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CHAPTER I

Introduction

Location ard. Accessibility

This report describes an area in the Canada del Oro 
district in Pinal County, four miles southeast of Oracle, 
Arizona* It is within the.Coronado National Forest on the 
northern slope of the Santa Catalina mountains. The area 
is bounded" on the southwest by the Samaniego Ridge and on 
the northeast and east by Apache Peak and Oracle Ridge; It 
comprises several sections of Township 11 south. Range 15 
east, and is listed as being in aerial photograph Arizona 
387 (32° 30' N. Lat, 110° 45' W. Long.) by the United States 
Cartographic Division of the Department of -the Interior;

Tucson is 37 miles to the southwest, via state highway 
77 to Oracle Junction, a distance of 7*5 miles, and U. S. high
way 84 to Tucson, 30 miles more*. A mine road from State high
way 77 leads into the area. This road follows a dry wash for 
a little over two miles and then turns southward for five miles 
up the Canada del Oro. During the fall and winter the trip by 
automobile down the wash may not be possible except before sun
rise or after sunset• At these times the water table under the 
loose granitic sand rises sufficiently high to make the sands 
firm enough to support the weight of the vehicled Jeeps or
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trucks with four-wheel drive find little difficulty in 
negotiating the wash and the writer found that upon loading 
his truck with about 400 pounds of boulders, sufficient 
traction was gained to plow through the soft sand. Formerly 
there was a road into the Canada del Oro via Nieves ranch 
road 22.5 miles north of Tucson on U. S. highway 80. This 
road was recently destroyed by a series of flash floods','

A third, but very rough road branches off highway 77 
from the direction of Oracle and leads to the abandoned Copper 
Hill mine. This road does not eliminate the trip through the 
sand wash but adds several more miles of untraveled sand washes 
which in dry season are difficult, if not impassible.

Purpose and Scope of the Examination:

This report is the result of a field study to determine 
the structural relationships of the Apache group rooks in the 
Canada del Oro, undertaken as partial fulfillment of the re
quirements for an advanced degree at the University of Arizona. 
The field work was done intermittently.during the spring and 
fall of 1950 over a period of seven months. Laboratory investi
gations were carried on during this same period. The topographic 
map of the Winkelman quadrangle surveyed by the United States 
Geological Survey in 1910 arid edited in 1913 (reprinted in 1946) 
was not large enough in scale to permit accurate geologic mapping 
without crowding, hence an enlargement was made to a scale of .1 
inch equals 500 feet. Even at this scale, minor details in the
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field were necessarily omitted'.
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CHAPTER II 

Physical Conditions

Drainage:

The Canada del Oro is the most important stream drain
ing the northern slope of the Santa Catalina mountains. All 
other streams within the area empty into the Canada del Oro, 
and it is the only stream having running water throughout 
most of the year. During the dry season, however, water is 
confined to subsurface flowage which appears above ground only 
in a few rock basins or in natural reservoirs partially filled 
with gravel and formed by tilted bedrock striking across the 
stream bed.

The draining pattern of the stream may be classified as 
subdendritlc, showing minor slope control of second and third 
order streams. It differs from the normal dendritic-type drain
age because of slight structural control. The Canada del Oro 
in its entirety may be classified as of the contorted drainage 
type for the stream completely reverses its direction of flow 
shortly after leaving the area under study.

The tributaries of the Canada del Oro normally do not 
carry surface water, but from the amount of granite gravel 
found in them, they probably are active in carrying the runoff 
from torrential cloudbursts during the summer rainy season'.
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Relief. Elevation and Tonography:

The area mapped is one of moderately high, relief with 
steep slopes, vertical cliffs and narrow canyons, Eleva
tions range from 3600 feet in the Canada del Oro at the 
northern end of the area to 5100 feet on some of the ridges 
bordering the area on the northeast and southwest. The 
ridges to the southeast of the area rise to a maximum height 
of 9150 feet at Mount Lemon.

The area is in the youthful cycle of erosion. Relief is 
rugged and exposures are generally excellent. Narrow straight- 
walled canyons are abundant in many of the Canada del Oro tribu
taries and waterfalls in these usually dry streams have a maxinum 
plunge of 30 feet, although there is no indication that they are 
the result of faulting. Scours in the plunge pools are rela
tively shallow.

Topography is closely related to structural control, al
though the character of bed rock probably also is significant.
As a general rule the igneous rocks weather more rapidly than 
sedimentary rocks and the shales more rapidly than the quartz
ites.

Climate:

The climate of the Canada del Oro area is semi-arid. Records 
of the United States Weather Bureau in Tucson show that the average 
rainfall there for the past 10 years has been 10.64 inches. The
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rains occur in two periods, one during July and August, anil 
another during December and January. About one-half the pre
cipitation occurs in the summer period in the form of cloud
bursts accompanied by heavy runoffs. Below is an abridged 
chart taken from the United States Weather Bureau monthly re
port at the Municipal Airport in Tucson. Temperatures average 
slightly cooler and precipitation slightly greater in the Canada 
del Oro district for it is approximately 1200 feet higher’.

MOUTH TEMPERATURE PRECIPITATION AVERAGE
IN INCHES. WIND DIRECTION 

AND SPEED
Max. Min. Average Miles per hour

August, 1950 108 67 84 0.86 SSE -6.4
July 106 67 82.8 3.72 SSE 6>.5
June 107 53 81.6 1.24 SE 6.<>'
May 96 38 71.6 0.01 SSE 6.8
April 95 49 69.2 0.00 SSE 7.0
March 92 35 60.7 0.26 SE 6.6
February 79 32 57.2 1.48 SE 5.4
January 84 17 50.4 0.30 SSE 6.3
Dec., 1949 78 22 50.8 0.84 SSE 7.1
November 86 37 64.3 0.17 SSE 8.0
October 92 35 66.4 0.52 SSE 7.2
September 103 66 82.2 0.81 SE 7.6

Total 10.21

As can be seen from the above chart, temperatures over
100° are not uncommon and temperatures of 90° and above may



last for a four-month period* The relative humidity, Uovrever, 
is low arri therefore the days are not unbearable aid. the nights 
are usually cool* Snow and hail or sleet are extremely rare 
and seldom last more than a few minutes to perhaps a few hours 
at a time. Snows as deep as 18 to 20 inches may remain on the 
ground several months, in the higher granite ridges southeast 
of the area studied. "

Flora:

Lack of soil within the Canada del Oro area and the long 
dry season broken only by rains with accompanying heavy runoffs, 
limit the vegetation to drought-resisting desert types except 
on the edges of main streams. The south sides of ridges are 
especially barren of vegetation* There is not sufficient timber 
within the area to build a headframe for the smallest mine and 
barely enough wood for a week of small campfires1.

