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ABSTRACT

The general area is composed of Pinal schist 
intruded by quartz monzonlte, quartz dlorlte, and apllte, 
overlain unconformably on erosional and faulted surfaces 
by Tertiary volcanics which grade into the Pantano forma
tion. Quaternary volcanics also outcrop in the area. 
Tilting of the rocks occurred after deposition of the 
volcanics, with subsequent erosion forming a probable 
pediment.

Copper mineralization is controlled by fault and 
dike structures in Tertiary volcanics at the Big Mine and 
in Pinal schist at the Blue Star mine. Barite is common 
at the Big Mine. Possibilities for extensive mineraliza
tion are believed to be small in the vicinity of these 
two mines.

A large pediment area with extensive disseminated 
copper mineralization and alteration is found at the San 
Juan claims area. The most characteristic feature of the 
outcrops is the presence of large amounts of chrysocolla, 
malachite, and chalcocite, accompanied by an almost total 
lack of pyrite. This mineralized area offers sufficient 
promise as a possible porphyry copper deposit to warrant 
further exploration.

x



CHAPTER I

INTRODUCTION

Purpose of Work

The primary purpose of this thesis was to 
survey a 14-1/2 square mile area containing extensive 
mineralization, attempting to discover any guides to 
mineralization which might be present. Smaller areas 
of interest were then selected and mapped at a larger 
scale.

Since the survey required completely traversing 
the area, a second purpose of the investigation was to 
map and note any general geologic features which might 
be encountered. This included the compilation of an 
accurate outcrop map.

Previous Work

The earliest located report concerning the Owl 
Head mining district was published in 1912 by B. 0.
'Pickard, Engineer of Mines, Phoenix, Arizona. His report 
was primarily concerned with the history, general geology, 
and mineralization of the Apache mines which are located
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approximately one mile south of the mapped area. A deep 
drilling program was recommended.

The Geologic Map of Pinal County, Arizona, was 
published in 1959 by the Arizona Bureau of Mines. Small 
in scale (1 :3 7 5,0 0 0), this map served as a useful source 
for the general geology of the area.

C. J. Halva in 1961, as part of a study of 
southern Arizona basalts, analyzed the basalt-like dike 
that composes a major portion of the Three Buttes and 
other closely associated hills. This dike is approxi
mately three-quarters of a mile east of the mapped area. 
Found to be an augite basalt, Halva estimated its age 
as Plio-Pleistocene.

In 1962, C. F. Barter made a study of the greater 
portion of the Tortolita Mts. Quadrangle, including all 
of the mapped area. The purpose of this study was to 
map the general geology of the district, including min
eralization. Map scale was 1:62,500.

Methods and Procedures

A study was made in which the area was completely 
covered and mapped at a scale of 1 :12,0 0 0, followed by 
detailed mapping of a smaller portion at a scale of

1:1200.



; Since previous mapping in the area had been at 
a scale of 1 :375*000 and 1 :6 2,50 0, it was not possible 
to use these outcrop maps as a base map. Stereo air 
photographs at a scale of 1:48,000 were obtained from 
the United States Geological Survey and enlarged to 
1:12,000 for the survey. Further enlargement of the 
photos for use in the detailed mapping was not possible, 
due to a lack of resolution. Photographs of this area 
were taken from a light plane flying approximately 2500 

feet above the ground. Enlargements were obtained to 
a scale of 1 :1200. Distortion due to tilt was detected 
by making measurements on the ground between points 
which could also be accurately measured on the photo. 
These measurements were made near each corner of the 
photo. Necessary corrections were made after the area 
was completely mapped on a photo overlay.

Outcrop boundaries were mapped primarily from 
the photographs, using tone differences and stereo 
effect. All contacts were field checked and corrected 
during the course of the outcrop examinations, with 
those outcrops not observed on the photographs being 
added. Many "outcrops", particularly in the central 
portion of the mapped area, actually consisted of a 
number of small scattered outcrops rising slightly above



associated talus. With this in mind, outcrop area 
boundaries were mapped as definite, approximate, or 
Indefinite. Outcrops, mineralization, and other geolo
gic features were recorded on two photo overlays.

Structure (faults, veins, dikes, bedding, flow 
layering, schistosity, and fracturing) was mapped by 
field Investigation and by stereo photo study followed 
by field check. Faults and veins located by field 
investigation were mapped as definite, while those 
indicated by linear features on stereo coverage but not 
verifiable by field check were mapped as possible. Fault 
and vein extensions indicated but not proved by field 
investigation were also mapped as possible. Strike and 
dip of volcanic flow layers were, for the most part, 
determined by measurement of elongated vesicles.

Strike and dip of fracture sets, faults, veins, 
and dikes were measured throughout the area. Strikes 
were plotted on a polar coordinate graph in an attempt 
to determine any major structural trends.

Some strike and dip measurements of flow layering 
in the Tertiary, volcanics and schistosity in the Pinal 
schist were obtained from Barter (1962) and are so
indicated.



5
Mineralization and alteration were studied by 

use of the hand lens, the binocular microscope, polished 
specimens, and thin-sections.

Final results of the survey are shown on Plate 
I at 1:12,000, with the smaller area shown on Plate III 
at 1:1200. Plate II, a sepia print, presents topography 
of the area obtained from the Tortolita Mts. Quadrangle 
of the United States Geological Survey. It is designed 
to be superimposed over Plate I.

# $



CHAPTER II

GEOGRAPHY

Size and Location

Containing approximately 1A-1 /2 square miles, 
the mapped area is located within the Owl Head mining 
district of Pinal County in south-central Arizona, near 
meridian 111°5’ and parallel 32°391> see Figure 1. 
Primary access is by the Red Rock road, which intersects 
U. S. Route 89 north of Tucson, Arizona. It is possible 
to drive to within approximately one mile of any point 
in the area on a secondary or mine road.

Climate (Smith 1956)

The semi-arid climate of southern Arizona is 
characterized by mild winters and warm to hot summers, 
low humidity, and abundant sunshine. Although no 
weather stations exist in the mapped area, temperature 
and rainfall information can be projected from near-by 
stations.

Rainfall is approximately 12 inches per year, 
with maximum amounts falling in July and August, and

6
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minimum amounts falling in April, May, June, and October. 
Afternoon thunderstorms are common during the summer 
months. Occasional snowfalls occur during the winter 
months, but usually melt within days.

Because of an unusual lack of moisture, clouds, 
and smoke, a rather wide temperature range exists 
between day and night. High and low temperatures of 
about 108 degrees and 60 degrees occur during the 
summer months of June and July. Winter highs and lows 
for December, January, and February average about 78 

degrees and 26 degrees.

Flora and Fauna

Two flora assemblages exist in the general area: 
desert grassland and southern desert shrub. See Figure 
2 . Occurring immediately south and east of the mapped 
area, the desert grassland assemblage is important 
economically for grazing. It is the most productive 
of the forage types occurring in southern Arizona, being 
able to carry from 10 to 30 head of cattle per section 
on a long-time basis. Occurring most typically between 
elevations of 3000 and 5000 feet, it is composed pri
marily of grass species, most Important of which are



MILES

ROCK

LEGEND

s o u t h e r n  d e s e r t  s h r u b

DESERT GRASSLAND 
CHAPARRAL 
MAPPED AREA

Figure 2. Range Forage Types in Vicinity of 
Mapped Area. From Humphrey (i9 6 0)



the grama grasses. Among other plants which may be 
present are cholla cactus, ocotlllo, mesquite, and burro- 
weed.

Southern desert shrub Is the most extensive 
vegetation assemblage In southern Arizona, and occupies 
approximately 35$ of the total state area. The entire 
mapped area is covered by this assemblage. Of little 
grazing value, its carrying capacity usually ranges from 
about 3 to 6 head of cattle per section on a long-time 
basis. Most forage obtained in this type is produced 
from shrubs, very little from grasses. The vegetative 
assemblage varies widely, with shrubs, low-lying trees, 
and cacti dominating (Humphrey, i9 6 0). Certain trees, 
such as palo-verde, mesquite, and catclaw are most 
common near the washes where moisture is more prevalent.

Wildlife is abundant in the area, consisting of 
types commonly found throughout the semi-arid Southwest. 
Larger animals include deer, Javalina, bobcat, and 
coyote. Cottontail, black-tail, and antelope jackrab- 
bits are abundant. Numerous quail and dove inhabit the 
area, along with owls, vultures, and hawks. Rattlesnakes 
and other snake varieties are common. Gila monsters are 
no doubt present but are rarely seen. Probably the most 
common types of wildlife, however, are the smaller rep
tiles and burrowing mammals.

10
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Present Use

Cattle ranching Is the predominant Industry.
No permanent dwellings are located within the mapped
area.



CHAPTER III

GEOLOGIC HISTORY

Recorded geologic history began with deposition 
of sedimentary and possibly volcanic rocks, followed 
by metamorphism during the Mazatzal Revolution (Barter 
1962) to what is designated as Older Precambrian Pinal 
schist. Intrusion of an Older Precambrian quartz mon- 
zonite followed. Into this rock complex was intruded a 
quartz diorite, possibly during the Laramide Revolution, 
followed by other granitic rocks and aplite.

Almost completely surrounded by Paleozoic sedi
mentary rocks, the Owl Head mining district is totally 
lacking in Paleozoic and Mesozoic outcrops. This 
probably indicates that they were deposited but later 
uplifted and eroded away (Barter 1962).

During late Cretaceous or early Tertiary time 
the area was metamorphosed, with rocks north of the Red 
Rock Road being cataclastically deformed (Barter 1962).

Numerous volcanic flows and pyroclastic deposits 
with occasional arkose beds formed during early Tertiary 
time. The upper flows were interbedded with sedimentary 
beds of the middle Tertiary Pantano formation, which

12



resulted from erosion of the volcanic rocks and sur
rounding highlands. Tilting, deposition of Quaternary 
volcanic rocks, and further tilting followed. The area 
was then eroded to a probable pediment and covered by 
Quaternary alluvium. At least two periods of erosion 
followed, the last still in progress.

Mineralization and alteration occurred after 
deposition of the Tertiary volcanics. It is possible 
that an earlier mineralization and alteration epoch 
occurred during the Laramlde Revolution.



CHAPTER IV

GEOMORPHOLOGY

General

Southern Arizona is comprised of mountain ranges 
separated by broad alluvial valleys characteristic of 
the Basin and Range Province. The Owl Head mining dis
trict and surrounding area is typical of this environ
ment.

Recent deformation in the area has been relatively 
mild. This, coupled with a semi-arid climate has prob
ably contributed to the existence of pediments and 
associated land forms. Work by Barter indicated the 
existence of these land forms but did not definitely 
confirm them. Confirmation was made, however, of several 
periods of erosion of the alluvium cover through obser
vation of multiple concordant levels on alluvial hills 
(Barter 1962).

Drainage of the general area is by washes which 
run only during and after heavy rainstorms. Major 
washes include Coronado Wash, Suizo Wash, and Parker 
Wash, all of which drain to the west in a parallel 
pattern.

14



Land forms in the mapped area consist of 
mountains to the north and buttes to the south, with 
a westward-sloping alluvial plain between. Maximum 
elevation is approximately 3530 feet, occurring one 
and one-half miles southeast of Chief Butte. A minimum 
elevation of approximately 2680 feet occurs west of the 
Suizo Mountains on the alluvial plain.

Suizo Mountains

The northern portion of the mapped area consists 
essentially of one elongate massive outcrop of Pinal 
Schist and biotite gneiss with an axis trending north- 
northeast and a maximum relief of approximately 730 
feet. The outcrop is completely surrounded by alluvium. 
See Figure 3.

Alluvial Plain

General: The area between the Suizo Mountains
and Chief Butte resembles a pediment, with outcrops 
protruding from an alluvial cover. More specifically, 
the terrain consists of low rolling hills of alluvium 
and outcrops, with numerous washes. Most "outcrops" 
occur as low hills up to approximately 50 feet in height 
consisting of abundant talus with small, scattered



Figure 3. Aerial Photo with Mapped Area Out
lined. The Suizo Mountains are in the Back
ground, the Alluvial Plain in the Center, and 
the Butte Area in the Foreground.



outcrops at ground level or protruding slightly. See 
Figure 3. Some outcrops occur only along washes, being 
completely covered by alluvium. Although there are 
minor variations in occurrence of the various rock types 
present, they all follow the basic form as described 
below.

