPER PART OF TROY Q UARTZITE AND LOWER UNITS 
OF THE MARTIN LIMESTONE



10
fine grained, poorly sorted, slightly feldsphathic, and 
generally Is reddish-orange in color. The diabase is 
intrusive into this unit. Hie upper quartzite is medium 
grained, well sorted, clean, with cross-bedded' units and 
is white to slightly pinkish in color. The Martin lime
stone lies over the upper quartzite.

Where the formation is cut by heavily mineralized 
structures the mineralization extends outward into the

- quartzite beds. Numerous mineralized fractures also add
v pyrite, hematite, and slight copper values throughout the
quartzite units.
~ (5.3) Martin Limestone - •

- 1 The Devonian Martin limestone conformably overlies
- the Troy quartzite in the areas exposed by mine workings.
At No. 6 shaft the limestone is 260 feet thick. This is 
thinner than in the surface outcrops elsewhere in the 
Magma mine area. o-Viv-,- 0: v
'• • The lower part of the Martin contains the replace

ment ore body. Figure 5.1 shows a detailed stratigraphic 
section typical of this lower unit from the top of the 
Troy through the replacement unit in the Martin.

* ; A basal sandy unit, two to four feet thick, of
loosely cemented rounded quartz grains overlies the hard, 
well cemented Troy. This transition zone is locally, 
strongly mineralized with lead, zinc, and iron minerals
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in the vicinity of mineral-bearing fractures or faults. The 
next unit, averaging twelve feet in thickness, is a white to 
very light grey dolomitic limestone and limestone with two- 
to four-inch beds alternating with six- to eight-inch beds. 
This unit contains numerous lenses and small thin beds of 
sand and quartzite. Spherical ferruginous spots occur 
throughout this unit but are most conspicuous in the middle 
portion. The basal sandy unit and the white unit are re
ferred to as the "footwall beds" because they lie under the 
mineralized portion of the sequence.

The next unit, the replacement he'd horizon, averages 
fifteen feet in thickness but ranges from six to over thirty 
feet in thickness. Where nonmineralized, it is medium 
light grey to medium grey and has a fine to medium crystal
line texture. Bedding is generally indistinct in the non
mineralized portions but where bedding is observable the 
bedding planes are often marked by very thin layers of black 
shale.

The units overlying the replacement bed horizon are 
known as the "hanging wall beds". These are thicker-bedded, 
medium dark grey to greyish black limestone beds with no 
sand grains or quartzite lenses. In normal mining operations 
these units are seldom exposed.

(5.4) Mescal and Escabrosa Limestones
The Mescal limestone of the PreCambrian Apache
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group was encountered in a deep level exploration drift 
north of No. 6 shaft. Little is known about this occurrence 
as mining conditions at that time prohibited the continued 
driving of the drift, and it was closed down shortly after 
the drift entered the Mescal limestone beds.

The Mississippian Escabrosa limestone is not found 
in the general workings of the East Division of the Magma 
mine but about half of the section was cut in the upper 
main level haulage drift near No. 6 shaft.

(5.5) Quartz Porphyry
Numerous quartz porphyry bodies are located within 

the Magma workings. In the East Division of the mine 
several quartz porphyry dikes have been cut in the haulage 
drifts outside the replacement ore body. In the replace
ment horizon beds west of the NS 5 W fault, a porphyry dike 
was found to cut the replacement ore body. The area is 
shown on Plate I and Figure 6.2 . The dike is ten to 
twenty feet wide and is emplaced along a major northeast- 
trending fault structure. Many workings have traced the 
structure for over five-hundred feet in the ore horizon. 
Several smaller dikes split from the main dike, but only 
a few small sills are connected with it.

The light-colored porphyry dikes are similar to 
the Tertiary quartz monzonite porphyry dikes in the West 
and Central Divisions of the Magma workings, but the age



relationship between the dikes in the different parts of 
the mine has not been established.



6. STRUCTURE

(6.1) Folds
The limestone replacement ore body lies in the lower 

part of the Martin limestone which dips thirty degrees east
ward. The homoclinal dipping beds may be the westward limb 
of a large regional north-trending syncline or they may 
represent the tilted surface of a fault block segment. The 
structural contour map of Plate II is constructed on the 
footwall of the replacement beds, and shows that the homo
clinal structure is locally modified by an anticlinal fold.
The north-northwest-trending asymmetrical anticline lies in 
the western third of Plate II. Limited drilling and explora
tion south of this area indicates that the structure increases 
in size to the south, reaching an amplitude in excess of 
eighty feet. The anticline plunges northward, and the 
structure dies out just north of the area covered by Plate 
II.

The Troy quartzite and the diabase, which lie below 
the Martin in this area, have also been folded.

No companion synclines have been found either west 
or east of this anticline.

(6.2 ) Flexures
Small flexures and minor folds are present throughout

14



the area detailed. As noted on Plate II, the larger folds 
form troughs located south of the persistent east-northeast- 
trending fault structures (areas CV and CW). Important 
flexures are found in areas BW, OX, DV, EV, and EX. Some 
of these represent terraces while others are monoclines on 
the homoclinal surface. The terraces and monoclinal flex
ures, although small, appear to be significant in the control 
of the copper mineralization.