Ground Water:

No thorough study of ground water in the Canada del Oro 
area has been made. All mines and prospect pits in the canyon 
bottom have been troubled by flooding of the workings, although 
these may be over 200 feet laterally from the stream bed. In 
every case the aquifer responsible for mine flooding is the 
permeable Mescal limestone which lies between two impermeable 
quartzite formations. Mine water may be thought of as effluent 
drainage from the main streams.

Good water is nearly everywhere available in gravel a few

7



feet below the surface of the main stream bed, even In the 
driest part of the year. Surface water usually flows In the 
main stream from November to April. The tributaries of the 
main stream generally do not carry enough subsurface water 
for domestic use as the gravel fill In them Is too shallow 
and the runoff from rains too rapid for accumulation.

3
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CHAPTER III 

General Geology

Principal Features:

The basement rock of the Winkelman quadrangle, in which 
the Canada del Oro area lies, is the Pinal schist, of Archean 
age. The Pinal schist and the lowest member of the Apache 
group, the Scanlon conglomerate, are missing in the Canada del 
Oro area. The remaining members of the Apache group of late 
Precambrian age consist of the Pioneer shale, Barnes conglom
erate , Dripping Spring quartzite and Mescal limestone. Except 
in one small outcrop, the basalt, which in some areas forms 
the top of the Apache group, is missing, and the Mescal lime
stone is directly overlain by Middle Cambrian Troy quartzite 
(Figure l)•

The youngest sediment in the area mapped is Recent alluvium 
which ranges from coarse, poorly cemented, rounded conglomerate 
to loose sand, aid. is confined wholly to the lower parts of the 
district.

The oldest intrusive rock in the area is diabase which 
intrudes all of the Precambrian formations, but is principally 
found as thick sills in the Dripping Spring quartzite. The 
diabase may frequently be found at the base of the Troy quartz-
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ite but nowhere in the area does it intrude the Troy.

A mineralized quartz monzonite dike which Intrudes both 
the Apache group and the Troy quartzite is next younger. This 
intrusive is believed to be of Laramide age as it corresponds 
to Laramide intrusives of similar composition which are abun
dant in central and southern Arizona.

Andesite porphyry dikes that are still younger occur on 
the northeastern, southeastern and southwestern boundaries of 
the area. These dikes cut formations of the Apache group and 
also the Troy quartzite within the mapped area. All are be
lieved to be post-faulting intrusives1.

Rhyolite is the youngest igneous rock for it cuts all the 
sedimentary and other igneous rocks of the area''.

Previous Investigations:

Little has been published on the geology of the Santa 
Catalina mountains, tf. P. Blake (1909, pp. 45-49), the Ter
ritorial Geologist in 1908, wrote the first general descriptiom 
of the range. In this paper no mention of Precambrian sediments 
was made, nor was the geology of the northern side of the range 
described.

F. L. Ransome (1917, pp. 144-145) gave a brief summary/of 
the geology of the Santa Catalina mountains based on work that 
was being carried on in 1917 by C. F. Tblman. Unfortunately,
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the report of Tolman was never completed.

H. Darton (1925# PP» 270-283) did some reconnaissance 
work in the northeastern part of the Santa Catalina range and 
in 1925 his report gives a section of Stratton Canyon on the 
northeastern flank* No mention of Canada del Oro was made in 
this work.

W. M. Davis (1931, pp. 289-317) presented a physiographic 
interpretation of two periods of faulting, connected with the 
genesis of the Santa Catalina mountains. He is the first 
geologist to mention the stream draining the Canada del Oro 
and to suggest that from the types of stream gravels in the 
bed sedimentary rock must have been exposed upstream.

A. A. Stoyanow (1936, p. 474) investigated the Canada 
del Oro about 1936. He notes the unusual thickness of the. 
Mescal limestone, 200 to 300 feet, and mentions that on the 
other side of Oracle Ridge, three miles eastward in Pepper- 
sauce Canyon, there is not a trace of limestone between the 
Precambrian Dripping Spring quartzite and the Middle Cambrian 
Troy quartzite.

No detailed geologic work on the structure of the Canada 
del Oro has been published. Mine claim surveying by the Mam
moth-Saint Anthony Limited of Tiger, Arizona has been done on 
the western part of the area under study, but their maps are 
at present unavailable.
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Detailed Description

Sedimentary Rocks;
1. Pre-Cambrian

a. Apache group
(l) Pioneer shale: The oldest formation exposed

in the Canada del.Oro area is the Pioneer shale. The forma
tion Is fairly evenly distributed in a northwest trending band 
across the entire area. It is irregularly displaced by fault- > 
ing which is described in the chapter on Structure (Page 30).

The Pioneer shale is a medium dark to a light olive gray 
color on fresh surfaces. Many specimens show thin laminations 
alternating between these two colors. Both of these colors 
turn a brownish gray upon weathering1.

The rock in thin section appears to contain the following 
minerals:

Minerals Size in Percent of
Millimeters Rock Volume

Angular quartz grains 0.2 (Average) 60
Rounded quartz grains 0.2 (Average) 10
Orthoclase feldspars 0.1 (Average) 10
Kaolinized feldspars 0.1 (Average) 5
Aphanitic silica groundmass - . 15

Laminations observed megascoplcally appear under the 
microscope as more or less regular bands of darker and lighter 
siliceous material. There seems to be no change in the amount 
of quartz fragments in these bands, but merely a change in the 
color of the siliceous cement surrounding the sand grains'.



According to Krynlne (1948, p. 140) the rock described 
above may be classified as a sandstone*

The total thickness of the formation in the area studied, 
including the intrusions of diabase and andesite porphyry, is 
733 feet, of which 313 is sedimentary rock. The fissility of 
the formation has permitted easy penetration by intrusives.
This fissility also is responsible for the forming of many 
bedding plane faults. Surfaces of the Pioneer shale apparently 
acted as glide planes when all the sedimentary rocks in the area 
were being thrust into their present positions'.

The Pioneer shale of central Arizona as described by 
Galbraith (1935, p. 30) consists of an upper and lower unit.
The lower unit is described as a schistose and sericitized 
quartzite and the upper unit as a well compacted relatively 
undisturbed sandstone. Galbraith’s upper unit of the Pioneer 
shale is comparable to the Pioneer shale of the Canada del Oro 
district.