Volcanics and the Pantano Formation: "Outcrop
areas" are characterized by talus mounds with varying 
numbers of small, scattered outcrops at ground level 
or protruding up to approximately three feet.

Pinal Schist: "Outcrop areas" are also char
acterized by talus mounds with varying numbers of small, 
scattered outcrops. These outcrops, however, are pre
dominantly ground-level or slightly above, many times 
with a jagged appearance due to their schistose nature. 
An exception to this occurs near the shaft on the San 
Juan claims group, where a quartzose member of the Pinal 
schist outcrops in more massive form to a height of over 
six feet.

Intrusives: Aplite outcrops consist of small
, tabular masses protruding three or four feet above the 
ground with associated talus to either side. Quartz 
diorite "outcrop areas" occur as scattered ground-level 
outcrops with a talus cover of coarse quartz-feldspar 
sand, pebbles, and cobbles.



Butte Area

‘ The south-central portion of the mapped area is 
characterized by buttes of volcanic rocks and associated 
talus, with a maximum relief of approximately 340 feet. 
Pinal schist, aplite, and quartz monzonite outcrop 
southwest of the buttes, while the volcanics and Pantano 
formation outcrop to the northeast. See Figure 3. The 
Pinal schist and aplite occur as previously described. 
Quartz monzonite occurs as scattered ground-level out
crops with a talus cover of coarse quartz-feldspar sand, 
pebbles, and cobbles.



CHAPTER V

METAMORPHIC ROCKS

Biotlte Gneiss

An Older Precambrlan gneiss containing a relative 
high percent of biotlte outcrops in the Suizo Mountains 
immediately south of the Coronado Wash, underlying other 
biotite-poor schists and gneisses of the Pinal schist 
complex. The biotlte gneiss foliation, biotlte gneiss- 
Pinal schist contact, and the Pinal schist foliation 
and relic bedding are all parallel (Barter 1962). Its 
designation as a separate rock unit was made by Barter 
with the realization that it might be a lower portion of 
the Pinal schist complex.

Granitoid to gneissic in character, the white 
gneiss is composed of quartz, feldspar and/or sericite, 
muscovite, and biotlte, with garnets up to one-half inch 
in diameter. It weathers in a crumbly nature to white 
and light yellow-brown, with spotty coatings of "desert 
varnish." Quartz, white feldspar, muscovite pegmatite 
dikes ranging in width from less than one inch to over 
one foot are found in the gneiss.
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Additional field work and possibly geochemical 

age-dating will need to be performed before the true 
relationship between the biotite gneiss and Pinal schist 
can be determined. An older age for the biotite gneiss 
would be of particular interest, since the existence of 
"pre-Pinal schist" rocks has only been inferred.

Pinal Schist

Older Precambrlan Pinal schist outcrops through
out most of the mapped area. Generally speaking, the 
Red Rock road separates the Pinal schist into two types. 
North of the road the rocks have been subjected to a 
period of rather intensive cataclastic deformation, 
while south of the road they have undergone only mild 
metamorphism and show the characteristics of the green- 

schist facies (Barter 1962).
Rocks of the greenschist facies are composed 

of phyllites and schists which weather to oranges, browns, 
blacks, and blues. Fresh surfaces also exhibit these 
darker shades. This contrasts with the lighter schists 
and gneisses north of the road in the Suizo Mountains 
which weather white to orange-brown and gray, with accom
panying "desert varnish." These latter rocks can be 
described as quartz-sericite-muscovite schists and augen



gneisses (Barter 1962), with small garnets scattered 
throughout. The schist in the Suizo Mountains is 
characterized by alternating layers of white and gray, 
which Barter indicates to be relic bedding. Foliation 
strikes NNE. and is parallel to this relic bedding.

Quartz -white feldspar -muscovite pegmatites 
from less than one inch to over one foot in width are 
found at scattered points in the Pinal schist of the 
Suizo Mountains.

Six samples from the Pinal schist near Ray, 
Arizona, were analyzed and gave a Rb-Sr isotopic date of 
1500 + 150 million years (University of Arizona 1966). 
Ray is located 35 miles NNE. of the mapped area.



CHAPTER VT

INTRUSIVES

Quartz Monzonlbe

A coarse-grained (crystals larger than 5 mm but 
less than 20 mm in average size) quartz monzonite (Barter 
1962) outcrops in the extreme southwest corner of the 
mapped area. Phenocrysts of plagioclase (Barter 1962) 
and extensive biotite are characteristic of this rock 
which contains both white and pink feldspar. Color of 
both fresh and weathered surfaces is determined by the 
dark biotite, clear quartz, and the pink and white 
feldspar. Composition of the plagioclase is approxi
mately that of oligoclase (Barter 1962).

Age of the quartz monzonite is given as Older 
Precambrian on the Geologic Map of Pinal County. Barter 
(1962) indicates his agreement with this age because of 
the similarity of the quartz monzonite to the nearby 
Oracle Granite (quartz monzonite). Rb-Sr and K-Ar ages 
of 1420 to 1450 million years have been obtained from 
samples taken in the Oracle area (Thomas 1966) approxi
mately 20 miles to the east.

22
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Quartz Dlorlte

Much of the copper mineralization within the 
area occurs in a medium-grained (crystals larger than 
1 mm but less than 5 mm in average size) quartz dlorlte 
which outcrops in the central portion of the mapped 
area. It is holocrystalllne, phanerltic, and seriate, 
with euhedral to subhedral feldspar, subhedral to anhedral 
biotite and chlorite, and anhedral quartz. Its composi
tion can be approximated as follows: 40# quartz, 45#
plagioclase, 5% orthoclase, 7# biotite, and small amounts 
of mlcrocllne, chlorite, magnetite, and other accessory 
minerals. Composition of the plagioclase is approximately 
that of bytown!te, with the crystals being either concen
trically zoned or albite-twinned. Feldspar in the quartz 
dlorlte is white except for a pink variety which is a 
result of hydrothermal alteration. Color on both fresh 
and weathered surfaces is determined by the dark biotite, 
clear quartz, and white feldspar. Weathered surfaces 
are sometimes stained a rust-red color.

The quartz dlorlte outcrops in the southern 
portion of the pediment area. These outcrops range 
from areas of only a few square feet to an area of over 
50 acres. They are totally surrounded by alluvium, ex
cept for small areas in which they lie in contact with
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Pinal schist. In most instances the contact is covered; 
at some places it is faulted. In a small wash at coor
dinates 20,000 N., 18,500 E., however, an Intrusive 
contact between quartz diorite and Pinal schist is 
.clearly visible, proving the quartz diorite has intruded 
the Pinal schist. See Figure 4. A contact between 
quartz diorite and the Tertiary volcanics occurs at 
coordinates 17>300 N., 22,600 E., but the contact is 
faulted.

Measurements of schistosity on large outcrops 
of Pinal.schist indicate a relatively constant strike and 
dip over large areas. Measurements of the schistosity 
of the largest outcrop of Pinal schist south of the Red 
Rock road, which occurs immediately below the Tertiary 
volcanics, do not agree with measurements at other separated 
schist outcrops within the area of quartz diorite. This 
would seem to indicate that blocks of schist have been 
disturbed, and some are perhaps in the form of xenollths 
due to a stoping effect of the quartz diorite intrusion.
The intermixed nature of these two rock types also supports 
this possibility.

The quartz diorite is not differentiated from the 
main mass of quartz monzonite on either the Geologic Map 
of Pinal County or on the map by Barter (1962). It is felt
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Figure 4. Intrusive Contact Between Pinal 
Schist and Quartz Diorite.



however, that a later age, perhaps Laramide, might be 
more accurate. The primary reason for this assumption 
is the presence of disseminated copper in the intrusive. 
In six Southeastern Arizona mining districts it has 
been demonstrated that the igneous rocks related to the 
ore deposits range in age from 56 to 72 million years, 
which is the approximate time period for the Laramide 
Revolution (Anderson 1966). The Ray deposit, thought 
to be of Laramide age, resembles the mineralization in 
the mapped area by occurring in both a probable Laramide 
intrusive (although a quartz monzonite porphyry instead 
of a quartz diorite) and the Pinal schist (Metz 1966).
A definite age, however, can be obtained only after much 
more work has been done in the area, and probably only 
after geochemical age dating.

Miscellaneous Granitic Rocks

A porphyrltic, medium-grained, holocrystalline, 
phaneritic, intrusive rock composed of quartz, feldspar 
(some albite twinning was observed), and biotite, out
crops at coordinates 13,100 N., 21,600 E.; 13,000 N.,
22,000 E.j and 12,900 N., 22,100 E. It is locally 
colored red on both fresh and weathered surfaces due 
to iron staining. Normal color is a very light pink.



with numerous white feldspar phenocrysts. No minerali
zation was found associated with this rock.

A contact between the intrusive rock and volcanics 
is present at coordinates 12,900 N., 22,100 E. A basal 
volcanic flow contains fragments of the intrusive indicat
ing the contact is most likely on an erosion surface.
The contact could be faulted but only with small displace
ment.

The intrusive is older than aplite.
A second intrusive is present in the quartz dio- 

rite at coordinates 13,100 N., 21,200 E. A porphyritic, 
medium-grained, holocrystalline, phaneritic rock, it is 
characterized by a pink color on both fresh and weathered 
surfaces. Devoid of quartz, its matrix is composed of 
pink feldspar and fine-grained biotite altering to chlorite, 
with phenocrysts of pink feldspar. No mineralization 
was found associated with this rock.

Aplite
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A fine-grained (average crystal size less than 
1 mm) pink aplite is found in the southwestern portion 
of the mapped area bordering a large outcrop of Pinal 
schist. Near coordinates 10,600 N., 20,800 E., it out
crops as dike-like bodies up to approximately 20 feet wide



and 150 feet long, trending N. 75° W. Although the 
individual bodies are parallel, they do not connect 
to form dikes as such. Each short outcrop occurs along 
the summit of a hill which is covered by aplite talus 
to either side. From scattered outcrops which occur 
between the aplite exposures it appears that most of 
the aplite intrudes the quartz diorite. At its southern 
margin, however, outcrops of schist between the aplite 
exposures indicate it has also intruded the schist.
White opaque "bull" quartz and quartz, pink feldspar, 
muscovite, tourmaline pegmatites occur throughout the 
aplite outcrops as small dikes ranging to over one foot 
in width and apparently also as small irregular masses.

The aplite near coordinates 3200 N., 27,000 E. 
is of the same type as that of point 10,600 N., 20,800 E. 
with the exception that it has intruded the quartz monzo- 
nite instead of the quartz diorite. From the relation
ship of the aplite to the quartz diorite or the quartz 
monzonite and the Pinal schist, it would appear that it 
was intruded along the general contact area of the large 
Pinal schist block, occurring in all three rock types.

The aplite is younger than the quartz diorite, 
which it intrudes. Its age therefore depends on the 
age of the quartz diorite. Since the latter is assumed



to be Laramide, the aplite is also Laramide or younger. 
Direct field relationships suggest that the aplite is 
older than the Tertiary volcanics.

Dike Rocks

Intermediate and basic dike rocks are found in 
the Pinal schist of the Suizo Mountains, the Pinal 
schist south of Chief Butte, the quartz monzonite, the 
quartz diorite, and the Tertiary volcanics. They are 
also found within the area of aplite outcrops, but are 
isolated by talus. A probable dike rock is found on
the dump of the caved inclined shaft at Big Mine south.
There are, however, no outcrops visible and it was not 
possible to determine whether this rock has been Intruded
into the fault or has been faulted into its present posi
tion. Other examples are found at coordinates 33,400 N., 
9800 E.J 3 2 ,4 0 0 N., 8600 E.; 3 1 ,6 0 0 N., 9000 E.; 1 2 ,9 0 0 N., 
22,200 E.j 8600 N., 22,400 E.; and 65OO N., 24,800 E.

It was possible to determine strikes on four 
dikes and the fault structure described above, four of 
which fell between N. 15° W. and N. 68° W., indicating 
a northwest structural trend. The fifth dike had a 
strike of N. 08° E. Additional outcrops are present 
in the area but their strikes could not be measured.
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Widths of two measurable dikes in the Suizo Mountains 
are approximately 10 feet and 25 feet.