(6.3) Faults
Within the area, and the deposit, four major sets of 

faults are recognized. These faults trend north, east, 
northeast, and northwest. (See Plate III).

The dominant fault, in the area covered by Plate III, 
is the NS 5 W fault. The fault belongs to the north-trending 
system and has 400 feet of horizontal offset and $0 feet of 
vertical offset. The left lateral movement has moved the 
east side up and to the north relative to the western block. 
This strong persistent fault has been traced laterally in the 
workings for over 1500 feet. The NS 5 W fault is a normal 
fault, dipping steeply to the west. Within the diabase the 
fault surface tends to flatten, whereas in the quartzite it 
is steeper. Where limestone constitutes one or both walls 
of the fault, the surface may dip either to the west or the 
east. The warped surface can be clearly visualized from the

15



16
dip readings recorded on Plate III. The NS 5 W fault off
sets all known structures in the deposit.

Many other faults belong to the north-trending 
system, and the major structures have considerable left 
lateral movement. One unnamed major fault is subparallel 
to the NS 5 W fault and is shown in line B of Plate III. 
This fault, with several splits, apparently offsets the 
northeast-trending rotational fault in area BW some 40 feet 
horizontally and about one foot vertically. The left 
lateral movement on this fault is reflected by the offset 
of the various grades of mineralization as shown on Plate 
IV. A minor group of short north-trending faults lie in 
line E of plate III.

The east-trending system is poorly represented on 
Plate III. A few short faults are located in areas EW 
and FW and one fairly long fault, which probably belongs 
to this system, is in line X of Areas B,C, and D. In 
terms of major fault structures, i.e., those traceable for 
more than 300 feet in strike length, the east-trending 
system formed only one large through-going structure. It 
is a normal fault and has been traced for over 2500 feet 
horizontally, and neither its eastern nor western limits 
have been determined. The fault structure contains a 
well mineralized vein which is known as the South Branch 
Vein of the Magma Vein. The South Branch Vein, shown on
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Plate I, lies some 300 feet north of the northern limit of 
Plate III. Detailed discussion of the vein structure is 
contained in section 7 .2.

The most extensive faults are the northeast-trending 
structures. Twelve major faults are assigned to the north
east system which can be subdivided into two groups --
l) normal faults with translational movement and 2 ) normal 
faults with rotational or differential movement. Seven of 
the twelve major northeast-trending faults have translational 
movement and belong to the first group; five have rotational 
movement and belong to the second group. The age relation
ship of these structures are discussed in section 6.4.

Two major northeast-trending faults, which have 
rotational movement, are within the area covered by Plate 
III. The dominant fault of thiskgroup lies along line V 
from area BV and leaves the plate limits in area FV. Al
though the trace of this fault is more easterly than most, 
it belongs to the northeast system. A similar northeast- 
trending fault lies just south of the first structure and 
is in line W. These two faults are rotational faults with 
differential displacement along their strike length. The 
fault along line V opens to the east and has a maximum dis-.-. 
placement of 30 feet while the fault along line W opens to 
the west and has 16 feet of displacement. Numerous small 
faults (see Plate III) which belong to the northeast system
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do not have differential dip-slip displacement and rarely 
exceed five feet of vertical displacement.

The northwest-trending system is well represented 
throughout the deposit by minor faults and broken segments 
of earlier northwest faults. Only two major structures 
belong to this system, one of which is found on Plate III.
On Plate III a zone of steep dipping,normal northwest- 
trending faults are located in area EX and continue through 
areas DW-EW and into area DV where they were no longer 
traceable.

(6.4) Sequence of Structural Events
The sequence of the structural events and the re

lationship between the four fault directions and the anti
clinal fold can be partially ascertained from Plates II 
and III. Figure 6 .1 shows the approximate relative age 
of the structural events.

The oldest fault system is the east-trending system 
which is best exemplified by the South Branch Vein which 
cuts through the deposit and lies north of the area of Plate 
III. Complementary to the east system and perhaps slightly 
later in time, the northwest system formed.

The northeast system formed long persistent faults 
later than the northwest system. Thqy are mostly earlier 
than the north system, but some are later. Each period of 
movement on the northeast system is characterized by a
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distinct-type of displacement. The earlier set has trans
lational movement while the later set has rotational move
ment. Some of the rotational northeast-trending faults 
have probably been reactivated along the breaks of the 
earlier translational faults. The quartz porphyry dike 
(section 5 .5 ) is emplaced along a major early northeast
trending fault.

The major north-trending '.faults have substantial 
left lateral movement and cut all other structures. How
ever,, the rotational northeast-trending faults show evidence 
of originating after the major movement on the north-trending 
system. - -.r - :' ' : - 1

. The anticlinal fold shown on Plate III culminated
after the early northeast and the north faulting as it is 
not offset as much as the total displacement of these struc
tures. However, the fold has been strongly disrupted in 
areas of the late northeast rotational faults (areas BV and 
BW on Plate III) and has been slightly offset by renewed 
movement on the north-trending fault structures.