About two miles northeast of the Canyon del Oro area is 
a moderately metamorphosed sedimentary formation consisting 
of dark gray schistose, sericitic rocks which contain white 
to light gray rounded and elliptical spots and which give the 
rock a mottled and bleached appearance. This material bears a 
striking similarity to that making up the lower unit of the 
Pioneer shale as described by Galbraith. This formation .may 
represent the lower part of the Pioneer shale which is missing

13
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in the area under study»

No examples of cross bedding or ripple marks were observed 
in the Pioneer shale of this area and their absence may point 
to deposition in fairly deep and quiet water.

(2) Barnes conglomerate: The Barnes conglomerate
is a remarkably persistant formation throughout the area, lying 
with apparent conformity on the Pioneer shale.

The rock consists of well rounded elliptical quartzite 
gravels embedded in an arkosic matrix. The cementing property 
of this matrix is such that fractures in the rock traverse both 
the gravels and the matrix with equal ease, breaking with ex
ceptionally smooth surfaces. On a fresh face the quartzite
gravels, which range in size from half an inch to four inches

' ‘along the long axis, appear white to a light-gray. Scattered 
throughout the rock are gravels of similar size, composed of 
dark gray chert and others of red jasper. The matrix on fresh 
surfaces exhibits a pale reddish brown color, but it weathers 
from a moderate reddish brown to a dusky red. The gravels are 
a very light grey on weathered surfaces♦

Within the Barnes conglomerate there is a suggestion of 
horizontal stratification, but there is no graded bedding, and 
the measurement of formational dip therefore is difficult'.

The thickness of the formation in the area studied varies 
from 5 to a maximum of 30 feet. The resistant character of the
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rock in many places gives the formation a dike-like appearance, 
projecting a few feet above the surface of the stratigraphically 
underlying Pioneer shale, and making the formation an exceeding
ly useful marker bed^

A high ridge 3100 feet northwest of the area under study 
is capped by Barnes conglomerate of unusually great thickness 
(see Plate I)• The formation here forms a vertical cliff about 
60 feet high portraying its cliff-forming tendencies wherever 
sufficient" thickness is present• -

(3) Dripping Spring quartzite: The Dripping Spring
quartzite, which conformably overlies the Barnes conglomerate, 
is dominately a pale red to pale yellowish brown quartzite that 
weathers to dark reddish brown# The rock is fine-grained, quite 
brittle, and in many places rings with a bell-like tone when 
struck smartly with a hammer. The lower 200 feet of the quartz
ite is massive with no discernable bedding, whereas the upper 
175 feet exhibits thin bedding on weathered surfaces. No cross
bedding was observed in the formation.

The rock in thin section appears to contain the following
minerals:

Minerals
Size in; 

Millimeters
Percent of 

Rock Volume
Anhedral quartz grains 0.35 “ 0.71 60 Subhedral orthoclase feldspar 0.26 (Average) 10 
Subhedral oligioclase feldspar 0.30 (Average) 5 
Subhedral Andesine 0.30 (Average) 5 
Kaolinized feldspars 0.30 (Average) 20
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A typical sample of a shaly member of the Dripping Spring

quartzite contained the following minerals:
Size in Percent ofMinerals . Millimeters Rock Volume

Anhedral quartz grains 0.03-0.07 60
Altered feldspars 0.02-0.03 10
Aphanitic ferruginous cement - - 30

The total estimated thickness of the Dripping Spring 
quartzite formation Is about 985 feet of which 665 feet consists 
of quartzite and 320 feet of intrusive diabase dikes (see typical 
section, page 2OA). It is located along a wide band striking 
northeast-southwest'and paralleling the underlying Barnes con
glomerate. It extends the entire length of the area under study 
as illustrated in Plate I. It has a regional dip of about 45 
degrees to the northeast, varying only in the extreme north
west where its strike is east-west and its dip about 50 degrees 
to the north.

The Dripping Spring quartzite formation characteristically 
forms ridges.

(4) Mescal limestone: The Mescal limestone con
formably overlies the Dripping Spring quartzite in the area 
under study and it is characteristically massive, fine-grained, 
and relatively free of impurities such as chert and sand. On 
fresh surfaces it.is a medium light gray color but it weathers 
white, light gray, or a light to medium brown.

The calcite grains average about 0.15 millimeter in diameter
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and are mostly subhedral. Many show good twinning. Some thin 
sections show banding caused by light and dark shades of cal- 
clte. Grains forming dark layers are 0.015 millimeter or less 
in diameter, yet each grain appears to have its own separate 
extinction, not related to that of neighboring grains'.

The thickness of the Mescal limestone varies from 5 feet 
in a few outcrops in the southeastern part of the area to a 
thickness of about 560 feet in the vicinity of the Stove-Lid 
mine. In a few places, notably in the south central section, 
the Mescal limestone is missing and Cambrian Troy quartzite 
rests directly on Dripping Spring quartzite. This relation 
is believed to be due to thrust faulting which has cut out the 
relatively incompetent limestone formation.

The Mescal limestone has been intruded by diabase sills 
at several places, notably in the vicinity of the Lead Reef 
mine, and also in the extreme southeastern corner of the area 
studied. In the latter locality the contact between the Mescal 
limestone and the diabase is quite sharp, yet near the Lead 
Reef mine, a breceiated zone some 12 feet wide may be seen at 
the contact between the limestone and the intrusive'.

At several places throughout the Canada del Oro area the 
Mescal limestone has undergone considerable metamorphism. This 
feature is best exhibited in an outcrop of light green, marblized 
limestone in the east central section. The outcrop is approxi
mately 1500 feet long and 60 feet wide. The marble, which takes
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a high polish, is believed to have resulted from an intrusion 
of diabase into*a highly permeable facies of the formation, 
for the contact between the two rocks is usually quite sharp*

At the northwestern edge of the area.studied the Mescal 
limestone is-distinctly shaly and has been intensely deformed.
At the Stove-Lid mine the limestone has undergone high angle 
shear faulting and has become the host rock for high sulfide 
mineralization of lead, zinc, copper and silver*

2* Paleozoic System
Middle Cambrian
a. Troy quartzite; The Troy quartzite, which is the 

youngest lithifled sedimentary rock in the area under study, 
unconformably overlies the Precambrian Mescal limestone. Where 
the limestone is missing it unc onformably overlies the next 
oldest Precambrian unit which is the Dripping Spring quartzite. 
The Troy quartzite in most places has a coarse-grained texture.
It varies in color on fresh surface from light brownish gray 
to very dusky red purple and it weathers to a dark reddish brown. 
A variety of this sandstone found in the vicinity of the Amphi
theatre is medium-grained and cross-bedded. It also is light 
brownish gray and weathers to a dark reddish brown. In the 
central and eastern parts of the area is a shaly siltstone 
member that exhibits a pale yellowish brown color on a fresh 
surface and a grayish red where weathered. Another variety 
of the Troy quartzite, found only in the central part of the
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area weathers to a very dusky red and has red Llesegang 
lines on a buff-colored fresh surface.