Age of the dike rocks is not known. They occur 
in rocks of Older Precambrian age to rocks of Tertiary 
age. If all were intruded during one epoch they would 
be Tertiary or Quaternary. If not, they could range 
in age from Quaternary to Older Precambrian.



CHAPTER VII

EXTRUSIVES

Tertiary Volcanlcs

Outcropping in the Chief Butte area is a sequence 
of effusive rocks approximately 5500 feet thick, composed 
of acid to intermediate ignimbrites and tuffs (Barter 
1962), and rhyolitic to basaltic flows. The acidic flow 
rocks tend to form the tops of buttes and hills. Degree 
of vesiculation varies with rock type, increasing as the 
rock becomes more basic. Highly vesicular basalts are 
common.

Two thin arkose beds were found within the vol
canic sequence. A brown-gray bed with particles up to 
approximately one-tenth of an inch occurs at coordinates 
17,800 N., 23,600 E., and a pink bed with particles up 
to approximately one-fiftieth of an inch occurs at coor
dinates 11,100 N., 23,700 E.

Color of weathered outcrops ranges from dark in 
the basalts to light in the rhyolites. Blacks, grays, 
browns, tans, reds, purples, blues, and whites are found 
within the sequence on both weathered and fresh surfaces.
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Color within a flow is usually constant with the exception 
of some intermediate flows which are mottled in blues, 
reds, and whites.

Layering of the flows has a consistent strike 
of N. 40° W., with dips ranging from 50 to 75 degrees 
to the northeast. The contact between these flows and 
the underlying Pinal schist west of the Big Mine can 
occasionally be seen. It is evident that the basal 
volcanic units flowed onto a relatively clean erosional 
surface, incorporating schist fragments into the flow 
(Barter 1962). At coordinates 17,300 N., 22,600 E. a 
contact exists between volcanics and quartz diorite. 
Unfortunately this is a fault contact. With respect 
to the quartz monzonite, Barter indicates that avail
able evidence suggests that the volcanic flows extruded 
onto a relatively clean erosion surface. No volcanic- 
quartz monzonite contacts are present in the mapped 
area. The flows at the top of the sequence are inter- 
bedded with sedimentary beds of the overlying Pantano 
formation.

Since the lower beds of the Pantano formation 
have been dated at 3 2 .8 + 2 .7 million years and 
3 6 .7 + 1.1 million years (see section on Pantano forma
tion), the underlying and interbedded volcanics are 
probably early Oligocene.
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Quaternary Volcanlcs

Located immediately north of the Red Rock road 
are a number of outcrops of extrusive rocks which are 
mapped as Quaternary on the Geologic Map of Pinal County. 
These outcrops consist primarily of andesitic and basaltic 
flows with varying degrees of vesiculation. Highly 
vesicular rocks are common. Rock color, both fresh and 
weathered, is predominantly dark with various shades of 
black, gray, purple, blue, red, brown, and tan. Color 
within a flow is usually constant, with the exception 
of some non-vesicular andesitic rocks which are mottled 
in blues and reds.

Within the volcanic sequence at coordinates 
24,900 N., 16,800 E., there appears a thin, fine-grained 
arkose bed which is tan-gray on both fresh and weathered 
surfaces. Grain size ranges up to approximately one- 
.fiftieth of an inch.

Flows in the southern outcrops appear to have a 
fairly constant strike of WNW. and dips of 60 degrees to 
75 degrees south. The northern series of flows, along 
with the arkose bed, appear to strike NNW. and dip 50 
degrees to 90 degrees to the east. All outcrops are 
completely surrounded by Quaternary alluvium.



CHAPTER VIII

SEDIMENTARY ROCKS

Mescal Limestone

A small outcrop of coarsely-crysfcalline white 
marble, tentatively identified by Barter (1962) as 
representing the Younger PreCambrian Mescal limestone, 
is present in the San Juan claims area. Although not 
personally observed during the course of the survey, 
its existence was verified by Mr. Glynn Burkhardt and 
Dr. W. C. Lacy. According to Barter it should outcrop 
near coordinates 18,000 N., 20,800 E.

The marbelized limestone is not mineralized 
(personal communication, W. C. Lacy).

Dripping Springs Quartzite

Barter (1962) suggests that Dripping Springs 
Quartzite is present in the general area of coordinates
18,000 N., 20,300 E. Quartzose members of the Pinal 
schist, however, could be present rather than the 
Dripping Springs Quartzite. This is suggested by the 
occurrence of quartzose rocks in the Pinal schist other
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than in the general area of coordinates 18,000 N.,
20,300 E. For this reason the quartzose rocks pre
viously designated as Dripping Springs Quartzite have 
been mapped as part of the Pinal schist.

Pantano Formation

Located northeast of Chief Butte, the Pantano 
formation is characterized by thin, poorly-sorted 
sedimentary beds of tan to red siltstones, sandstones, 
and conglomerates, with particles in the conglomerates 
ranging from pebbles to boulders. Only the lower beds 
are present in the mapped area, and are interbedded 
with flows of the Tertiary volcanics, forming a transi
tion zone between the two rock units. Tan sandstone 
beds seem to occur within this transition zone nearest 
the Tertiary volcanics, with red sandstone and conglom
erate beds occurring higher in the zone and in the 
Pantano formation proper. For purposes of mapping, 
the transition zone was considered as part of the Pantano 
formation. The boundary is somewhat indefinite.

Color of the beds is derived from the silt-and- 
sand-size material which forms the siltstones, sandstones, 
and the matrix of the conglomerates. Since, with the 
exception of conglomerate fragments, all the material is



approximately the same color, bedding is effected pri
marily by differences in grain size. Lensing, small 
channel fills, and some cross-bedding are also present.

Fragments in the lower unit conglomerates are 
primarily from the Tertiary volcanic sequence. This 
changes as one goes higher into the formation northeast 
of the mapped area. At Three Buttes, for example, 
pebbles are still of the Tertiary sequence, but cobbles 
and boulders are composed of a predominantly acid to 
intermediate igneous intrusive rock (Barter 1962).

Measured strike and dip of the Pantano formation 
in the mapped area varies from S. 43° E. to S. 57° E. 
and 72° E. to 80° E. It should be remembered that the 
Pantano formation in the mapped area is essentially a 
transition zone with interlayered volcanic Tertiary flows 
which have similar strikes and dips.

Age of the Pantano formation is given as Miocene 
in A Resume of the Geology of Arizona by E. D. Wilson.
Three K-Ar dates are available for the formation. An 
age of 24.4 + 2.9 million years was obtained from 
plagioclase in a mass of "Turkey Track" andesite in 
Cienega Gap along U. S. Highway 80 southeast of Tucson.
Ages of 32.8 + 2.7 million years on biotite and 36.7 +1.1 
million years on sanidine were obtained from a rhyolite

36



ash flow near the base of the Pantano section at 
Davidson Canyon and U. S. Highway 80 (Manger 1966).
These dates Indicate an age classification of Miocene 
to Oligocene, using the geologic time scale of Kulp,
1959 (Brice i9 6 0).

Quaternary Alluvium

Alluvium occurs primarily in the central portion 
of the mapped area as a shallow cover on a possible 
pediment. The alluvium is presently undergoing a period 
of erosion and was undoubtedly deeper in the past.
Barter (1962) states that there were two or more stages 
of erosion in the general area, as indicated by multiple 
concordant levels on alluvial hills.

The alluvium is composed of igneous, metamorphic 
and sedimentary rock debris ranging from silt to cobbles 
with the great majority of the material in the lower 
size-ranges. This material came from the immediate 
vicinity and from the higher areas to the east. Sup
porting this statement are: (l) drainage is to the
west, (2 ) a nearby pediment outcrop slopes gently to 
the west (Barter 1962), and (3 ) an extensive source area 
lies to the east.



Tilted and eroded volcanic flows dated as 
Quaternary on the Geologic Map of Pinal County outcrop 
within the mapped area. This indicates a Quaternary 
age for the alluvium.



CHAPTER IX

STRUCTURE

Regional

Analysis of lineament framework in the south
western United Stated by Mayo (1958) seems to indicate 
the existence of four shear directions: (l) northeast,
(2) northwest, (3) nearly north-south, and (4) nearly 
east-west. In many places these structural trends are 
discontinuous and their projections must be inferred.
A number of zones, indicated by faults, dikes, folds, 
foliation, and aligned intrusions, are recognizable 
extending in the four shear directions. The presence 
of important geologic features of intrusion and vol- 
canism at intersections of these various zones suggests 
a localizing influence, some of the major intersections 
having unusually pronounced and long-continued igneous 
activity (Mayo 1958). Billingsley and Locke (1933) also 
advocate the concept that structural intersections are 
particularly favorable for the escape of heat and 
fluids.
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Mayo (1958) places structural Intersections 

into four classes according to the number of zones at 
the intersection, types of zones, and presence of 
intrusions. Results of this classification are revealed 
by the importance and number of ore districts in each 
class - seven out of eight from class one, but only 
three out of six in class two and probably no major 
ore district (Mayo 1958).

The Owl Head mining district is located within 
the general area of two class one lineament intersections. 
See Figure 5 (the numbers are defined in the following 
paragraph). Among the mining districts included in the 
first intersection are those at San Manuel, Ray, Miami, 
Globe, Superior, and Mammoth. Zones which intersect in 
this area are the Texas lineament, the central Arizona 
belt, the Jemez zone, the Morenci belt, and the Utah- 
Arizona belt. The second intersection includes the 
mining districts of Twin Buttes and Silverbell. Inter
secting zones include the Texas lineament, the Morenci 
belt, the Utah-Arizona belt, and the southwest Arizona 
belt (Mayo 1958).

A brief description of each zone as given by 
Mayo (1958) is as follows, (l) The Texas lineament 
is by far the most pronounced tranverse belt, forming
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Figure 5. Structural Intersections Near the 
Mapped Area. From Mayo (1958).



the southern border of the tectonic framework of the 
western United States. See Figure 6 . Perhaps more 
than 150 miles wide in Arizona, it is characterized by 
elongated or aligned intrusions and nearly east-west 
faults. Its average bearing as given in Schmitt (1 9 66) 
is N. 75° W. (2 ) Beginning in the Chiricahua and Mule 
Mountains of southeastern Arizona, the central Arizona 
belt extends northwestward to the San Francisco volcanic 
field. See Figure 7. (3) The Jemez zone begins with a
southwest-trending trough in southern Colorado. Its 
existence in the Globe-Miami district is suggested by 
the alignment of post-Nevadan intrusions and other 
structural features. See Figure 7 . The Texas linea
ment and other structures appear to conceal this zone 
between Globe and Ajo. (4) Also vaguely defined is 
the Morenci belt, which may not extend as far as indi
cated in Figure 7 . Its existence at Morenci is marked 
by modifications at the northwestern ends of valleys.
(5) The Utah-Arizona belt trends north-south through 
central Utah and Arizona. See Figure 6 . In Utah and 
northern Arizona it forms a boundary between the pla
teaus to the east and the Basin and Range province to 
the west. (6 ) The southwest Arizona belt trends north
westward from the Patagonia and Santa Rita Mountains
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Figure 6 . East-West and North-South Structural 
Trends. Adapted from Mayo (1958).

ARIZONA

Figure 7. Northwest and Northeast Structural 
Trends. Adapted from Mayo (1958).



of southern Arizona into southern Nevada. See Figure

7.

Local

Major structural features in the area are 
shown on Plate I. They include dikes, faults, fault 
zones, and veins. Strikes, and in some cases, trends 
which were probably very close or identical to the 
strikes, were plotted on polar coordinates. Results 
indicate a northwest structural trend between N. 15° W. 
and Due West. See Figure 8 . Barter (1962) also found 
a northwest trend. This trend could perhaps be inter
preted as an indication of the Texas lineament and/or 
the central Arizona belt.

The mapped area in general can be described as 
well-fractured to brecclated, with the exception of the 
unfractured Pantano formation. Fracturing in the Pinal 
schist, quartz diorite, and quartz monzonlte was not as 
easily discernable as in the volcanics, due to the 
ground-level and weathered nature of many of the. out
crops. Where suitable outcrops were found, however, 
fracturing was extensive.

Over 70 strike and dip measurements of fracture 
sets were made to determine if any dominant fracture
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Figure 8 . Polar Coordinate Graph Showing
Structural Trend of Combined Dikes, 
Faults, Fault Zones, and Veins.



direction existed. A weak northwest trend was found 
to be present, but only because of extensive fracturing 
parallel to layering of the Tertiary and Quaternary 
volcanic flows. Otherwise, the strike measurements 
were spaced fairly evenly around the graph.