The area of the porphyry dike best illustrates the 
relationships of the northeast- and north-trending fault 
systems. Figure 6.2 shows the sequence of these events.
The early northeast fault was formed and then-intruded by 
quartz porphyry (Figure 6.2a). Strong north faulting 
(Figure 6.2b) offset the fault and the dike a distance
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of 25 feet with the east block moving north. Renewed move
ment on one part of the northeast fault (Figure 6.2c) offset 
the north-trending fault ten feet, south block moving to the 
west (rotational movement not apparent). Reactivation of 
the north-trending system, in this Instance along a new 
fault (Figure 6.2d), offset the later northeast fault a 
small distance.

The same sequence is illustrated along line B shown 
on Plate II: a) early northeast system formed; b) major move
ment on the NS 5 W fault and other north-trending faults; c) 
development of north plunging anticline subparallel to the 
NS 5 W fault; d) late northeast faulting with rotational 
movement disrupted the anticline; e) and minor renewed move
ment on the north-trending structures which offset the flanks 
and crest of the anticline.



7. MINERAL DEPOSIT AND BOUNDARIES
(7.l) Mineralogy, Character, and Grade

Chalcopyrite, bomite^ and chalcocite are the most 
important minerals of commercial interest. Chalcopyrite 
is the major copper-bearing mineral; it grades from small 
disseminated grains to large massive pods and lenses.
Bomite is common and invariably comprises the higher grade 
areas. Chalcocite is generally associated with the bornite 
generally in the larger (six inch in diameter) pods or lent! 
cular zones. Snail specks and streaks of bornite rarely 
contain chalcocite except in areas of fingering out of the 
rich bornite-chalcocite zones.

Covellite, galena, and sphalerite are also found 
within the ore body. Covellite has not been noted mega- 
scopically and apparently is only found in the high-grade 
bornite-chalcocite zones. The limited work done does not 
clearly indicate whether the covellite is primary or 
secondary, but it is probably secondary. Galena very 
rarely is in visible quantities and within the ore body 
only one pod of pure galena ( 1/2 " x 12" x 6 ") has been 
recorded. Mine grade control samples, sporadically tested 
for lead, show only very small amounts of lead in the re
placement beds, but veinlets of galena and sphalerite are
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common in the underlying quartzite.

Sphalerite is scattered throughout the ore body but 
is noted principally along the fringes. This increase on 
the ore boundaries may be due only to the increased interest 
and observation of the structure and mineralogy of these 
boundaries. The sphalerite ranges from the rosin to the 
"black-jack" type, but no distribution pattern is evident.

The associated gangue minerals include specular 
hematite and pyrite as the major minerals with minor amounts 
of magnetite and red unctuous and/or fibrous hematite. The 
minor gangue minerals include quartz, rhodonite, calclte, 
ankerite, dolomite, siderite, rhodochrosite and barite.

Specular hematite and pyrite comprise from 90 to 95# 
of the mineralization in the replacement deposit. In abun
dance, these are followed by chalcopyrite, bornite, and pro
bably chalcocite, with the remaining minerals found in only 
small amounts, although locally concentrated. As with most 
base metal deposits, gold and silver are recovered in the 
milling and smelting of the ore but no specific minerals 
have been Isolated.

All of these minerals, with the probable exception 
of covelllte, are considered to be hypogene.

The sequence of mineral formation has been tenta
tively determined from a hand-lens study of several hundred 
crystalline specimens. The study of crystal specimens was
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supplemented with a study of specimens showing fracture 
fillings and replacement textures. Figure 7.1 illustrates 
the tentative sequence of mineral formation based on the 
study.

The sequence is divided into an early stage (barren) 
and a late stage (productive) which are distinctly separated 
by major displacement along the north-trending fault struc
tures and the rotational northeast fault structures. In
variably, either hematite or pyrlte form the surfaces that 
show slickensides along the faults, indicating deposition 
prior to the movement along the faults. Bornite and chal- 
cocite do not show slickensides or brecciation, even though 
they may lie along a slickensided fault surface. This in
dicates that they were deposited after the fault movement 
on the north- and northeast-trending fault structures which 
produced the slickensides.

The early stage is barren of commercial copper con
centration, although minor chalcopyrite was deposited during 
this stage. Cubic and pyritohedral forms of pyrlte comprise 
the earliest formed mineral, followed by widespread develop
ment of specular hematite. Pyritohedral pyrlte then formed 
nice crystal groups on the specularite, with the specularite 
variety giving way to a fine, unctuous, and fibrous, red 
hematite. The "red" hematite forms needle-like Inclusions 
within some of the quartz crystals and also coats many of
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the quartz crystals. Commonly a thin layer of specular!te 
coats the upper surfaces of quartz crystals within a cavity. 
Quartz crystals continued to form after the end of the hema
tite deposition, as clear quartz crystals are intergrown with 
chalcopyrite crystals which are deposited on both varieties 
of hematite. Chalcopyrite completely overgrows the quartz 
crystals although some specimens show the..chalcopyrite 
initially emerging from a layer of the fine black hematite. 
Black sphalerite Is abundant on the well formed chalcopyrite 
crystals and covers all the free surfaces. The black 
sphalerite is also found in rhythmic banding with small 
chalcopyrite crystals. Many of the black sphalerite 
crystals have a light to medium green zone at their ter
minations. A few specimens contain solitary green sphale
rite crystals, and relations show that this greenish variety 
formed late.