The Troy quartzite appears In thin section to consist 
of the following minerals:

Size In
Minerals Millimeters

Angular quartz grains 1.3 - 0.06
Amorphous silica cement
Magnetite Is present as an accessory mineral in small quantities.

A complete section of the Troy quartzite is lacking in the 
area studied because of many bedding plane faults which cause 
repetition of beds. Galbraith (1935, p. 47) describes the lower 
beds of the Troy quartzite of central Arizona as consisting of 
very coarse conglomeratic sediments also containing boulders 
and cobbles of limestone, presumably Mescal limestone. He de
scribes the upper beds as becoming of progressively finer 
texture higher in the section. As no coarse conglomeratic 
quartz beds of Troy were noticed in the Canada del Oro dis
trict, this may indicate that lower beds are omitted.

In a measured section (see measured section page 20A) the 
thickness of the Troy quartzite exceeds 900 feet. At least 
400 feet of this is probably due to repetition of beds caused 
by bedding plane faults.

The Troy quartzite is found on the northern and eastern 
parts of the Canada del Oro area and forms most of the ridges 
within these sections. It is a steep ridge-and cliff-forming

Percent of 
Rock Volume

85
15
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formation.

The differences between the Troy quartzite and the Pre- 
cambrian Dripping Spring quartzite are not easy to detect.
In the Canada del Oro district cross-bedding is absent in the 
Dripping Spring formation but may or may not be present in the 
Troy quartzite. The Dripping Spring quartzite is uniformly 
fine-grained, and has a clean well-sorted appearance except 
locally where a few shaly mudstone beds occur. The Troy quartz
ite, on the other hand, is a much coarser quartzite and many'' 
specimens have an iron-stained appearance. The Troy, like the 
Dripping Spring, includes a shaly mudstone member, in which 
beds are very fissile and brittle, and give forth a clear, 
metallic ring when hit with a hammer. This member has many 
fossilized worm borings and worm trails scattered through it 
and some rain pits. No such markings are found in the weak 
shaly siltstone member of the Dripping Spring formation.

The Troy quartzite tends to weather to a browner color 
than does the Dripping Spring quartzite. The latter weathers 
in many places to a dark reddish brown color. The coloration 
of surfaces is not a reliable criterion, however.

3. Quaternary:
a. Alluvium: Alluvium within the Canada del Oro area

consists of two separate types. One of these is abundant and 
is exposed in the stream bed of the Canada del Oro and its tribu
taries. This alluvium is mainly composed of granitic sands,



MEASURED SEDIMENTARY ROOK SECTION

PREOAMBRIAN PIONEER SHALE
Average strike N 35 Vf. Average dip 43° NE.
TOP OF SECTION Thickness in Feet
(6) QUARTZITE: light olive gray, fine grained, poor sorted,

siliceous, fissil, massive, angular grains; weathers 
brownish gray, smooth; forms gentle slopes - 48 feet

(5) QUARTZITE: medium dark gray, fine grained, fair sorting,
siliceous, tough, compact, massive; shows thin 
laminae, angular grains; weathers brownish gray, 
moderately smooth; forms slopes - - - - - -  55 feet

(4) QUARTZITE: light olive gray, fine grained, poor sorted,
siliceous, massive, angular grains; weathers light 
brown, moderately smooth; forms small ledges-45 feet

(3) QUARTZITE: medium gray, medium grained, good sorting,
siliceous, fissil, massive, thin lamlnea, angular 
grains; contains 6-inch band of epidote stain near 
bottom; weathers light brown, moderately smooth; forms slope - - - - - - - - - - - - - - - -  -40 feet

(2) QUARTZITE: light olive grey, fine grained, fair sorting,siliceous, fissil, massive, angular grains; contains 
4-inch band of epidote stain near top of bed; 
weathers brownish gray, moderately smooth; forms slope - - - - - - - - - - - - - - - - - - -  -50 feet

(l) QUARTZITE: light olive gray, fine grained, fair sorting,
siliceous, fissil, massive, angular grains; weathers 
light brown, moderately smooth; forms small ledges 
--------------------------------------------- 25 feet

TOTAL 263 feet

PREOAMBRIAN BARNES CONGLOMERATE
Apparent conformity with dip of underlying Pioneer shale.
1. CONGLOMERATE: yellowish brown, thick-bedded, massive;

weathers to reddish brown; forms resistant cliff 
- - - - - - - - - - - - - - - - - - - - - -  -20 feet
Matrix: yellowish brown, coarse grained, poor 
sorting, arkosic;
Gravel: •§■ - 3 inch diameter; well rounded; mostly 
ellipsoidal; smooth polished surfaces; composed of 
light gray to black guartzite and dusky red jasper 
gravels; weathers light gray to white, rough.
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PREOAMBRIAN DRIPPING SPRING QUARTZITE
Apparent conformity with dip of underlying Barnes conglomerate'.
TOP OF SECTION Thickness in Feet
(6) QUARTZITEi medium gray, fine grained, well sorted, arkosic, 

tough, massive; tendency towards thin laminea; 
moderately rounded grains; weathers to brownish red ------ --------------------------------------155 feet

(5) SANDSTONE: pale yellowish brown, very fine grained, well
sorted, arkosic, friable, thin bedded; moderately 
rounded grains; weathers to reddish brown; forms 
ridges - - - - - - - - - - - - - - - - - - -  70 feet

(4) QUARTZITE: pale red, fine grained, fair sorting, tough,
massive; moderately rounded grains; indication of 
thin bedding on weathered surface; weathers to dark 
reddish brown; forms ridges - - - - - - - -  175 feet

(3) SANDSTONE: pale yellowish brown, very fine grained, well
sorted, arkosic, very friable, fissil, thin bedded; 
rounded grains; thin laminea; weathers to reddish 
brown; forms slopes- - - - - - - - - - - - -  45 feet

(2) SANDSTONE: dark brown, very fine grained, well sorted,
arkosic, fissil, massive; rounded grains; weathers 
to dark brownish red; forms slopes - - - - - 35 feet