A characteristic feature of the volcanics is a 
spalling effect. In a pit at coordinates 8700 N.,
25>200 E., this is seen to be a weathering effect which 
occurs only at the outcrop surface. See Figure 9 .
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Figure 9 . Fracturing and Spalling of Volcanics



CHAPTER X

MINING HISTORY

References to the Owl Head mining district are 
limited. Early history of the area is recorded by 
Byron 0. Pickard, State Engineer of Mines, in a 1912 

report on the Apache mines. He states that the origi
nal 20 silver claims of the Apache mines were located 
about 1894 by Mme. Morajiska of Red Rock, Arizona. She 
was shown and given the claims by Captain Jeffords, the 
white chief of the Apache Indians, because of her pre
vious kindness to the Indians. Prior to this time the 
deposits had been worked by gambocinos, Indians, and 
roving prospectors who extracted and treated an estimated 
$130 ,000 worth of silver ore at a small mill which 
operated in the district.

Count and Mme. Morajiska retained ownership of 
the claims until at least 1912, when the Pickard report 
was written. In this report Pickard recommended under
ground exploration of the silver deposits and a drilling 
program for associated copper occurrences. Between 
1912 and 1917 the property evidently changed hands, being
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acquired by the Owl Head Copper Company. A 1931 letter 
written to Dean G. M. Butler inquiring as to the status 
of the Owl Head Copper Company, received the following 
reply: "I am sorry to be forced to tell you that the 
Owl Head Copper Company has been inactive since 1917, 
and it is my conviction that the stock is worthless" 
(Barter 1962).

Two other mines were mentioned in Pickard's 
report. The Pinal and Calumet mines had previously 
shipped considerable jig concentrates, and at the time 
of the report were planning work on a large scale. The 
Jesse Benton silver mines up to that time had shipped 
$50 0 ,0 0 0 worth of silver ore.

Additional information concerning the Jesse 
Benton silver mines was found in the Arizona Blade 
Tribune of May 5> 1923. From 1882 to 1892 the silver 
mines were worked extensively, with the silver ore being 
freighted five miles to a five-stamp mill. A reported 
1,0 0 0 ,0 0 0 to 1,50 0 ,0 0 0 ounces of silver were taken out 
of the mines. Labor requirements for this operation were 
such that a settlement of 300 people was located at the 
mines.

The camp was moved in 1892 to Vekol, a richer 
property approximately 70 miles to the west. A succession



50
of owners followed. Roy Guild, owner of the property 
in 1923> announced discovery in some old workings of 
ore assaying 73 ounces gold and 512 ounces silver, or 
$199^ per ton. Predictions were made of another Goldfield 
or Comstock. No later mention was found of the strike, 
indicating its lack of substance.

Recent activity in the area has consisted of 
exploration by prospectors and mining companies and the 
start of mining activities by the Arkota Steel Company. 
Some 60 square miles of placer mineral rights are con
trolled by Arkota, with mining operations centered at 
the eastern foot of the northern portion of the Durham 
Hills (as of 1962). Separation of placer magnetite in 
the alluvial sands of the area is by a magnetic concen
trator. Concentrates are further processed or are shipped 
directly to the company's new $1 ,50 0 ,0 0 0 plant and smelter 
at Coolidge, Arizona. Production in early 1962 was 60 

tons of iron and steel stocks per day, with an increase 
to 150 tons per day planned at that time for the near 
future (Clark 1962).

None of the previously mentioned mines are within 
the mapped area. They were described in order to demon
strate the presence of extensive mineralization in the 
district. Located within the area are three sites of



previous mining activity, none of which were found 
mentioned in the literature other than by Barter (1962). 
The Big Mine (located in the buttes area) consists of 
a caved two-compartment inclined shaft, a vertical 
shaft reported to be approximately 600 feet deep (per
sonal communication, unidentified gentlemen at shaft), 
a second shallow vertical shaft, and numerous pits and 
trenches. On the San Juan claims (located in the pedi
ment area) is found a vertical shaft of undetermined 
depth. The Blue Star mine (located in the northern 
Suizo Mountains) consists of a short adit and connecting 
vertical shaft. Indications are that little of value 
was found in any of the properties.



CHAPTER XI

TYPES OF MINERALIZATION

Clay and CaCCy

White-to-tan clay and white porous CaCO^ are 
found widely scattered in both the Quaternary and Ter
tiary volcanics, clay being the more common. Although 
found in small fractures in non-vesicular rocks, they 
occur most commonly as amygdules in vesicular varieties 
as spherical coatings and sometimes as complete fillings. 
Also found were a few cases where clear crystalline cal- 
cite occupied vesicles. In one particular case the 
calcite was found in a quartz geode, indicating that the 
calcite was deposited after the quartz.

Outcrops of a massive caliche are found associated 
with a fault in the Tertiary volcanics of the Big Mine 
area. See page 79 for further discussion. Similar 
caliche exposures are present in the quartz diorite out
crop near coordinates 13,800 N., 20,000 E. It is not 
known whether these latter outcrops are associated with 
faults.
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Quartz and "Green Mineral"

Quartz and "green mineral" occur extensively 
in both the Quaternary and Tertiary volcanics. See 
Plate I. The mineral designated as "green mineral" is 
definitely not a copper mineral. Examined by the Arizona 
Bureau of Mines, it could not be identified without exten
sive work. A sample was checked for nickel on a spectro
scope, giving negative results. It is found as thin 
films in fractures and vesicles, although a few occur
rences were observed where crusts deposited in fractures 
attained a thickness of approximately one-twentieth of 
an inch. Most occurrences are in vesicular rocks, the 
amount present varying directly with the degree of vesicu- 
lation. It should be noted, however, that all vesicular 
rocks do not contain "green mineral". It also occurs 
as coatings on volcanic breccia fragments within quartz 
breccia cement. When an additional mineral is present, 
the "green mineral" always occurs as a film or thin 
coating between the walls of the vesicles and the amygdules, 
never within an geodic amygdule. Thus, quartz and clay 
amygdules have outer films or coatings of "green mineral".
In addition, at coordinates 17,400 N., 23,800 E., small 
quartz crystals were found growing from vesicle walls 
which are covered with a thin film of "green mineral".



The quartz crystals, however, are clear and not coated. 
These observations indicate that the "green mineral" 
was deposited earlier than the quartz.

Quartz occurs in amygdules as complete and in
complete fillings, as fracture fillings, and in some 
cases as breccia cement. The quartz is a predominantly 
milky white cryptocrystalline material, with clear 
crystalline quartz occurring only in small vugs within 
and growing out of cryptocrystalline material. All 
evidence indicates open-space filling. Fracture filling 
is for the most part complete, while deposition in the 
vesicles is either as complete fillings or spherical 
crusts lining the vesicle walls. The majority of quartz 
occurs in the vesicular rocks, increasing in direct pro
portion to the amount of vesiculation. All vesicular 
rocks, however, do not contain quartz.

The quartz and "green mineral" mineralization 
are found closely associated with each other in the 
vesicular flows. Their association and affinity for the 
vesicular rocks is probably due to the greater porosity 
of these rocks which served to concentrate the mineraliz 
ing fluids. An example of this is found at coordinates 
5500 N., 27,900 E. Non-vesicular acidic flows lie in 
abrupt contact with highly-vesicular basic flows.
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Extensive quartz and "green mineral" lie entirely within 
the vesicular flows. It should be mentioned, however, 
that both quartz and "green mineral" do occur separately. 
Age of both quartz and "green mineral" is Quaternary.

Quartz occurs as opaque white "bull" quartz 
within both the quartz dlorlte and Tertiary volcanics.
At coordinates 16,200 N., 22,200 E., in the quartz dlorlte 
it occurs as a dike which can be traced for approximately 
300 feet trending N. 30° E. At coordinates 17,900 N., 
22,400 E., it occurs as a massive outcrop approximately 
20 feet by 20 feet within the Tertiary volcanics. This 
second outcrop is Tertiary or Quaternary in age. It is 
not known whether these two outcrops are related. Other 
isolated outcrops occur within this general area.

Quartz also occurs within the quartz dlorlte and 
Pinal schist as a light gray crystalline variety in the 
form of small stringers. They were found in the general 
area of the San Juan claims group, occurring in both 
mineralized and unmineralized rock, usually associated 
with epidote. It is possible that the quartz stringers 
are in some way related, either directly or indirectly, 
to the period of mineralization. This survey did not 
confirm or disprove this possibility.
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White-gray crystalline quartz occurs as veins 

within dikes in the Pinal schist at coordinates 33»400 N., 
98OO E., and 31,600 N., 9000 E. Large amounts of 
chrysocolla, and smaller amounts of azurite, specular!te, 
and limonite are found along fractures in the quartz.
Some Jasper was also observed.

Epidote

Epidote occurs extensively in the quartz dlorite 
and occasionally in the Pinal schist along small fractures 
usually less than three-eighths of an inch wide. Occur
rences over one inch wide are occasionally found. In the 
Pinal schist at the intrusive contact with quartz dlorite 
(coordinates 20,000 N., 18,500 E.) epidote also occurs 
as small knots, possibly due to contact metamorphism. 
Crystal-lined vugs and sharp boundaries in the larger 
veinlets indicate open-space filling. In some instances 
epidote is also disseminated in the rock near the veinlets. 
Light gray crystalline quartz stringers are found asso
ciated with the epidote. In two examples seen, the 
epidote filled fractures in the quartz, indicating that 
the epidote, or at least part of it, was deposited later 

than the quartz. z
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Epidote is found in both mineralized and 

unmineralized rock, occurring most extensively in the 
unmineralized outcrop surrounding coordinates 13,500 N.,
20,000 E. It would thus appear that epidote is of little 
value as a direct guide to ore mineralization. As a 
guide to a general area of Interest it may be of use, 
but a much larger area must be studied in order to 
establish this.

Magnetite

Small magnetite deposits occur in the Pinal 
schist of the Suizo Mountains. At coordinates 21,200 N., 
8800 E. there is a small pod of pure magnetite, apparently 
continuing along a schistose bedding plane as a small 
stringer. The pod itself appears to have been emplaced 
after formation of the schist, since the schist foliation 
seems to bend around the pod. Small cobbles of magnetite 
talus are found within the general area.

Placer magnetite occurs more or less in all 
washes. Northwest of the Suizo Mountains in the Durham 
Hills area, it is being mined by the Arkota Steel Com
pany, using magnetic separation methods.
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Specularifce

Specularite was reported to be present immediately 
north of the large prospect pit at coordinates 17>900 N., 
16,300 E. and near the small prospect pit at coordinates 
14,200 N., 20,200 E. (personal communication, Glynn 
Burkhardt).

It is present in quartz veins which are found in 
dikes at coordinates 33,400 N., 98OO E., and 31,600 N., 
9000 E.

Pegmatite Minerals

Pegmatite occurs in the Pinal schist of the 
Suizo Mountains, in the aplite, and at least one point 
in the Pinal schist of the San Juan claims area. In the 
Suizo Mountains the pegmatite is composed of quartz, 
white feldspar, and muscovite, in dikes ranging in width 
to over one foot. The pegmatite associated with aplite 
contains quartz, pink feldspar, muscovite, and black 
tourmaline. Relatively abundant, it occurs as small 
dikes ranging in width to over one foot and apparently 
also as small irregular masses. Such a pegmatite is also 
found at coordinates 17,300 N., 20,800 E. in the Pinal 
schist. Although none were actually observed in the



quartz diorite, they may be present, since the aplite 
containing the pegmatites is younger than the quartz 
diorite.

Muscovite in the pegmatites would have been 
relatively easy to age-date using the K-Ar method. An 
attempt was made to gather an unweathered sample from 
outcrops in the aplite area. It was found, however, to 
be unacceptable due to weathering. To obtain an unweathered 
sample would have required extensive digging or blasting.

Calcite

Calcite occurs in quartz diorite, Pinal schist, 
and the Tertiary volcanics. A clear, coarsely crystalline 
variety which weathers tan is present at the Big Mine as 
vesicle fillings, fracture fillings, and breccia cement. 
These veins range in width from less than one-quarter 
inch to more than five feet. A similar calcite was also 
seen in the general area of coordinates 12,400 N., 19,900 E. 
both in the quartz diorite to the north and the aplite area 
to the south. Although the calcite in the aplite area was 
surrounded by talus with no country rock observable, veins 
of calcite cutting aplite are possible since the latter 
is older than the calcite.