The calcium-iron-magnesium carbonate mineralogy is 
intermixed from the earliest pyrite to the late sphalerite. 
The carbonate masses are generally small and identification 
of the various types is difficult. Curved rhombohedrons 
of dolomite are found on well formed pyritohedral pyrite 
but other relationships are unknown. Ankerite is noted 
on specularite crystals and capped by black sphalerite 
crystals. The rhythmic banding of chaleopyrite-sphalerite 
is capped by a distinctive "golden" colored calcite.



Thus it would appear that the carbonate sequence went from 
magnesium-rich, to iron-rich, to calcium-rich. Ankerite 
deposition may coincide with the end of hematite deposition. 
The "golden" calcite coincides with deposition of the green
ish sphalerite.

Ankerite decidedly favors the east- and northwest
trending fault systems and the "golden" calcite was noted 
in a major northeast-trending fault structure.

Following the Interval of the north-trending 
faulting and the rotational northeast faulting, the late 
ore-bearing stage superimposed copper mineralization upon 
the earlier iron mineralization in the replaced limestone 
horizon.

The ore-bearing stage was limited to deposition of 
four minerals —  chalcopyrite, bomite, chalcocite, and 
quartz. Chalcopyrite appears to have been the earliest 
and is the most abundant copper mineral in the deposit. 
Bomite overlaped the chalcopyrite deposition, as shown by 
beautiful rhythmic banding between chalcopyrite and bomite. 
Chalcocite was late and most of it appears to be hypogene. 
Very large (one-fourth to one- half inch in diameter) quartz 
crystals have been noted crusting the copper minerals. The 
large quartz crystals were found along a northeast rotational 
fault structure in the west bed sector of the replacement 
deposit and in the east bed sector adjacent to the NS 5 W 
fault (area BY on Plate IV). Barite crystals, ranging from
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light yellow-green to dark brownish-black coat vugs and open 
fault zones;and undoubtedly was the last mineral to form.

'=; Pyrite occurs in three major forms: pyrltohedrons, 
cubes, and octahedrons. Although no detailed study of 
these forms have been made, the following relationships are 
suggestive, ti...Massive pyritohedrons occur in low grade areas 
with little or no specular hematite or copper values. Cubic 
and cubo-pyritohedral pyrite is associated with specular 
hematite areas and submarginal copper values. Octahedral 
pyrite is within: or': closely associated with the high-grade 
bomite-chalcocite zones. These observations are based on 
crystals larger than one-fourth inch in diameter and the 
relationship may not be as clear among smaller sizes.
:, : Mineral types tend to have random distribution with
in -any vertical section and no mineral has any particular 
affinity for either the footwall or hanging wall portions of 
the replaced unit. The banded;textures exhibited by the 
mineral types are generally parallel to the footwall or 
hanging wall of the replaced unit; although on the fringes, 
at the contact between mineralization and barren limestone, 
the minerals are banded parallel to the contact which is 
perpendicular to the footwall. ; ; * -

Replacement textures typical of limestone replace
ment deposits in other districts are generally not found in 
this deposit. Minor swirls and rounded banded zones are • -



noted in places, and very fine banding is noted next to the 
hanging wall in a few local areas. Bomite is the most 
abundant mineral in these banded structures.

Mineral zoning, such as observed in the vein in the 
West Division of the mine, is not evident in the limestone 
replacement deposit. As exploration and development re
veals the vertical extent of the deposit, perhaps a zoning 
pattern will emerge. Likewise, no lateral zoning from one 
side of the deposit to the other is yet apparent. Mineral 
zoning is locally shown in areas of high-grade copper 
mineralization. In these areas chalcocite cores are . 
rimmed by bornite, followed by chalcopyrite. The copper 
minerals may have either pyrite or hematite as an adjacent 
boundary, with pyrite the more common mineral. Very fine 
flakes and blebs of bornite have been noted in the massive 
fine crystalline specularite mineralization.

Plate IV is a detailed plan showing the distri
bution of various assay grades of copper mineralization.
The divisions include two non-commercial and three com
mercial grades. Within the ore body are areas of massive 
pyrite and/or specular hematite with only a trace of copper, 
as well as areas of predominately bomite-chalcocite. The 
shape and attitude of the various grades are primarily con
trolled by fault structures. The construction of Plate IV 
is based on data obtained by the sampling of all the develop
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ment work and; limited secondary stope control sampling. In 
this area parallel raises were driven up-dip (westerly) on 
40-foot centers. Sublevels were then driven, on 25-foot 
centers, to connect the raises. The intervening block is 
considered a stope block and the ore grade portion is mined. 
The initial development work is ten to twelve feet in height, 
but the entire mineralized bed may reach seventeen to twenty 
feet in thickness. Generally the samples are of the initial 
development so do not necessarily reflect the grade of the 
entire bed.- Probably a third : of the.thousand ■ odd'samples 
from this area represent the full thickness. However; in 
this area and other areas throughout the deposit, complete 
and detailed sampling of individual stope blocks prior to 
stoping operations has shown that trends established by the 
initial sampling need to be only slightly modified after 
the complete sampling data is available.
, Plate IV shows that faults exert a strong control
on the trend and’grade of mineralization. The strongest 
control is exerted by the faults which have a vertical com
ponent of movement. Most of the faults have less than three 
feet of vertical displacement but,even so,the control is still 
very evident. The faults that apparently exert no control 
on ore trends that cross them have no apparent vertical move
ment. .However, some faults which show no vertical movement 