(l) QUARTZITE: pale red, fine grained, fair sorting, arkosic,
tough, massive; rounded grains; weathers to dark 
reddish brown; forms ridges - - - - - - - -  195 feet

TOTAL 675 feet
PREOAMBRIAN MESCAL LIMESTONE
Apparent conformity with dip and strike of top bed of Dripping
Spring quartzite,
1. LIMESTONE: medium gray, very fine grained, carbonaceous,

tough, massive; weathers to light gray and white, 
solution holes and small pits, rough; forms steep slopes - - - - - - - - - - - - - - - - - - -  75 feet

PREOAMBRIAN BASALT (?)
Unconformable contact above and below dip 40° N strike N 50 W.
1. BASALT: black, aphanitic; massive; amygdaloidal; weathers

to reddish brown, rough; forms slopes- - - - 5 feet
MIDDLE CAMBRIAN TROY QUARTZITE
Unconformable contact with basalt. Average dip 30° N and strike
N 45 W.
TOP OF SECTION
(6) SANDSTONE: pale yellowish brown, very fine grained, fair
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sorting# siliceous, fissil, massive; moderately 
rounded grains; contains sericite plates; contains 
worm trails; weathers to grayish red; forms slopes 
--------------------- ------------------------ 240 feet

(5) QUARTZITE: light brownish gray, medium grained, good
sorting, very siliceous, tough, massive; cross- 
laminated on small scale; angular grains; weathers 
to dark reddish brown, salt and pepper appearance, 
rough; forms ridges and cliffs- - - - - - - -  230 feet

(4) QUARTZITE: light reddish brown, very coarse grained, poor
sorting, very siliceous, tough, massive; cross- 
laminated on.small scale; moderately angular grains; 
weathers to very dusky red purple; forms cliffs 
- - - - - - - - - - - - - - - - - - - - - - -  150 feet

(3) QUARTZITE: black, very fine grained, good sorting, very
brittle, thick bedded; several beds 1 foot thick con
taining i- inch angular white and red quartzite gravels; 
weathers to dark red, rough; forms slope - - 85 feet

(2) QUARTZITE: light brownish gray, medium grained, good
sorting, very siliceous, tough, massive; cross- 
laminated on small scale; angular grains; weathers 
to dark reddish brown, salt and pepper appearance, 
rough; forms ridges and cliffs- - - - - - - -  210 feet

(1) SANDSTONE: light brownish gray, medium grained, fair
s sorted, tough, thin bedded; contains occasional 
liesegangue structure, pale to dark red; weathers 
to very dusky red; forms moderate slope - - - 63 feet

TOTAL 978 feet
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gravels, cobbles, and boulders which may range up to 18 feet 
In diameter, all of which have been rounded by stream action. 
Mixed with the granitic material are smaller quantities of all 
the rocks types found within the area. No sedimentary rocks 
older than the Apache Pioneer shale nor younger than the Middle 
Cambrian Troy quartzite have, been found in the alluvium. This 
alluvium varies greatly in thickness. In places it forms a 
thin veneer, whereas in a well near the Stove-Lid mine It has 
a thickness of 15 feet.

The second type of unconsolidated alluvium In the Canada 
del Oro area is well exposed on a mine road in the vicinity of 
the Lead Reef mine, south and about 800 feet above the Stove- 
lid mine. This type appears to consist exclusively of angular 
blocks and fragments of Troy quartzite, ranging from a few 
inches to a foot in diameter, in a matrix of brown coarse sand. 
There is no;sorting or stratification in the sand and the blocks 
lie haphazardly within the sand matrix, giving the formation an 
appearance of being a talus deposit.

Igneous Rocks:
1. Precambrian (?)

Basalt (?): At one place near the center of the area
studied is a small exposure of an amygdaloidal, black rock that 
resembles basalt. The outcrop,which measures less than 100 feet 
along the strike and is less than 3 feet thick, lies between the 
Precambrian Dripping Spring quartzite and the Middle Cambrian
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Troy quartzite, the Mescal limestone being absent•

The rock is grayish black on fresh surfaces and weathers 
to a moderate yellowish brown, slightly amygdaloidal on the 
surface. The rock feels unusually heavy.

The rock as seen in thin section appears to have the follow
ing minerals:

Size in Percent of
Minerals Millimeters Rock Volume

Greenish brown aphanitic ground-
mass showing flow banding — 75
Orthoclase 0.03 (Average) 12
Laboradorlte 0.015 (Average) 5
Quartz grains 0.1 - 0.4 5
Kaolin 0.03 - 0.05 3

er. M. N. Short has suggested to the author that this rock 
be called a trachyte because of the trachytic texture and min
eral composition. Possibly the name orthoclase basalt would be? 
appropriate for this rock.

The basalt (?) of the Canada del Oro area corresponds both 
in stratigraphic position and in general character to that de
scribed by Galbraith (1935, pp. 35-37) and by Harshman (1939, 
pp. 55-56) in central Arizona. It is dated as of Precambrian 
age for it lies directly over the Mescal limestone, and boulders 
of it are found in the base of the overlying Middle Cambrian 
Troy quartzite. The boulders of basalt would seem to indicate 
a hiatus between the basalt flow and deposition of the Troy 
quartzite, A fairly sharp contact between the basalt and under
lying Mescal limestone may indicate only a relatively short



interval of time passed between the end of the deposition of 
the limestone and the extrusion of the basalt.

In the Canada del Oro district the basalt (?) and the 
Troy quartzite are in fault contact with silicified gouge that 
separates the two formations.

Diabase: The diabase sills and dikes within the area
studied crop out in more or less parallel, irregular, and 
interrupted bands, striking northwest-southeast the entire 
length of the area. They intrude the Pioneer shale. Dripping 
Spring quartzite, and Mescal limestone. Nowhere within the 
area do they cut the Barnes conglomerate or the Cambrian Troy 
quartzite.

A fresh surface of the diabase exhibits an ophltic 
structure of black hornblende laths and light feldspar laths 
in a grayish olive green groundmass. Weathering accentuates 
the white feldspar laths and may or may not change the color 
of the groundmass to maroon, depending presumably upon the 
type of country rock the igneous body intrudes. The diabase 
Intruding the Mescal limestone weathers to a relatively dark 
olive green, whereas that intruding the Pioneer shale and 
Dripping Spring quartzite weathers to varying shades of maroon. 
This color differentiation is believed by the writer to be due 
to relative loss or retention of iron in the diabase while it 
was intruding either the chemically active limestone or the
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relatively inert quartzites.