A two- to three-foot vein of red and white, 
coarsely crystalline calcite outcrops in the Pinal 
schist at coordinates 17,500 N., 20,800 E. This vein 
can be traced for over 100 feet as it strikes approxi
mately N. 25° E.

In the Suizo Mountains at coordinates 32,400 N., 
8600 E., a ten-foot thick dike contains black and white 
calcite along a fault zone approximately two feet wide. 
The black calcite is massive with white calcite fracture 
fillings. A spectroscopic examination of the black cal
cite for silver did not indicate any measurable quantity, 
If any was present, it was less than 16 ounces per ton.

Manganese Minerals

Dendritic pyrolusite occurs in fractures in the 
quartz monzonite, quartz diorite, Pinal schist, and 
volcanics. Within the gneisses and schists of the Suizo 
Mountains, manganese is found extensively as coatings 
of "desert varnish". Both dendritic pyrolusite and 
"desert varnish" are products of weathering.

Limonite

The various iron compounds associated with 
weathering have all been grouped under the heading of



6l
'’limonite", This includes both hematite and the various 
hydrous iron oxides that are usually classified under 
the name. Their importance lies with a possible associa
tion with hydrothermal mineralization. There did not, 
however, appear to be an excess of limonite present over 
what would normally be expected in the various intrusive 
and extrusive rocks, with the exception of limonite crusts 
and fracture fillings associated with mineralization at 
the Big Mine, a jasper in a mineralized quartz vein at 
coordinates 31,600 N., 9000 E. in the Suizo Mountains, 
and limonite in a fault at the Blue Star mine. The 
limonite at Big Mine and Blue Star mine was not in the 

form of boxwork.
The only indication of what might possibly have 

been primary iron sulfides was found in the prospect pit 
at coordinates 17,5)00 N., 16,300 E. It consisted of 
limonite squares approximately one-twentieth of an inch 
in diameter which could be psuedomorphic after pyrlte.

Barite

Barite is found in the Immediate area surrounding 
the Big Mine at coordinates 9200 N., 25,500 E. and in a 
small area at coordinates 1 0 ,6 0 0 N., 2 6 ,2 0 0 E. It occurs 
as small veinlets and veins less than one-half inch wide



to over six inches wide. The barite veinlets and veins
seem to have a northwest trend, but can be found 
striking in all directions.

The white barite occurs in massive bladed form 
with vugs. It is an open-space filling, as indicated 
by the occasional presence of small fragments of country 
rock and by the bladed and vuggy nature of the barite. 
Barite fragments are occasionally found cemented by tan 
calcite.

Galena-Sphalerite

Galena and smaller amounts of sphalerite are 
found at coordinates 9200 N., 25,500 E., within the 
barite veinlets and veins as small scattered blebs and 
along crystal surfaces of the barite. This seems to 
indicate open-space filling. No large concentrations 
were observed.

"Red Mineral"

A red mineral in very small quantities was found 
in the barite at coordinates 9200 N., 25,500 E. Identi
fication could not be made. A check for mercury proved 
negative. The mineral appears to have been deposited 
primarily along boundaries of the barite crystals, as in 
the case of galena and sphalerite.
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Copper Minerals

Copper mineralization occurs in the Pinal schist 
of the Suizo Mountains, the Pinal schist and quartz 
diorite of the pediment area, and the Tertiary volcanlcs 
in the buttes area. See Plate I. In the Pinal schist 
of the Suizo Mountains and the Tertiary volcanlcs its 
deposition is controlled primarily by fault and dike 
structures. Copper mineralization in the quartz diorite 
and Pinal schist of the pediment area is in disseminated 
form as coatings, crusts, and filling in small fractures. 
Minerals present Include chrysocolla, malachite, chalco- 
cite, and smaller amounts of chalcopyrite, bornite, 
tenorite, and azurite. A trace of native copper was 
found near Big Mine. Chrysocolla is found as blebs, 
coatings, crusts, and fillings in fractures. Malachite 
occurs much as does chrysocolla. In addition it is many 
times found in the fractures as groups of radiating 
fibers. Chalcocite is found primarily as blebs and coat
ings in small fractures, although reports have indicated 
the existence of chalcocite veins (personal communication, 
Glynn Burkhardt). The other copper minerals were found 
only in very small amounts.



CHAPTER XII

ALTERATION

Propylitlc and Pink Feldspar

Propylifcic alteration is common in the fault 
zone at Big Mine, having a light green clayey appearance. 
It also appears to be present in the San Juan claims 
area at coordinates 17,900 N., 16,500 E., and possibly 
coordinates 1 7 ,8 0 0 N., 16,000 E., in the quartz diorite 
and at coordinates 17,000 N., 20,700 E. in the Pinal 

schist.
The most striking feature of the San Juan claims 

area is an alteration characterized by the presence of 
pink feldspar in quartz diorite. Feldspar in the quartz 
diorite is normally white. The pink variety occurs in 
both mineralized and unmineralized locations associated 
with fractures. This is evident at coordinates 17,400 N.,
21,500 E., where a crumbly white quartz diorite is tra
versed by fractures bordered on each side by a competent 
pink quartz diorite. See Figure 10. This point, along 
with the point at coordinates 16,200 N., 22,200 E. illus
trates two additional characteristics of the alteration:
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Figure 1 0. Pink Feldspar Alteration Bordering 
Fractures in Quartz Diorite.
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the altered rock is invariably more competent and fresh 
appearing than the adjacent unaltered rock. This more 
competent rock would better allow the formation of open 
fractures and might have served to localize the minerali
zation, provided the alteration took place prior to 
mineralization.

Pink feldspar alteration occurs in both mineralized 
and unmineralized rock. Mineralization is commonly 
associated with the alteration, but the large unmineralized 
quartz diorite outcrop at coordinates 13,500 N., 20,000 E. 
is also altered extensively. Here small fractures bordered 
by pink quartz diorite are filled with epidote. It is 
clear that this type of alteration can only serve as a 
general guide to mineralization, indicating areas of 
interest.

Six thin-sectlons were made to study the pink 
feldspar alteration. One slide came from an unaltered 
and unmineralized specimen of quartz diorite near coor
dinates 13,300 N., 21,000 E. Plagioclase, both zoned 
and albite-twinned, was extensively replaced by sericite 
and clay. This suggests regional metamorphism, widespread 
hydrothermal alteration, or both. Orthoclase and micro- 
dine were not affected. Replacement by sericite and clay 
was selective, usually affecting the inside zones of the
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zoned plagioclase. See Figure 11. Twinned plagioclase 
crystals also were many times altered in their centers. 
Biotite was partially altered to chlorite, but more 
than twice as much biotite was present as chlorite 
(approximately 7$ to 3#). A second thin-section was 
made from the large pit at coordinates 17>900 N., 16,300 E. 
Pink Feldspar was present. However, the slide was taken 
from a portion of the one- and one-half by three-inch 
sample which contained no pink feldspar. This slide 
resembled the first slide with the exception that prac
tically all biotite had been altered to chlorite (approxi
mately 9# to 1$). The third thin-section was taken from 
the prospect pit at coordinates 17,300 N., 22,600 E., 
which was sunk on the fault contact between Tertiary 
volcanics and quartz dlorlte. Large amounts of chrysocolla 
were present as fracture fillings in the fault gouge and 
the white quartz dlorlte country rock. This slide was 
identical to the first slide, taken from the unaltered 
rock. The lack of pink feldspar may mean that the fault 
was not a channelway for the mineralizing or altering 
solutions. The next three thin-sections were made of 
rock containing pink feldspar. Two were made of an un- 
minerallzed pink rock at coordinates 17,400 N., 21,500 E. 
(described on page 64), with the third from a mineralized
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Figure 11. Illustration of Quartz Diorite 
Unaffected by Pink Feldspar Altera
tion (Thin-Section One).
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outcrop in the prospect pit at coordinates 16,200 N., 
22,200 E. Texture of these rocks does not resemble 
that of the unaltered quartz dlorlte, having a somewhat 
mottled appearance. Thin-section four is characterized 
by an almost complete replacement of plagioclase (ortho- 
clase is not affected) by sericite and clay. The sericite 
ranges in size to a much coarser-grained variety than 
present in the previous thin-sections. Small amounts of 
muscovite and chlorite were present, along with an 
extremely small amount of calcite. Thin-section five 
is characterized by an almost complete replacement of 
plagioclase (orthoclase is not affected) by an extremely 
coarse-grained sericite, and the presence of secondary 
biotite (approximately 7$). See Figure 12. The secondary 
biotite resembles sericite in form but biotite in color, 
occurring as felt masses. Chlorite appears in the same 
form as, and scattered throughout, the sericite. Some 
muscovite is present, along with traces of tourmaline.
The last thin-section, from a prospect pit in which 
mineralization occurs in a pink quartz dlorlte with white 
crumbly quartz dlorlte country rock, is replaced by seri
cite and clay to a much larger degree than in any of the 
other slides. See Figure 13. The only recognizable 
minerals in the slide were chlorite, accessory minerals.
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Figure 12. Illustration of Altered Pink Quartz 
Diorite (Thin-Section Five).
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Figure 13. Illustration of Altered Pink Quartz 
Diorite (Thin-Section Six).
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opaques, and traces of plagioclase, orfchoclase, and 
mlcrocline. A lack of quartz suggests that It has also 
been replaced by sericite and clay.

It Is evident that the pink feldspar Is a hydro- 
thermal alteration product characterized by almost com
plete sericite and clay alteration of plagioclase, almost 
complete alteration of biotite to chlorite, the presence 
of muscovite, and possible secondary biotite. The most 
extreme alteration observed Involved very coarse-grained 
sericite in conjunction with secondary biotite in one 
example and sericitic replacement of not only feldspar 
but quartz in the second example. From field relations 
it is clear that this alteration may or may not be accom
panied by mineralization.

A second alteration type is found in the white 
and so-called "unaltered" quartz diorite, as described 
in the first slide. This alteration is less extreme, 
consisting primarily of sericite and clay replacing 
plagioclase. Some chlorite is present, but biotite 
predominates. Whether this is a product of regional 
metamorphism, merely a less extreme form of pink feldspar 
alteration, an alteration associated with the mineralizing 
epoch but unrelated to pink feldspar alteration, or a com
bination of the above, is not known. Neither is known 
the sequence of alteration types.



The second thin-section, which was taken from 
a mineralized and pink feldspar altered rock but was 
itself white in color, may indicate a transition between 
the two alteration types. It resembled the unmineralized 
thin-section one except for complete biotite alteration 
to chlorite, which appears to be characteristic of pink 
feldspar alteration.

Relative ages of mineralization and pink feldspar 
alteration are not known. Perhaps it occurred prior to 
mineralization, in which case the more competent pink 
quartz diorite may have served to localize mineralization 
due to its "cleaner fracturing" characteristics. Or 
perhaps the mineralizing solutions themselves altered 
the rock. This last possibility would require that the 
mineralizing solutions be able to alter the country rock 
even after depletion of its copper components. Only by 
assuming this could the unmineralized but altered area 
at coordinates 13,500 N., 20,000 E. be explained. It may 
be that both possibilities worked together. Whatever 
the origin, it is evident that pink feldspar alteration 
as a guide to mineralization is valid for locating pro
mising areas in which to further prospect. Whether it can 
be applied as a guide for delineation of specific minerali
zation deposits is open to question. This might be possible
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if degree of mineralization were found to vary directly 
with degree of feldspar alteration.

Epidote and Light Gray Crystalline Quartz

Epidote and a light gray crystalline quartz are 
found in areal association with the pink feldspar altera
tion. See pages 55-57 for a more thorough discussion.
Since they occur in both mineralized and unmineralized 
ground, their value as a guide to mineralization (if any) 
would lie in delineation of areas in which to prospect 
further. Only if some direct relationship between epidote, 
quartz, and mineralization could be determined would it be 
possible to use them as direct guides to mineralization.
A much larger area must be studied to determine their 
value as mineralization guides.