t y p e : :  e  f  ; '' ■ ' ' ' ' ' ""
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may show strong control. This is especially well illust
rated in the north and south portions of Plate IV near 
barren mineralization fringes. On the north, in area DV, 
a very low grade area is wholly contained between two 
northwest-trending faults. On the east side of the eastern 
bounding fault is an area of quite high-grade mineralization. 
In mining this area, the knowledge of the fault control was 
very helpful in the stope control of mineral grade. To 
the south in area EX, a very high-grade area is essentially 
bounded by two northwest-trending faults. This bornite- 
chalcocite area was separated by the bounding faults from 
pyrite-chalcopyrite mineralization. In the two examples, 
the bounding faults had no vertical movement. A similar 
high-grade area, on the north edge in area EU and EV, is 
localized by triple faults which have a vertical component.

A noteworthy feature brought out by the grade map 
(Plate IV) is the large amount of high-grade copper ore 
adjacent to the barren limestone along the south limit of 
the ore body. High-grade chalcopyrite-boraite-chalcocite 
mineralization generally extends along the entire south 
fringe of the deposit. The map also shows that high-grade 
shoots trend strongly to the northeast, except where 
modified by cross faults.

(7.2) Vein Ore Body
Two types of ore bodies are found within the East
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Division of the mine. One is a vein filling and replacement 
along a fault structure, and the second is the replacement of 
beds in the Martin limestone. The east-trending vein struc
ture is the most prominent fault structure in the East Divi
sion. The vein is essentially vertical; it offsets the re
placement beds, and is used as a "zero" point for north-south 
nomenclature within the deposit. All mineralized beds north 
of the vein are locally referred to as the "north beds”, and 
those to the south of the vein are called the "south beds".

Complicated, unsolved faulting has prevented a 
definite correlation between the vein in the East Division 
and the mineralized vein structures to the west. At the 
present time it is considered to be the South Branch Vein 
of the Magma Vein.

The vein occupies a normal fault with the south side 
downthrown thirty to forty feet. The dip varies from verti
cal to fifty degrees south,but is generally about eighty 
degrees south. Figure 7.2 illustrates a typical north- 
south vertical section across the vein structure. Within 
the diabase the structure is only a shear zone with very 
minor amounts of ore mineralization. The shear zone is two 
to four feet wide in the diabase and generally contains pyrite, 
hematite, sphalerite, and sparse galena. As the diabase- 
quartzite contact is approached, the vein becomes more dis
tinct and copper mineralization appears.



Within the quartzite the vein has distinct walls and 
generally very good copper values. The vein width varies 
from four to ten feet and the mineralization consists of 
quartz, pyrite, chalcopyrite, and bomlte, accompanied by 
variable amounts of a carbonate, probably ankerite. Hema
tite and sphalerite are rare in this portion of the vein. 
Just below the Martin-Troy contact small shears and faults 
become quite abundant and persist upward.

Where replacement beds form either wall of the vein, 
the width and grade is generally comparable to that found 
where quartzite forms both walls; however, the vein may be 
masked by the proximity of the replacement horizon mineral
ization. The quartz, ankerite, and vertical faults may be 
the only guide to indicate that this area is a fault-vein 
zone. Generally the pyrite, chalcopyrite, and bornite 
occur as massive replacements and do not contribute much 
to the vertical structure of the zone. Hematite is also 
generally lacking in this portion of the vein. Above the 
hanging wall of the south beds, the vein structure narrows 
rapidly, and after passing the hanging wall of the north 
beds, the vein structure becomes indistinct. A sheared 
zone may be traced into the hanging wall limestone beds but 
copper mineralization is weak or lacking.

In several places the vein structure has been 
followed upward or has been cut by drifting. The exposed
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shear zone may be narrow or up to fifteen feet wide. This 
extreme width was noted only high in the limestone, some 
ninety feet above the hanging wall of the north beds and 
near the NS 5 W fault. Generally the only mineralization 
in this shear zone consists of minor amounts of pyrite, hema
tite,and sphalerite, but in a few places high concentrations 
of sphalerite and moderate galena have been found.

From geometric evidence and from east-dipping 
striatlons on the vein walls, the movement along the fault 
appears to have been right lateral. The direction of move
ment is the same as on the Magma Vein in the western and 
central portions of the Magma system, but the amount of 
movement is much less.

In north-south cross section the vein is pendant
shaped (Figure 7.2), whereas in east-west cross section 
the vein ore body is elongate with its principal axis 
dipping thirty degrees eastward, parallel to the dip of 
the sedimentary rocks.

(7.3) Replacement Bed Ore Body
The second type of ore body in the East Division 

is the replacement mineralization in the lower part of the 
Devonian Martin limestone.