The diabase as seen in thin section appears to have the 
following mineral composition: Size in Percent of

Minerals Millimeters Rock Volume
Brownish green blades
of Hornblende 2-3 long by 0.4-0.5 wide 50

Oligoclase 1-3 long by 0.2-0.3 wide 10
Andesine 1-3 long by 0 .2-0 .3 wide 10
Calcite 0.6 15
Pyrite (euhedral) 0.15 across faces 10
Kaolin (anhearal) 5

The rock has a diabasic texture with a haphazard orienta
tion of the hornblende and plagioclase feldspar blades. In 
reality the rock is a hornblende diorite and not a gabbro or 
basalt with similar composition of diabase. The term "Diabase" 
is used to describe any basic intrusion with ophitic texture * 
Andrew Shride (1951) states that the diabases in the G-ila River 
district of central Arizona may have an extremely variable com
position. Within a radius of 50 miles It may change from a 
diorltlc composition containing pink albite grains in a dark 
green groundmass to a black basic andesine-laboradorite rock 
resembling basalt.

The age of the diabase in the Canada del Oro is not known. 
Although there are no exposures within the area snowing the 
intrusion of diabase into the Troy quartzite, the diabase is 
believed to be much younger than Cambrian. In the Superior 
district of eastern Arizona Harshman (1939, P» 65) has described 
the age or the diabase as post-Carboniferous. Short (1926, 
p. 8) describes the age of the diabase at Superior, Arizona 
as post-Cambrian because It has intruded a block of Middle



Cambrian Troy quartzite there. Ransome (1919» P» 53) dates 
the intrusion of diabase as post-Carboniferous.
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Andesite porphyry: Two large andesite prophyry dikes
are located within the Canada del Oro area. The rock has a 
medium bluish gray groundmass in which, are scattered light 
yellowish gray phenocrysts of feldspars and a much smaller 
number of dark green, lath-like hornblende grains. The rock 
weathers to a dark yellowish brown locally slightly spotted 
by grayish orange, weathered feldspars.

Andesite porphyry as seen in thin section appears to have 
the following mineral composition:

Minerals
Size in Millimeters

Percent of 
Rock Volume

Aphanitlc groundmass - - 60 
Orthoclase grains (euhedral
to subhedral) 2.46 long and 1.23 wide 10 

Albite 1.30 long and 0.82 wide 4 
Oligioclase (subhedral) 0.50 long and 0.20 wide 4 
Andesine (anhedral) 0.96 long and 0.82 wide 5 
Sericite (plates) 1 .09 (diameter) 5 
Pyrlte 0.08 across faces 5 
Hornblende 0.96 long and 0.61 wide 4 
Blotite (flakes) 0.08 (diameter) 3

Two dikes of andesite porphyry that are very similar are 
found on the northeastern and southwestern borders of the 
Canada del Oro area. The northeastern andesite porphyry dike 
is the larger of the two with an estimated thickness of about 
4000 feet. It forms a ridge the crest of which is 6000 feet 
above sea level or 2000 feet above the canyon floor. The 
andesite porphyry dike located on the southwestern border of



the area is much smaller, measuring 507, feet in thickness.
Both of these dikes occur in major fault zones described in 
the chapter “Structure11 and are found on the hanging wall 
side of the faults.

. The northeastern andesite porphyry dike has been meta
morphosed east of the Northeastern Fault (Plate I) resulting 
in the formation of a medium bluish gray highly siliceous 
schistose rock. No metamorphic effect has been observed on 
the rock texture of the southeastern andesite porphyry dike 
(Plate I). Both dikes weather to smooth rounded hills.

With the exception of several small dikes located on 
cross faults, that is, those striking in a northeast-south- 
west direction, no other occurrences of andesite porphyry 
were noticed. The dating of the intrusions is somewhat un
certain but the writer believes they were clearly post 
faulting which may have been as late as Pliocene age, or 
earlier, referred to In the chapter "Structure."

Quartz monzonite porphyry; Two dikes of quartz monzonite 
porphyry occur within the area, one near the Stove-Lid mine and 
the other near the Birthday mine.

The Stove-Lid dike is a mottled greenish gray color on a 
fresh surface and exhibits many large pink and white feldspar 
grains. The rock weathers to a moderate yellowish brown.
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The Stove-Lid quartz monzonite porphyry appears in thin 
section to contain the following mineral composition:

Size in Percent of
Minerals Millimeters Rock Volume

Ground mass (aphanitic, sericitized) - - 25
Orthoclase (euhedral to subhedral) 2.00 long to 0.89 wide 18 
Oligoclase (euhedral to subhedral) 0.31 long to 0.12 wide 18 
Quartz grains (euhedral) 2.48 long to 1.64 wide 15
Andesite (subhedral) 0.39 to 0.16 9
Fyrite (cubes) 0.44 across faces 9
Biotite (plates) 0.70 diameter 3
Sericlte (plates) 0.30 diameter 3

27

The Birthday dike of quartz monzonite porphyry/ is of 
essentially the same composition as the Stove-Lid dike and is 
similar in appearance. The Birthday dike has a tendency to 
be slightly more pyritic than the Stove-Lid dike.

The two dikes are fairly close to each other but striking 
90 degrees apart. Their intrusion has apparently been control
led by minor faults that lie parallel and normal to the main 
fault system described in the chapter "Structure."

The writer believes the age of the intrusion of the
quartz monzonite porphyry to be later than the intrusion of
the andesite porphyry because of the apparent structure control
by faults which clearly came later than the major faults of the
area. A 1000-foot displacement in the Stove-Lid dike may seem
to indicate that movement of the ground may still have been
prevailing at the time of the quartz monzonite- porphyry intrusion.
Ettlinger (1928, p. 63) describes the age of intrusions of mon- 

•" ; - • 
zonite and quartz diorite in central Arizon a as.Early -Tertiary.
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This may be related to the andesite porphyry and quartz: 
monzonite porphyry dikes in the Canada del Oro region*

Rhyolite: Two rhyolite dikes are found in the vicinity
of the southwestern andesite porphyry dike. The rock is a light 
gray color on fresh surfaces exhibiting small, clear quartz 
phenocrysts in the dense groundmass. The rock weathers from 
a very light gray to white color.