CHAPTER XIII

SUIZO MOUNTAINS MINERALIZATION

Northern

Mineralization consists primarily of ehrysocolla, 
with small amounts of azurite and malachite. Specularlte 
is found at coordinates 33,400 N., 9800 E. and 31,600 N., 
9000 E. The characteristic feature of this mineralization 
is its occurrence in small quartz veins which are found 
in dikes. In a prospect trench at the latter point, a 
four-inch wide quartz vein along the footwall contact of 
a dike is extensively mineralized. Highly fractured, 
the copper and iron minerals occur along the fractures.
At Blue Star mine (the first point) the quartz vein was 
not visible from the surface. Dump material, however, 
clearly indicates that the occurrence of copper and iron 
minerals is identical to that at coordinates 31,600 N., 
9000 E. A two-foot wide fault at the west contact of 
the vertical dike probably served as a control for deposi
tion of the quartz. See Figure 14. In the deposits both 
the primary and secondary mineralization were controlled 
by the fractured quartz vein.
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Figure 14. Fault and Mineralization on Dump
at Blue Star Mine
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Black calcite Is found along a fault in a dike 

at coordinates 32,400 N., 8600 E. See page 60 for more 
discussion.

The dike rock is dark, weathering to a greenish 
color. Being less resistant than the schist and gneiss 
country rock, it forms depressions where not covered by 
talus.

Southern

Mineralization occurs at several prospect trenches 
in the southern portion of the Suizo Mountains near coor
dinates 19,600 N., 7600 E. The copper is found primarily 
along foliation fractures as chrysocolla with some mala
chite and a small amount of chalcocite. Small vugs were 
found containing chrysocolla. Films and thin crusts of 
limonite occur along fractures. No Indication of pyrite 
was found, however. The rock at this point consists of 
a layered quartz-sericite-muscovite schist, fairly well 
fractured.



CHAPTER XIV

BIG MINE MINERALIZATION 

General Discussion

Nearly all mineralization (aside from quartz, 
"green mineral", CaCO^, and clay) in the Tertiary vol- 
canics is found in the Big Mine area associated with a 
northwest fault zone. Minerals present include barite, 
galena, sphalerite, chalcopyrite, bornite, chalcocite, 
tenor!te, chrysocolla, malachite, azurite, native copper, 
and an unidentified red mineral. The Big Mine area was 
mapped at a scale of 1:1200 and plotted on Plate III.
All points mentioned in this section, with the exception 
of two, refer to that plate. Talus comprises over 90# 
of the mapped area. Information on mineralization, 
alteration, structure, and rock type was obtained from 
scattered outcrops and associated talus, prospect pits 
and trenches, and shafts. Two groups of mine workings 
exist in the area. The northern group is the Big Mine. 
To facilitate discussion, however, the northern group 
has been designated as the Big Mine north and the 
southern group as the Big Mine south.
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Propylitic alteration is associated with the 

fault zone at both the Big Mine north and the Big Mine 
south. It gives the rock and fault gouge a light green 
clayey appearance, which contrasts with the whites, grays, 
browns, and blacks of the volcanics. A particularly good 
example of this is found in a fault at coordinates 750 S., 
2180 W. in the Big Mine north area.

The fault zone, which is marked by massive outcrops 
of white caliche at Big Mine south, appears to be a breccia 
zone which includes definite fault structures. At Big Mine 
south a fault at least six feet wide strikes N. 30° W. and • 
dips 70° W. At Big Mine north the faults strike more west- 
wardly. A fault approximately two feet wide strikes N. 75° 
W. and dips 52° S. Another, two to four feet wide, strikes 
N. 35° W. and dips 52° S. A third, at least five feet wide, 
strikes N. 60° W. and dips 56° S. The area between Big 
Mine north and Big Mine south contains no prospect pits or 
outcrops which give strikes and dips or locations of these 
faults.

The major structural feature at Big Mine south 
is a fault at least six feet wide, which strikes N. 30° W. 
and dips 70° W. A two-compartment inclined shaft was 
sunk on it but has caved below 15 feet. The general 
fault trend is marked by outcrops of massive white caliche, 
which have been explored by prospect pits and a trench.
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See Figure 15. That the caliche outcrops mark the fault 
is clearly seen at the inclined shaft and southward, where 
the linear caliche outcrops separate the Tertiary vol- 
canics to the west from the Pinal schist to the east. 
Caliche is also found within the fault and general breccia 
zone as small fracture fillings and crusts. This latter 
statement also applies to Big Mine north.

Major mineralization at Big Mine south is asso
ciated with the aforementioned fault at the inclined 
shaft. Copper mineralization visible in place consists 
of malachite and chrysocolla as coatings, crusts, and 
fillings of small fractures. Limonite occurs as films 
and coatings in fractures and in an unusual form, as a 
"mosaic crust" approximately one-quarter of an inch thick. 
This latter occurrence consists of a limonite crust with 
malachite rims, giving it an orbicular appearance. It 
is not a "boxwork" and is not considered proof of hydro- 
thermal mineralization. Mineralization did not occur 
within the massive caliche zone.

Most evidence of copper mineralization is found 
on the dump of the inclined shaft, consisting of chryso
colla and malachite occurring as described in the previous 
paragraph, and lesser amounts of azurite, tenorlte, and 
chalcocite. The chalcocite, in one instance, was found
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Figure 15. Two-Compartment Inclined Shaft on 
Fault at Big Mine South. White Massive Caliche 
Outcrops Mark the Fault Trend.
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as a one-inch lump. Although both footwall and hanging 
wall at the surface are Tertiary volcanics, Pinal schist 
and a dike rock are present on the dump. The presence 
of Pinal schist is not surprising as it outcrops approxi
mately 50 feet to the south. The dike rock, however, 
was not found to outcrop in the area. Its exact nature, 
whether owing its present position to dike emplacement or 
to faulting, was not determinable. Regardless, most 
mineralization occurs in the dike rock and the volcanics, 
with only a small amount being found in the fractures 
and foliation of the schist.

The prospect pits and trench southeast of the 
inclined shaft are on the same fault or possibly fault 
zone as the inclined shaft, but contain no copper minerali
zation except for a small amount found on the dump at 
coordinates 1650 S., 770 W. This shallow pit was partially 
filled with debris. Prospect pits northwest of the 
inclined shaft are sunk in a breccia zone. Copper minerali
zation in these latter pits is infrequent, and where present 
is usually visible only on the dump because of debris par
tially filling the pit. Mineralization present consists 
of chrysocolla and malachite coatings and thin fracture 
fillings, and limonite stain. Native copper was found as 
small blebs in a shallow pit at coordinates 1290 S., 1200 W.
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The southernmost copper occurrence was found at 

coordinates 7400 N., 28,700 E. (Plate I) along a one- 
inch breccia zone striking N. 52° W. and dipping 85° S.
It occurs within a black breccia cement as small chryso- 
colla blebs.

Quartz is found east and west of the fault at 
Big Mine south. See Plate III. No quartz is found 
within the fault zone, probably indicating that the 
quartz was deposited prior to development of the fault 
and the latter copper mineralization. The quartz occurs 
primarily as fracture fillings and breccia cement in 
association with "green mineral" as described on pages 
53-55. Near coordinates 1560 S., 570 W., however, it is 
found as amygdules in association with "green mineral".
At coordinates 1560 S., 570 W. tan calcite is also found 
as amygdules which have the same relationship with "green 
mineral" as the quartz.

The tan calcite, which also occurs as amygdules 
with "green mineral" at coordinates 7900 N., 28,000 E. 
(Plate I), is associated with the fault zone both at Big 
Mine north and Big Mine south. It should be mentioned 
here that "green mineral" is found as films in fractures 
within the fault zone. No examples were found of the 
"green mineral" and tan calcite occurring together in the



fault, although there Is no reason why they should not. 
The tan calcite Is actually a clear calcite which 
weathers to a tan color. Found at practically all pros
pect pits, trenches, and shafts. It occurs as fracture 
fillings and breccia cements In widths of less than 
one-quarter Inch to over five feet. Coordinates 340 S., 
2320 W., for example, Is the location of a breccia zone 
at least five feet wide which strikes N. 60° W. and dips 
560 S. Tan calcite cements volcanic and barite breccia 
fragments in this zone. Age of the calcite is younger 
than both the barite and the dike rock at Big Mine south.

At Big Mine north the most extensive mineraliza
tion is barite, occurring as veinlets and veins which 
range in width from less than one-half inch to over six 
inches. Twenty-two strike and dip measurements were 
made in an effort to determine if any dominant trend was 
present. When plotted on a polar coordinate graph, nine 
of the strike measurements fell between N. 50° W. and 
N. 75° W., with the remainder scattered around the graph. 
See Figure 16. This seems to suggest a weak northwest 
trend. In addition, several barite veins up to approxi
mately two inches wide are exposed in a prospect pit at 
coordinates ll60 S,, 1720 W. These veins are associated 
with and parallel to a fault which is also exposed in
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NORTH

Figure 16. Polar Coordinate Graph of Strikes
of Barite Veinlets and Veins.
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the pit. This fault, which is approximately two feet 
wide, strikes N. 75° W. and dips 52° W. It is a portion 
of the northwest fault zone structure. The weak north
west trend of the barite veins, coupled with the occur
rence of barite veins in direct association with a 
northwest fault, indicates its deposition was controlled 
to some extent by the major fault zone. There is, 
however, an unusual lack of barite in the major fault at 
coordinates 750 S., 2180 W. There are two possible 
explanations. Either this particular fault was not 
subject to the mineralizing fluids for some reason, or 
it did not exist at that time. The occurrence of barite 
veins on immediately adjacent sides of the fault would 
suggest that relative movement of footwall and hanging 
wall had the barite veins existed at the time of faulting, 
would have had to been slight or in a direction parallel 
to downward extension of the veins. The existence of 
Pinal schist outcrops at Big Mine south and on a dump at 
Big Mine north indicates a fairly substantial displacement. 
The likelihood that displacement took place in exactly 
the same direction as the downward extension of the barite 
veins, though possible, seems improbable. It would appear 
more likely that barite is not found in this major fault 
due to impermeability or a lack of an unobstructed
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intersection with channelways carrying the mineralizing 
solutions.

Galena and some sphalerite occur in minor amounts 
in the barite veins as small blebs and as thin linear 
deposits along boundaries of the barite crystals, 
suggesting a weak zoning. This can be seen in the 
barite vein at coordinates 640 S., 2550 W. The presence 
of zoning would indicate a concurrent deposition for 
both minerals. Since the galena occurs along the bound
aries of distinct barite crystals, however, it is felt 
that the galena was probably slightly later than the 
barite, forming in small open spaces. In addition to 
the galena and sphalerite, a red mineral is found in 
small amounts, occurring also along boundaries of the 
barite crystals. It was not identified, but a check 
for mercury proved negative. In addition to the above 
minerals, a small bleb of chalcopyrlte was found in a 
barite vein. But copper mineralization, although commonly 
present in the area, does not appear to have an intimate 
association with the barite.

The major structures at Big Mine north are a two- 
to four-foot wide fault at coordinates 750 S., 2180 W., 
which strikes N. 29° W. and dips 60° S., a two- to seven- 
foot wide fault at coordinates 860 S., 2140 W., which
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strikes N. 15° W. and dips 40° W., a two-foot wide fault 
at coordinates 1160 S., 1720 W., which strikes N. 75° W. 
and dips 52° S., a fault at least five feet wide at 
coordinates 360 S., 2260 W., which strikes N. 39° W. and 
dips 60° W., and a fault at least five feet wide at coor
dinates 340 S., 2320 W., which strikes N. 60° W. and dips 
56° S. This latter fault is discussed on page 84.

Copper mineralization in the fault at coordinates 
750 S., 2180 W., with the exception of chalcocite, occurs 
primarily as coatings and crusts in linear fractures 
within the gouge and breccia zone. Malachite, chalcocite, 
and lesser amounts of chrysocolla and azurite are present. 
Chalcocite was found as a small one-inch lump on the dump. 
Limonite stain is abundant.

Copper and limonite mineralization in the fault 
at coordinates 860 S., 2140 W. is sparse, occurring as 
films and crusts in fractures. Mineralization at coor
dinates 360 S., 2260 W. is apparently concentrated along 
a two-inch wide fracture which occurs at the hanging wall 
contact. Small blebs and thin veinlets of chalcopyrite, 
bornite, and chalcocite are present in a limonite matrix. 
Chrysocolla is found primarily as coatings and thin crusts 
along fractures and in small vugs. It does not occur 
within the limonite matrix as do the other copper minerals.
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Copper mineralization in the fault at coordinates 

ll60 S., 1720 W. is very slight, consisting of films, 
coatings, and thin fracture fillings of malachite and 
chrysocolla. Some limonite staining is present.