The Martin limestone in this area overlies the 
Troy quartzite with apparent conformity. An average of 
fifteen feet of limestone ("footwall limestone") separates
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of the quartzite from the base of the mineralized section of 
limestone. The thickness of the replaced unit averages 
fifteen feet,but varies from six to over thirty feet.

In plan, the ore body is elongate in an east-west 
direction (Plate I). The width in the north-south direction 
is about seven hundred feet while the known extent in the 
east-west direction is more than three times this amount.
The ore body boundaries or fringes maintain this east-west 
orientation except where modified by faulting.

The replacement horizon beds are comprised of lime
stone beds which can be identified by their distinctive 
granular texture and the medium light grey to medium grey 
color. This stratigraphic unit,or horizon,is traceable 
in surface outcrops throughout the district. Samples from 
the nonmlneralized parts of this unit have been tested by 
the assay office and show that the limestone contains high 
amounts of calcium and very low magnesium.

Within the ore body, the entire replacement horizon 
is generally either completely mineralized or completely 
barren. In any vertical section, only rarely is one part 
of the horizon mineralized and another part barren. The 
few places that do contain barren beds with mineralized 
beds lie in a projection down-dip from a completely barren

The hanging wall beds are medium dark grey to
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greyish black, and are very fine grained to dense. Mineral
ization is rarely found in these units.

(7.4) Vein-Replacement Bed Junction
Ihe general practice in development and mining of the 

ore deposits does not often afford the opportunity to fully 
study the vein-replacement bed junction in a vertical plane. 
Figure 7.2 is a composite drawn from data obtained from 
many raises on the vein, main haulage level drifts, and 
limited observations during stoping operations in the junc
tion area. However, two sublevel drifts were mapped in 
detailed form. Hiey traversed from within the south beds 
northward through the vein, up the footwall of the vein and 
continued northward into the north beds. Ihe sublevel 
drifts were not mined to the hanging wall of the beds and 
the information observed and recorded concerns only the 
lower or footwall areas.

The first sublevel (Figure 7 .3 ) shows the footwall 
of the south beds displaced, with the north side up, by a 
vertical east-trending fault. The sublevel was continued 
in the footwall limestone until the vein structure was cut. 
The vein in this area was bounded by limestone on the south 
wall and a fault block sliver of quartzite on the north wall. 
Upward,over a short distance, the distinct vein structure 
was sheared by numerous east-trending faults and was finally 
terminated by a flat southeast-dipping fault which cut
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across slightly tilted limestone beds. The flat fault con
tinued along the contact between the mineralization and the 
footwall limestone of the north beds,and probably merged with 
the south-dipping fault shown on the north side of Figure 7»3.

Although the copper values were about the same, the 
vein contained pyrite, chalcopyrite, and ankerlte, whereas 
the replaced beds contained pyrite, chalcopyrite, and spec
ular hematite.

The vein structure could not be distinguished above 
the flat fault, although ankerlte pods and streaks and minor 
specularite were found in the area above the truncated vein.

The second sublevel studied (Figure 7.4) gave an 
entirely different picture. The vein had a distinct foot- 
wall fault and hanging wall fault with quartzite on the 
north wall. The vein was rich in chalcopyrite and bomite 
in a gangue of pyrite and sparse ankerlte. The replacement 
beds contained pyrite and specularite and very minor amounts 
of copper. Upward, the structure and grade of the vein 
persisted as far as the quartzite-limestone contact on the 
north (footwall) side. At this point, the entire thick
ness of footwall limestone extended across the top of the 
vein. The copper grade in the vein began to decrease 
abruptly, and a "shell" of pyrite encased the copper minerals
as the vein mineralization terminated in the limestone beds.
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The mineralization fingered out parallel to small faults or 
shear structures which were parallel to the footwall fault. 
The hanging wall fault of the vein did not continue upward 
completely through the Iron mineralization in the beds, and 
it may have passed into a fault along the footwall of the 
north replacement beds. In this sublevel, ankerite was 
lacking above the vein structure, and the entire zone of the 
replacement beds contained massive pyrite and specularite.
A small area of chalcopyrite and bornite lies in the south 
replacement beds near the upper termination of the vein.

(7 .5 ) Mineralization Fringes or Boundaries
The mineralization fringes or boundaries between 

barren replacement horizon limestone and mineralized beds 
are of special interest. The mineral fringes have two 
outstanding features; l) the barren limestone-mineralized 
bed contact is very sharp with only minor fingering out of 
the mineralization, and 2 ) in plan, the fringes follow 
either nearly straight lines or gentle curves modified only 
by offsetting fault structures. Plates I and IV illustrate 
the fringe outlines.