The rock in thin section appears to have the following
mineral composition:

Size in Percent of
Minerals Millimeters Rock Volume

Groundmass (aphanltic) mm 85Quartz phenocrysts 
(euhedral and subhedral) 2.15 long and 0.8 wide 9

Orthoclase (euhedral) 1.14 long 3Andesine (euhedral); 1.35 long 3
Very little alteration of the rock was exhibited in the prepared 
section*

The rhyolite dike system is approximately 4000 feet long, 
each dike being about 45 to 50 feet wide. The system strikes 
in a northwest-southeast direction. Where the rhyolite dikes 
have been faulted, the displacement appears to be only a few 
feet, usually undetectable from hill-top observation.

The age of the rhyolite intrusion is clearly younger than 
the andesite porphyry which it intrudes, but its age relation 
to the quartz monzonite porphyry is not known. The writer,
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Judging from the relative amounts or fault displacement of 
the quartz monzonite porphyry and that of the rhyolite, be
lieves the rhyolite is the younger of the two intrusives.
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CHAPTER IV 

Structure

Foliation:

Little schistoslty has been developed in the formation 
of the Apache group within the area under study. That which 
has been noted has been caused by local faulting and in no 
way can it be correlated into a regional pattern. About 2000 
feet to the northeast of the mapped area is a region of highly 
metamorphosed Pioneer shale that is very schistose and has a 
smooth talcy feel. In this unmapped region the shale is so 
crumpled and folded that no regional pattern of schistoslty 
could be worked out.

Directly northwest of the mapped area is an outcrop of 
schistose rocks which appears to be metamorphosed Dripping 
Spring quartzite because of its pale red to dark reddish brown 
color. Also within this unmapped area slightly metamorphosed 
quartzite is observed in small areas surrounded by more in
tensely metamorphosed rock, the former having a nearly similar 
appearance to the Dripping Spring quartzite found throughout 
the Canada del Oro district".

The shaly member of the Cambrian Troy quartzite often 
exhibits a sericitic platy cleavage or schistoslty which appears
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to be parallel to the bedding planes of members above and 
below the shale. This is clearly exhibited in the vicinity 
of the Birthday mine and in the southeastern part of the 
mapped area at Hill 4568. The sericitic schistosity of the 
mudstone member may be due to compaction while deeply buried 
under thick beds of younger sediments now eroded away, or it 
may have been caused by movement within the incompetent member 
during periods of thrusting. It is possible that both factors 
may have contributed to the development of the schistosity.

Folding:

Folding in the Canada del Oro area consists principally 
of very broad flextures in which the change of dip is less than 
10 degrees in a distance of a mile. An anticline of this ampli
tude is exposed in Dodge wash east of the Stove-Lid mine. The 
arching of this anticline is best seen from a hilltop about a 
mile to the south. The small but regular changes in dip and 
strike of the Troy quartzite in the east and southeastern parts 
of the mapped area indicate that this formation has been slight
ly folded into very gentle anticlines and synclines, although 
the arching of the folds cannot be directly observed. Because 
of the highly competent nature of the quartzites which make up 
the greater portion of the stratigraphic column, intense fold
ing of these formations .would hardly be expected. However, 
several examples of. intense folding on a small scale occur in 
the quartzites bordering faults on a road between the Stove-Lid



and the Lead Reef mine. Similar folds are also found in the 
upper workings of the Stove-Lid mine.

An area of Pioneer shale less than a mile north and east 
of the boundary of the area exhibits intense folding. The shale 
has been metamorphosed, and the intensity of metamorphism appears 
to be directly related to the intensity of folding1.

Faulting:

The Santa Catalina mountains are characterized by large 
scale and intricate faulting. This is especially prevalent 
on the northern slope of the mountains oh which the Canada del 
Oro district is located. One of the largest faults of this 
region, the Mogul fault, passes within three miles of the 
northeast corner of the area under study, striking N 75 W 
with an average dip of 62° to the SW, The structure is a 
steep normal fault with a displacement estimated by Bromfield 
(1950) and Ludden (1950) of at least 5200 feet.

Another fault, which strikes at approximately right 
angles to the Mogul fault, lies about 4- miles northwest of the 
area. It has been suggested by B. S, Butler (1951) that this 
fault may be responsible for the sheer cliffs on the western 
edge of the Santa Catalina mountains and also may be Indirectly 
responsible for the approximately 100 degree change in course 
of the main stream draining the Canada del Oro area. A third 
large fault occurs about three miles south of the area. This
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fault has an E - W strike and is believed to pass through 
Oharlean Gap which divides Samaniego Ridge into two parts.

The northeast and southwest boundaries of the area 
under study are delineated by major faults. The fault along;. - 
the northeastern boundary strikes about N 10 W with dips 
ranging from 90° to 58° to the west. This appears to be the 
largest fault within the area; it has a displacement of at 
least 3300 feet, and places PreCambrian Oracle granite adjacent 
to Middle Cambrian Troy quartzite. It is classified as a steep 
normal fault which becomes vertical in the northern part of the 
area. As the dip steepens the strike swings to a more norther
ly direction. About half a mile north of the northeastern 
corner of the area the dip of the fault decreases to about 60 
degrees southwest. The strike returns to N 10 W and this 
trend continues for about two and a half miles at which point 
it joins the Mogul fault'.

About 1200 feet west of the Northeastern fault and parallel 
to it, is another large fault"which appears to be a reverse 
fault hinged in the northeastern part of the area. Dips along 
this fault vary from 75 to 90 degrees west. The maximum dis
placement is not known, but is probably less than 100 feet, 
which is the estimated thickness of the Mescal limestone that 
has been faulted out0

The fault which marks the southwestern boundary of the 
area is a large persistant reverse fault striking N 47° Vf with
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a dip of 55° to the northeast. The displacement on this 
fault is estimated to be at least 1200 feet, as it places 
Dripping Spring quartzite adjacent to the lowest beds of 
pioneer shale observed within the area'.

Between the roughly parallel Northeastern and South
western faults and at right angles to them is a complex 
system of faults with dips close to 90° (Plate I). This 
interesting pattern of faulting may be explained in three 
ways: first, as a result of the normal stress pattern pro
duced by horizontal compressional forces as illustrated by 
Figures 2 and 3, pagei. 54A ; second, as a result of tear 
faulting during thrusting; and third, as a result of movement 
of blocks normal to the hinged fault'.

It is the writer* s belief that the sediments within the 
Canada del Oro area have been thrust into their present 
position. The cause of this movement is unknown, but the 
direction of the overriding block appears to have been from 
the north. The basis for this conclusion rests on the shape 
of the block, which thins to the southeast (Figure 3» page 34a) > 
the northeasterly dip of most of the beds in the mapped area, 
and the schistosity of the metamorphosed sediments between 
the Southwestern fault and Samaniego Ridge. These metamorphosed 
sediments are normal to the proposed direction of resultant 
movement (Figure 2, page §4A) • Moreover, the rocks of the Apache 
group east of the mapped area, that is, in the vicinity of the
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Figure 2 Diagram of a force couple
showing position normally taken by 
tension fissures, thrust blocks and 
folding. The arrows show the direction 
in which the force acts.