Primary copper mineralization is found in an 
outcrop near coordinates 730 S., 2050 W. Chalcopyrite, 
much chalcocite, and malachite occur disseminated through
out a small breccia zone with a limonite matrix which 
strikes approximately N. 25° E. and dips 65° W. Chalco
pyrite blebs are found rimmed by chalcocite in many 
cases. Some blebs of chalcocite are rimmed by malachite.
In many instances the chalcocite blebs have been completely 
replaced by malachite.

A shallow shaft at coordinates 450 S., 2350 W. 
is sunk in a fracture zone. No definite fault is present, 
however. A small amount of malachite and limonite stain 
are present on the wallrock. No indication of copper 
mineralization was found on the dump, which consisted of 
a light non-vesicular andesite and a purple vesicular 
andesite.

Copper mineralization is found more or less in 
the remaining prospect pits and trenches, occurring as 
films, crusts, and thin fracture fillings of chrysocolla 
and malachite. Limonite stains and coatings are also 
present.
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A shaft, thought to be approximately 600 feet 

deep by an unidentified gentleman encountered there, is 
sunk to the west of the fault at coordinates 790 S.,
2260 W. It was not itself sunk on a fault. Intentions

%
were probably to intersect the aforementioned fault at 
depth, which it did as indicated by extensive Pinal 
schist on the dump. No evidence of mineralization was 
found.

Summary and Conclusions

(l) Although a large fault structure, copper- 
barite-lead-zinc mineralization, and propylitic altera
tion are visible at the surface, the area would be a poor 
risk for further base metal exploration. To be profitable 
a deposit of this limited tonnage would have to be high- 
grade. There does not, however, appear to be any horizon 
which localized the ore, assuming enough mineralization 
existed to be localized. Neither Pinal schist nor Ter
tiary volcanics appear to have had any localizing influence 
and the dike rock, although containing small lumps of 
chalcocite, was explored by a development working and then 
abandoned. The intersection of the fault with the intru
sive rocks at depth might have localized the mineralization, 
but this is extreme speculation. The most damaging
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evidence against extensive mineralization is the exist
ence of the deep shaft at coordinates 790 S., 2260 W. 
being used to pump water for cattle. This shaft inter
sects the general fault and breccia zone at depth. If , 
mineralization existed to any extent, water pumped from 
it would be unfit for animal consumption.

(2) Since no pyrite or boxwork was found, it is 
not possible to say whether the limonite observed in 
association with the copper was primary or perhaps derived 
by weathering from the iron-rich volcanic country rock. 
Primary mineralization is indicated, however, by the 
presence of chalcopyrlte, bornite, barite, galena, sphale
rite, and propylltlc alteration.

(3) The path of the mineralizing solutions was 
controlled by the major northwest fault zone. Propylltlc 
alteration identifies these channels.

(4) The fault zone is marked by outcrops of 
white, massive caliche.

(5 ) Barite veins, although striking in all 
directions, have a weak northwest trend.



CHAPTER XV

SAN JUAN CLAIMS AREA MINERALIZATION 

General Discussion

The major mineralization feature of the area is 
the presence of disseminated copper in the Pinal schist - 
quartz dlorlte complex, occurring as chrysocolla, malachite, 
chalcocite, chalcopyrite, and bornite. Copper showings 
are abundant, occurring in numerous prospect pits and 
trenches throughout the area, and in rock outcrops. See 
Figure 17. Chrysocolla and malachite are most common, 
occurring as coatings, blebs, crusts, and thin fracture 
fillings; the blebs are sometimes found as centers of 
larger limonite blebs. Chalcocite, which is fairly common, 
is found megascopically as thin coatings and blebs along 
small fractures. The chalcocite blebs are also occasion
ally found as centers in larger limonite blebs. The 
existence of a chalcocite vein in the prospect pit at 
coordinates 17>900 N., 16,300 E. was reported by Glynn 
Burkhardt (personal communication). Observation of two 
polished specimens under a binocular microscope indicated 
the existence of chalcocite in disseminated form, both in
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Figure 17. Large Prospect Pit in Quartz 
Diorite Showing Copper Mineralization.
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the Pinal schist and quartz diorite. Bornite and chalco- 
pyrite are extremely rare. Small blebs of bornite were 
reported by Glynn Burkhardt (personal communication) in 
the quartz diorite at coordinates 17,900 N., 16,300 E.
Small amounts of bornite and chalcopyrite along a fracture 
were found in the Pinal schist at coordinates 17,900 N.,
19,300 E.

Epidote in small fractures and small stringers 
of a light gray crystalline quartz are found in the San 
Juan mineralized area and in the large unmineralized 
outcrop of quartz diorite surrounding coordinates 1 3 ,5 0 0 N.,
20,000 E. It could not be determined whether these 
minerals were associated with the copper emplacement. If 
so, they would probably serve more as a guide to a general 
area of Interest rather than as a direct guide to mineral
ization.

Specularite in quartz diorite is reported near 
coordinates 17,900 N., 16,300 E. and 14,200 N., 20,200 E. 
(personal communication, Glynn Burkhardt).

The most unusual feature of the mineralized area 
is the apparent total lack of pyrite. Only in the prospect 
pit at coordinates 17,900 N., 16,300 E. was any indication 
seen of possible pyrite. Small blebs of llmonlte in the 
shape of squares approximately one-twentieth of an inch
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long were found along a fracture, perhaps as psuedomorphs 
after pyrlte. All other limonite occurrences were those 
that would normally be expected in intrusive and meta- 
morphic rocks, occurring as films and blebs in fractures. 
They could have been derived from the nearby iron-rich 
volcanics, or by weathering of iron-bearing minerals 
within the rocks, including primary copper-iron sulfides.

Most porphyry copper deposits are "chalcocite 
blankets" formed by secondary enrichment of the protore. 
The formation of the chalcocite blanket is dependent on 
the presence of pyrlte which is oxidized in the vadose 
zone to sulfuric acid and ferric sulfate
^Fe2(SO^)^j (Park 1964). Few sulfides can resist the 
resulting chemical solutions. All copper-bearing sul
fides, when attacked by the sulfuric acid and ferric 
sulfate solutions, yield a soluble sulfate, usually - 
copper sulfate ĵ CuSÔ J (Lindgren 1933). This soluble 
salt, if in siliceous rocks, trickles downward until 
the oxidizing environment is altered to a reducing en
vironment, usually at or below ground-water level.
Primary sulfide minerals, although generally stable in 
a reducing environment, come into contact with the copper 
sulfate solutions and are replaced by the secondary



sulfides chalcocite and covellite. Order of replacement 
of primary sulfides is as follows: sphalerite, galena,
and bornite; then chalcopyrite; finally pyrite (Lindgren 
1933). Stokes (1907) showed experimentally how the 
reaction between pyrite and copper ions might occur in 
supergene enrichment.

5FeS2 + l4Cu+2 + l^SO^ " 2 + 12H20 -+

7Cu2S (chalcocite) + 5Fe+2 + 12H+ + 17 SO^-

Stokes considered this a generalization of the actual 
process, but his interpretation is supported by field 
evidence (Park 1964).

A lack of pyrite prevents the formation of sul
furic acid and ferric sulfate to any extent, resulting 
in the oxidation products of other sulfides tending to 
remain in place (Park 1964). It would therefore appear 
that the copper mineralization in the San Juan claims 
area occurs in place and was not brought in by sulfuric 
acid - ferric sulfate meteoric solutions. This is 
further confirmed by the previously mentioned existence 
of a chalcocite vein in the large prospect pit at coor
dinates 17,900 N., 16,300 E. Even had the copper been 
brought in as copper sulfate in solution, it would have
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had to replace primary sulfides already present. Most 
likely, the chalcocite vein represents inplace alteration 
of primary bornite or chalcopyrlte, or perhaps primary 
chalcocite.

Chrysocolla and malachite, with or without mega
scopic chalcocite, are the most common minerals found.
Two mineralized samples of Pinal schist at coordinates
18.500 N., 2 0 ,2 0 0 E. and 16,000 N., 21,500 E, and a 
mineralized altered intrusive rock from coordinates
17.500 N., 17,700 E., in which only chrysocolla and mala
chite were visible in hand specimens, were polished.
These specimens were not sufficiently polished to be 
called polished-sections, and as such could not yield
as much information as would normally be expected. They 
were studied under the binocular microscope with the 
following results. The Pinal schist at coordinates
18.500 N., 20,200 E. is a light brown-gray, fine-grained 
rock with prominent cleavage planes having a micacous 
luster. Minute specks of chalcocite are disseminated 
throughout. The Pinal schist at coordinates 16,000 N.,
21.500 E. is a gray-appearing quartzose rock. Chalcocite 
is present as thin rims around chrysocolla. The specimen 
from a prospect pit at coordinates 17,500 N., 17,700 E. 
is a gray rock. On polished surfaces it appears as a
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black matrix with white and green-tinted feldspar pheno- 
crysts. It is apparently a highly altered intrusive. 
Chalcoclte occurs as thin rims around small chrysocolla 
blebs. It also appeared that hair-like veinlets were 
present in the black matrix, but this could not be con
firmed. It would, therefore, seem that the presence 
of chrysocolla and malachite in Pinal schist, and possibly 
quartz diorite, carries with it the probability of accom
panying chalcoclte. The common megascopic occurrence of 
chalcoclte with chrysocolla and malachite in quartz 
diorite further indicates the truth of this statement 
with regard to quartz diorite. Origin of the chalcoclte, 
as suggested in the previous paragraph, is most likely 
an alteration product of primary chalcopyrite and/or 
bornlte which were already present in the rock.

Chalcoclte in the area is of the massive, gray, 
crystalline variety found in hypogene ores, as compared 
to the soft, powdery, "sooty" variety commonly found as 
a secondary mineral. But Park (1964) states that all 
supergene chalcoclte is not the "sooty" variety; it thus 
may be impossible to distinguish supergene from hypogene 
types. The presence of thin rims of chalcoclte around 
small chrysocolla blebs attests to a supergene origin.
It is possible, of course, that both primary and second
ary chalcoclte exist concurrently.
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As seen from Plate I, the area Is covered by 

extensive alluvium, with outcrops occurring as described 
on pages 15-17, and in prospect pits and trenches. Most 
of the mineralization is found in quartz diorite and 
Pinal schist along a small dirt road arbitrarily designated 
on Pate I as the San Juan road. Alluvium covers bedrock 
to the southwest of this road for approximately 1000 to 
2500 feet. When outcrops do occur, again they are un
mineralized, and consist of Tertiary volcanics, Pinal 
schist, quartz diorite, and aplite. One exception occurs 
at coordinates 14,200 N., 20,200 E., where a small amount 
of chrysocolla is found in quartz diorite. Mineralization 
is bounded to the southeast by Tertiary volcanics, and to 
the northeast by Tertiary volcanics and the Pantano forma
tion. Five isolated occurrences of copper mineralization 
were found in the volcanics. At coordinates 19,600 N.,
19,800 E., a shallow prospect pit sunk on an isolated 
volcanic outcrop contains chrysocolla and malachite as 
thin fracture fillings. At coordinates 18,500 N., 23,300 E. 
chrysocolla float is found over a ten-foot square area, 
but no actual outcrops were observed. Chrysocolla occurs 
as fracture fillings up to approximately one-half inch in 
width. A third occurrence is found at coordinates 17,800 N., 
23,600 E., where a minute amount of chrysocolla was found
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in a fault adjacent to a bed of arkose. The fourth 
copper occurrence is associated with the fault contact 
between the Tertiary volcanics and the quartz diorite 
in the prospect pit at coordinates 17,300 N., 22,600 E. 
Extensive chrysocolla occurs as thin fracture fillings 
both in the gouge zone and in the quartz diorite hanging 
wall. A small amount of chalcocite was also found. No 
evidence of primary mineralization was recognized. The 
fault at the pit, which strikes N. 60° W. and dips 80° S., 
can be followed in either direction by float and outcrop 
methods. The last occurrence in the volcanics is found 
at coordinates 18,600 N., 20,400 E., near a Pinal schist 
outcrop. This mineralization, consisting of chrysocolla 
and malachite in small fractures and in a breccia, is 
associated with a probable fault contact between the 
volcanics and Pinal schist.