The mineralization fringes fall into three types, 
based on the relationship of the mineral to the barren lime
stone. The types are: l) fault, 2 ) barren-wall, and 3) 
combination.
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In the first type (Figure 7.5a)j a fault forms the 

boundary between the replacement horizon which is fully 
mineralized on one side and completely barren on the other 
side. These are pre-mineral faults, and two major structures 
showing fault control of the boundary have been noted. Both 
of these control the boundary for a hundred feet or more and 
belong to the early fault system. One is an east-trending 
fault and the other is a northwest-trending fault. The 
vertical displacement on these two structures is less than 
two feet. In many places throughout the deposit, a fault 
belonging to the later northeast system may form the fringe 
for a short distance. At such places the northeast-trending 
faults lie along a projection of the mineral fringe. The 
northeast-trending faults generally record post-hematite 
movement which indicates that their position along the 
mineral fringe was fortuitous. Two fault control boundaries 
are shown on Plate IV. In the southwest corner of area EX 
a short northwest structure very sharply controls not only 
the fringe boundary but also the grade of mineralization.
The northeast fault controlling the fringe in area CX is 
traceable into the mineralized part of the deposit in area 
DX with no apparent control on the grade of mineralization. 
Post-hematite movement was recorded along this fault structure.

The barren-wall type fringe (Figure 7.5b) is by far 
the most common. The mineralization in the fully replaced
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horizon abruptly ends at this contact. Fingers and pods 
generally extend into the barren limestone for about six 
inches, and in a few places they extend as far as three 
feet. The south fringe of the ore body shown in Plate IV 
is the barren-wall type except along the two faults noted 
above.

The third, or combination, type fringe is so named 
because it exhibits characteristics of the first two types. 
A vertical section (Figure 7.5c) constructed.perpendicular 
to the fringe typically shows a fault which partly controls 
the replacement in the mineralized horizon. Past this 
fault and toward the fringe contact, the top limit of the 
mineralization begins to drop downward away from the true 
hanging wall of the replacement horizon. The distance 
between the hanging wall and the top of the mineralization 
depends upon the 'distance between the fault and the final 
cutoff (a barren-wall type), but rarely exceeds one-half 
of the total thickness of the replacement horizon at the 
point of cutoff. The fault in the combination type fringe 
can generally be traced into the barren limestone where it 
becomes, for a short distance, a fault type cutoff. The 
combination type fringe is rare and only modifies the over
all shape of the ore body outline in a minor way.

Both the north and south fringes of the ore body 
(Plate I) lie approximately in an east-west direction, sub-



parallel to the vein structure, and they are predominately of 
the barren-wall type. Many observations along the barren- 
wall -type fringe have not yet revealed an adequate explanation 
for the linearity of the fringe. Structural deformities are 
not visible along the fringe contact, and the detailed struc
tural contour map (Plate II) supports the visual observations* 
The thickness of the replacement horizon varies throughout 
the deposit, but no consistent thickening or thinning has 
been observed as the fringe is approached. Bioherm struc
tures have not been noted anywhere within the deposit or in 
the barren fringe limestone.

Mineralization fringes not only form the extreme 
north and south boundaries of the deposit, but are also 
found in four areas where barren replacement embayments 
project down-dip into the ore body (Plate l). Located in 
areas BU and CU of Plate IV is a part of one of the embay
ments. The same three types of fringe cutoff are found in 
these areas, and again the barren-wall type is predominant.

As was noted in section 7.3, the replacement horizon 
beds are generally completely replaced or completely barren 
except for occasional lenses of unreplaced limestone whose 
thickness is less than one foot. A few large barren blocks 
or lenses two to four feet thick and several tens of feet 
long lie in the mineralized limestone. Most of these blocks 
lie down-dip from the ending of one of the barren limestone
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embayments. Figure 7 . 6  is a sketch, in plan and section,
showing the barren embayment partly exposed in areas BU and 
CU of Plate IV. The barren-wall type fringe completely 
surrounds the embayment, and in the mineralized horizon un
replaced blocks lie only down-dip from the embayment.



8 . GEOLOGIC CONTROLS OF THE MINERALIZATION

(8.1) Favorable Character of the Martin Limestone
At Magma, the lower sequence in the Martin lime

stone contains the only units which have been sufficiently 
mineralized to warrant extensive exploration and develop
ment. Copper-zinc mineralization was noted in this horizon 
during the stoping of the "zinc country" in the levels above 
the 2250 level of the mine adjacent to both the Main Vein 
and the South Branch Vein. Geologic maps of the upper 
levels also indicated that the zone of mineralization 
widened in the areas near the Troy-Martin contact, although 
the values were not commercially attractive at the time the 
drifts were driven.

The physical-chemical characteristics of the re
placement horizon in the Martin limestone have not been 
sufficiently studied to permit any definite conclusions as 
to why this particular horizon is the locus for the intense 
amount of iron and copper mineralization. Several studies, 
involving chemical analysis for various constituents, have 
been undertaken across the mineralization fringe zones, but 
the interpretation of the data is inconclusive.
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(8 .2 ) Faults

The northeast-trending rotational fault structures 
are coincident with the higher grade ore shoots within the 
massive mineralized replacement horizon. The mineraliza
tion grade map (Plate IV) of the detailed area shows this 
directional control. Repetition of this directional con
trol has been found wherever detailed maps have been com
piled. The north-trending direction is also quite favor
able in some areas, but is secondary to the north-easterly 
trend.

At the present time an incomplete study of the 
fracture pattern within the Troy quartzite indicates that 
the most heavily mineralized shear and fault structures 
belong to the northeast system.