Alluvium covers bedrock to the northwest of the 
mineralized area. One of the extreme northwest mineralized 
outcrops is found in a small wash at coordinates 20,000 N.,
18,500 E., where an intrusive contact between Pinal schist 
and quartz diorite is clearly visible. Malachite and 
some chalcocite are found in fractured schist; apparently 
none occurs in the quartz diorite, at least megascoplcally. 
There is over 2000 feet of alluvium separating this



mineralized outcrop from the mineralized outcrops along 
the San Juan road.

As previously stated, mineralization is found 
primarily along the San Juan road. Eleven grab samples 
were taken by another party from mineralized outcrops 
along this road. They were analyzed for copper sulfides. 
Three at the large prospect pit at coordinates 17,900 N.,
16.300 E. assayed 0.17#, 0.36#, and 0.16#. Four more 
were taken between the pit and the shaft at coordinates
17.300 N., 20,300 E., giving assays of 0.13#, 0.23#,
0.38#, and 0.48#. The final four samples were taken from 
the shaft along the road to the group of prospect pits 
near coordinates 16,000 N., 22,000 E. They gave assays 
of 0 .88#, O.69#, 0 .57#, and 2 .00# (personal communication, 
Glynn Burkhardt). It is evident that relatively large 
amounts of copper sulfides are present in mineralized 
surface outcrops, probably as chalcocite. Megascopic 
examination of mineralized samples (chrysocolla and mala
chite) many times does not indicate the existence of 
chalcocite. The assays suggest that chalcocite is present 
even if not visible megascoplcally, a conclusion previously 
reached from the study of polished surfaces of Pinal schist 
and an altered intrusive.
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The mineralization near coordinates 17,700 N.,

20,300 E. is found in quartzose Pinal schist. See 
Figure 1 8. It is possible that this brittle rock served 
as a more permeable horizon than did the quartz diorite 
and softer schists in adjacent areas. This is, of course, 
only speculation, but if true, might serve as a guide to 
mineralization. Some shallow drilling was performed near 
the shaft, but proved nothing, being less than 50 feet 
deep (personal communication, Glynn Burkhardt). Also 
near the shaft is a two- to three-foot red and white vein 
of coarsely crystalline calcite which strikes N. 25° E. 
and dips 67° S. Country rock is Pinal schist. Copper 
mineralization is negligible, with a few specks of mala
chite found along fractures.

A large opaque white "bull" quartz vein is found 
at coordinates 16,200 N., 2 2 ,2 0 0 E. Its unmineralized 
nature, combined with similar occurrences in adjacent 
areas, suggests no direct relationship with the copper 
mineralization. Large masses of "bull" quartz in some 
parts of the world are characteristic of mineralized 
districts, even though they neither occur close to nor 
overlie mineralization. In these cases they serve as 
guides to general areas of interest (McKinstry 1948).
This may be true of the San Juan claims area.
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Figure 18. Quartzose Pinal Schist in the San 
Juan Claims Area.
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Alteration in the area is primarily the "pink 

feldspar" type as described on pages 64-74. There was, 
however, evidence of propylitic alteration at coordinates 
17,900 N., 16,500 E. and possibly coordinates 1 7 ,8 0 0 N.,
16.000 E. in the quartz dlorlte, and coordinates 17,000 N., 
20,700 E. in the Pinal schist. At coordinates 17,800 N.,
16.000 E., the partially filled prospect pit exposes only 
Pinal schist, but dump material contains altered quartz 
diorite with chrysocolla and smaller amounts of malachite 
and chalcocite occurring in small fractures. The presence 
of numerous slickensides suggests that the Pinal schist - 
quartz diorite contact is faulted somewhat.

Pinal schist and quartz diorite in the general 
area of mineralization are well-fractured. A fault-breccia 
zone is visible in the wash at coordinates 17,400 N.,
16,400 E. This zone has variable strikes and dips, such 
as Due East, 65° 3.; N. 60° W., 39° N.; and N. 15° W.,
23° E. It is composed of alternating Pinal schist and 
quartz diorite. Mineralization is negligible, consisting 
of small amounts of chrysocolla in fractures. It would 
therefore appear that the zone, at least at this point, 
did not serve as a channelway for the mineralizing solu
tions. This would suggest that fracturing as a guide to 
mineralization cannot be used until a better understanding
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of Its relationship to mineralization is obtained. Also 
suggesting this conclusion is the fact that adjacent 
unmineralized areas are highly fractured.

Summary and Conclusions

(1) Primary copper minerals present include 
chalcopyrlte, bornite, and possibly chalcocite.

(2) Due to an absence of pyrite, secondary copper 
mineralization has been derived by alteration of inplace 
primary sulfides and has not been transported in by meteoric 
waters.

(3) Due to a lack of pyrite, no secondary '!chalco
cite blanket" characteristic of porphyry copper deposits 
will be found.

(4) Even though not visible megascopically, 
chalcocite is present in the Pinal schist and quartz 
diorite in association with chrysocolla and malachite.

(5) The white cryptocrystalline quartz and the 
mineral designated as "green mineral", which are found 
in the overlying volcanics, do not appear to have had 
any association with the copper mineralization.

(6 ) The bull quartz dikes and outcrops do not 
appear to have had any direct relationship to the mineral
ization, although they may serve as guides to general 
areas of interest.
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(7) "Pink feldspar" alteration is common in the 

general area. A few examples of propylitic alteration 
were also observed. Epidote and a gray crystalline 
quartz are common. These alteration and mineral assem
blages may serve as guides to general areas of interest. 
Further study may or may not allow them to be used as 
guides to specific mineral deposits.

(8 ) Practically all mineralization is found
in the quartz diorite and the Pinal schistj very little 
in the overlying volcanics. At least part of the vol- 
canics in this area, however, lie in fault contact with 
the mineralized quartz diorite and Pinal schist.

(9) Use of fracturing as a guide to mineraliza
tion is not possible until a better understanding of its 
relationship to mineralization is obtained.

(10) The possibility exists that mineralization 
may have been somewhat localized in the San Juan claims 
area by brittle quartzose Pinal schist.

(11) The mesothermal porphyry deposit does not 
resemble the epithermal barite deposit at Big Mine. They 
are probably not related. Whether the copper occurrences 
at Big Mine are related to the barite epoch or the porphyry 
epoch is open to question. If related to the barite 
epoch, the copper occurrences in the post-Laramide volcanics



107
overlying the Pinal schist and quartz diorite of the 
San Juan claims area could easily be explained. This 
would allow the porphyry mineralization to be interpreted 
as Laramide in age. It has been demonstrated that in six 
districts in southeastern Arizona ages range from 56 to 
72 million years for rocks related to ore deposits (Anderson 
1966). If, however, the copper mineralization at Big 
Mine were related to the porphyry epoch, age of the por
phyry deposit would be post-Laramide. This would pose 
the question as to why evidence of extensive copper 
mineralization is not found in the overlying volcanics 
near coordinates 17,700 N., 22,300 E. It is true that 
near this point the contact is faulted. It is a relative
ly small fault, however, and probably did not involve 
excessive displacement. At Big Mine the lack of copper 
mineralization in the volcanics could be explained by 
noting the lesser amounts of mineralizing solutions which 
entered the area, and also by realizing that the mineraliz
ing solutions entered the area along well-defined faults. 
This cannot be said of the porphyry area, where large 
amounts of copper mineralization are found in disseminated 
form throughout a large area. In such a situation it 
would seem likely that the mineralizing solutions would 
have entered the fractured and vesicular volcanics.



spreading out in all directions. Until evidence to 
the contrary, the porphyry mineralization is assumed 
to be Laramide.

(12) This area is considered a promising prospect 
for further exploration, particularly drilling. Aside 
from areas which contain mineralized outcrops, the large 
alluvium-covered pediments near coordinates 16,500 N.,
18,500 E.j 20,500 N., 18,500 E.; 19,500 N., 15,000 E.; 
and particularly 18,800 N., 17,700 E., should be explored. 
Since volcanics overlie the mineralized area at coordinates
17,300 N., 22,600 E., it would be advisable to drill 
through the volcanics to intersect the Pinal schist - 
quartz diorite at depth. This would also provide informa
tion concerning the unlikely occurrence of extensive 
copper mineralization in the volcanics.

The alluvium cover is probably thin in this 
general area. Barter (1962) interpreted a gravity survey 
along Red Rock road as indicating the basement rock 
between the Suizo Mountains and Desert Peak to the west 
to be relatively shallow and possibly undulating.
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CHAPTER XVI

ADJACENT AREA MINERALIZATION

General

Three areas of extensive mineralization are 
found adjacent to the mapped area. Copper mineralization 
is found three miles north-northwest of the Sulzo 
Mountains in the Durham Hills and also approximately 
one and one-half miles east of the Blue Star mine.
Copper and silver occur at the Apache mines, three 
quarters of a mile southeast of the southwest corner of 
the mapped area.

Durham Hills (Barter 1962)

Further exploration and drilling of this general 
area has been performed since publication of Barter's 
thesis. The following description concerns the area as 
he found it in 1 9 62.

Mineralization located on the eastern side of 
Durham Hills consists of chrysocolla, malachite, azurite, 
secondary chalcocite, and an occasional bleb of chalco- 
pyrite. Evidence of primary mineralization is found in
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both schist and granite. Visible alteration types 
associated with mineralization consist of silicifica- 
tion and kaolin!zation.

Two groups were working copper deposits in 1962.
The first group had driven a tunnel to a granite-schist 
contact where high grade secondary ore was encountered. 
Consisting of secondary chalcocite and chrysocolla, one 
shipment of flux ore assayed approximately 3 .5# copper. 
Concentration of copper seems to have resulted from 
leaching of the schist, with the resulting solutions 
traveling downward until encountering granite at the 
contact. The granite-schist contact also served as a 
major control of primary mineralization.

Development by the second group consisted of a 
small pit on a fault zone entirely in the granite. The 
fault zone served as a control for primary and apparently 
some secondary mineralization. Quality of the ore is 
about the same as in the other development, consisting 
mainly of secondary chalcocite and chrysocolla.

Additional workings in the area consist of prospect 
pits and shafts. Both shallow and deep drilling has been 
performed.
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East of Sulzo Mountains (personal communication, W. C.

Lacy)

Mineralization In this area, which is located 
approximately midway between the Sulzo Mountains and 
U. S. Highway 8 9, is concentrated more than that at the 
San Juan claims area, occurring in a northerly trending 
shear zone. Country rock is probably a quartz diorite.

Apache Mines (Pickard 1912)

Two distinct ore formations, while undoubtedly 
of the same origin, differ in character and mineraliza
tion. Both are associated with a large metamorphosed 
ferruginous andesite porphyry dike which caused several 
fissures in the muscovite granite country rock. One 
deposit is located in the dike itself, occurring as 
several mineralized zones which are especially found near 
the footwall contact. A body of calcite, over 30 feet 
wide and very long, is found along this contact.* Stained 
with hematite and pyrolusite, it is believed to have 
resulted from metamorphism of feldspar in the dike.
Copper, as malachite, azurite, cuprite, secondary chalco- 
cite, and native copper, is found only in the dike.
Silver occurs with the chalcocite, and gold is found as 
an accessory mineral to both the copper and silver. This
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mineralization, associated with Immense deposits of iron 
oxides, occurs as stains and veinlets.

The second deposit is associated with the fis
sures in the muscovite granite caused by emplacement of 
the dike. These fissures are filled with decomposed 
granite, andesite porphyry, clay, and mostly quartz, 
all extensively stained with red iron oxide. Silver 
and associated gold are the chief metals present, occurring 
primarily as cerargyrite or horn- silver. Silver is also 
found as bromide salts and as native wire silver. Some 
associated lead is present.

Development as described by Pickard consisted of 
a few shafts, drifts, and stopes on the fissure deposits 
and shallow shafts dug for assessment work on the copper 
deposits. Although quite extensive, development work on 
the silver claims was performed with the idea of robbing 
the mine. Consequently the workings are in bad shape, 
practically inaccessible. Barter (1962) states that the 
present extent and condition of the workings indicate 
that very little development has been performed since 
Pickard's 1912 report.
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