(8.3) Flexures
Minor flexures have a noteworthy influence on the 

control of mineralization. Three generalizations can be 
made concerning these flexures on the footwall of the re
placement horizon: l) the trough-like structures do not 
seem to influence any trend, 2 ) low-grade mineralization 
is generally associated with terraces on the sloping surface, 
and 3 ) extreme high grade mineralization is associated with 
sharp monoclinal flexures on the sloping surface.

The three generalizations are derived by comparing 
the structure contour map (Plate II) and the mineralization
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grade map (Plate IV). The trough structures located In 
areas CV and CW contain both low-grade and high-grade copper 
mineralization. The terrace flexures In areas BV, BW-BX,
BW, CV, DU-DV, DV, and DX are all associated with low-grade 
copper mineralization. The sharp monocline flexures In 
areas EU-EV and DX-EX are associated with the very high- 
grade boroite-chalcocite mineralization.

(8.4) Direction of Travel of Ore-Bearing Solutions
An unpublished ore-grade map and an overlay showing

major fault structures, b o th  c o m p ile d  by  th e  w r i t e r ,  a re  in  

the files of Magma Copper Company. 'Die correlation of 
these maps clearly indicates the role of the northeast 
rotational faults in the overall control and trend of the 
ore. This relationship indicates that the rotational 
faults are the logical feeder structures for the introduction 
of the copper mineralization fluids.

A study, presently under way, indicates that the 
northeast faults and ore trends continue from the South 
beds and cross the South Branch Vein and continue into the 
North beds. The trend may be partly deflected or offset 
eastward down the vein before continuing the northeast trend.

An answer to the paramount questions concerning the 
method, sequence, and direction of the introduction of the 
mineralizing fluids would require a more comprehensive study 
of the deposit than was possible at this time.



9. SUMMARY, CONCLUSIONS, AND SUGGESTIONS FOR FURTHER STUDY

In summary, the massive specularite mineralization 
with substantial copper values, found in the lower units of 
the Martin limestone, has contributed much to the operations 
of the Magma Copper Company at Superior, Arizona. This 
stratlgraphically and structurally controlled mineral de
posit is unique in the operations of the company, and the 
many problems involved in exploration, development, and 
mining of this deposit have been a challenge to the mining 
and geology staff.

The results of this study of the deposit, based on 
over four years of mapping and sampling in the area, have 
been encouraging, However, many problems remain, and de
tailed comprehensive studies of these problems should be 
continued and expanded.

(9.1) Summary of the Important Conclusions
A summary of the important conclusions are listed in 

the following paragraphs:
1 . Faulting: The sequence in the faulting is well 

established. The system of east- and northwest-trending 
faults is early. The late system includes an early trans
lational northeast series, a north-trending series, and a 
late rotational northeast series.
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2. Porphyry Intrusion: The quartz porphyry dike was
emplaced following the movement on the early translational 
northeast faults and prior to the north-trending faults and 
the late rotational northeast-trending faults.

3. Mineralization: The mineralization was intro
duced in two stages. The early iron-rich and copper-poor 
phase preceded the north-trending faults, and the late copper
bearing phase followed the north-trending faults and the late 
rotational northeast-trending faults. From the structural 
evidence it is concluded that the copper-bearing phase is 
younger than the emplacement of the quartz porphyry.

4. Structural Control: . Structure exerts a note
worthy control on the high-grade ore shoots. Two types of 
structure'- are most favorable in localizing areas of high- 
grade bomite-chalcocite mineralization: a) late northeast- 
trending rotational faults, and b) sharp monoclinal folds 
on the footwall of the replacement horizon.

(9.2) Suggestions for Further Study
Detailed studies within the deposit should be supple

mented by studies of the regional problem of structure and 
stratigraphy. The following projects are suggested:

1. Mineral Paragenesis: A detailed study of the
mineral paragenesis, both ore and gangue, should be under
taken . The study should include the lateral and vertical 
distribution of the minerals and any change in the form or
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composition of the minerals. The study would he invaluable
in deciphering the change in the mineralizing fluids with 
the successive deposition of the minerals.

2. Faulting: Although the sequence is well
established, minor exceptions have been noted and deserve 
further study. The study should re-evaluate the types of 
faults, their relationship, and the spatial relationship 
of the various minerals with the faults.

3. Alteration: An alteration and mineralogic study
of the limestone surrounding the ore body, coupled with a 
permeability-porosity study, should provide important clues 
in the localization of the mineralization.

4. Iron Mineralization: An important project
would include the specific study of the early pyrite and 
hematite mineralogy and the structural conditions during 
the time of their deposition. Hie recognition of the in
fluence of the iron mineralization on the later copper- 
bearing phase would be a valuable guide in the exploration 
for copper ore shoots.

5. Diabase-Quartzite: Important clues may be avail
able within the mine area for determining the age and struc
ture of the great mass of diabase. The relationship between 
the quartzites and the diabase may also be resolved through
a critical study in the underground workings.

6. Martin Limestone; A regional study of the 
Martin limestone is needed, with special emphasis on the
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sequences near similar replacement ore bodies. Detailed 
stratigraphic sections of surface and underground units and 
their correlation should be included in any study. Special 
emphasis should be placed on the apparent thinning ( by 
metamorphism ?) of the formation near the replacement mineral 
deposit at the Magma mine.
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