Figure 3. The diagram above (Fig. 2) 
superimposed on a sketch of the area 
under study. With the exception of 
folding, notice how closely the theo
retical faults of figure 2 and the 
actual faults of the area coinside.
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Mogul fault, exhibit some very different lithologic character
istics.

The Mescal limestone, so prominent in the Canada del Oro 
area, is entirely missing in the Peppersauce Canyon (Ludden,R.W., 
1950) and Campo Bonito areas (Bromfield, C. S., 1950), and it 
is not unlikely that the Apache rocks of the two areas were de
posited in different Precambrian basins.

Another interpretation of the missing Mescal limestone 
might be that of a local pre Troy erosional period, eroding 
the Mescal formation. This may account for the "unnamed" sand
stone (Ludden, R. W., 1950) deposition which occupies the same 
stratigraphic position as the missing limestone formation. 
Further evidence to substantiate a local pre Troy erosional 
period is lacking at the present writing.

If the Canada del Oro sediments were thrust into the area 
from the northeast, it is quite probable that the force causing 
the thrust movement and an opposing force caused by the rigidity 
of the Samaniego Ridge acted as a couple (Figure 2, page 34A). 
Fractures, parallel to the direction of force, will be developed 
as shown,in the diagram. Likewise anticlines, synclines, and 
thrust faulting will take place normal to the direction of the 
force. If this diagram is superimposed on a sketch of the fault 
system within the area, a close similarity may be noticed 
(Figure 3, page 34A ) between the theoretical results of a 
couple and the fault pattern within the area. It will be



noticed that the high angle or vertical faults parallel to the 
force direction in the theoretical diagram (Figure 2, page 34A ) 
do not extend entirely across the diagram. Likewise the faults 
similarly placed within the area are of steep angled dips to 
vertical dips and do not extend across the entire area.

The most serious objection to the use of this hypothesis 
as the only cause of the present fracture pattern may be the 
positions on the map now taken:by the various, strata. It is 
doubtful whether forces acting in a couple as described above 
may account for the variable displacements toward the southwest 
of the Troy quartzite as show in Plate I.

The second hypothesis which may account for the fault
L

block pattern is thrusting, a condition which is not rare in 
the mountainous regions of the Southwest. Examples of such 
faulting occur in the Empire mountains about 40 miles south 
of the Santa Catalina mountains and have been described in an 
unpublished manuscript by Galbraith (1951)• In the Canada del 
Oro area (Plate I) it appears that the Middle Cambrian Troy- 
quartzite has been thrust over the Precambrian Mescal limestone 
and Dripping Spring quartzite, some blocks being thrust much 
farther to the southwest than others. In this hypothesis the 
forces used to produce movement of blocks do not act as a couple 
as in Figure 2, page 54A, but act as directly opposing forces. 
The incompetent Mescal limestone produced bedding plane faults 
which were used as gliding planes by the more competent Troy
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quartzite during thrusting. This type of thrusting would 
account for the uneven lateral distribution, of the Troy quartz
ite in the area.

The greatest objection to -the use of this hypothesis may 
be found in the placement of the blocks of Mescal limestone 
and Troy quartzite in the northwestern part of the area (Plate I). 
Here repetition of the two formations may be observed dipping 
to the north. This would imply thrust faulting from the north 
as well as from the northeast. This is entirely possible. How
ever, from field reconnaissance extended several miles north of 
the area under study, the writer believes that evidence seems 
to point to thrusting only from the northeast.

A third hypothesis to explain the fault block pattern in 
the Canada del Oro area may be best explained by hinge fault
ing after initial emplacement of the beds by thrusting. Con
sider the fault 1200 feet west of the Northeastern fault as 
the axis about which the several blocks rotated (Plate I). It 
will be noted that the blocks with the lowest angle of dip 
extend farthest west. Throughout the entire length of the fault, 
where mapped, it appears that the westward position of the block 
is inversely proportional to the angle of dip (Plate I). The 
motion of these various blocks may be likened to the pedals on 
an old fashioned pipe organ.

In the extreme north central part of the area, although 
the block rotated downward normal to the Hinge-line fault.



there was additional rotation of the block about an axis at 
right angles to the Hinge-line fault, thus exposing an 
exceptionally thick section of Mescal limestone. This 
double rotational movement of blocks is also present in the 
central eastern part of the area between the Hinge-line fault 
and the Northeastern fault• Further minor examples have been 
noted in the extreme southern section of the area under study.

Not all of the minor faults in the area fall into the 
patterns just described. This is particularly noticeable along 
the western boundary of the area where the Barnes conglomerate 
crops out. Here the effects of hinge faulting are not clearly 
shown. The displacement of the conglomerate bed due to fault
ing is small, especially in the central part of the area where 
the hinge faulting as shown by the outcrop of Troy quartzite 
appears to be greatest. Plate I also indicates that the east- 
west faults shown traversing the Troy quartzite do not corre
spond to the east-west faults within the Pioneer shale and 
Barnes conglomerate•

In conclusion, it appears that the present positions of 
the various blocks within the area may be attributed to a 
combination of regional thrust faulting from the north, bring
ing the upper portion of the Pioneer shale, the Barnes con
glomerate, a major portion of the Dripping Spring quartzite, 
a variable thickness of Mescal limestone, and an unknown thick
ness of Middle Cambrian Troy quartzite against an abutment of 
the Samaniego granite to the south. This was followed by a
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later local thrusting involving the thrusting of the Troy 
quartzite over the Mescal limestone. Finally a vertical 
rotation of various blocks took place about a hinge line, fol
lowed by subsequent erosion of the entire area.

Age of Faulting:

The precise age of the faulting is not known, but is 
probably as late as Tertiary. The age of the Mogul fault 
has been dated by Bromfield (1950) and Ludden (1950) as 
Pliocene. It follows that these faults within the area are 
related to the Mogul fault but presumably at a later date.
It has been suggested by Stoyanow (1951) that the age of the 
faulting may be dated as Miocene, as most of the block 
faulting and thrusting in Arizona occurred during that time.
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CHAPTER V

Economic Geology

History of Mining in Canada del Oro:
One of the earliest explorers of the Canada del Oro was

one Isaac Goldberg (1894), alias "Loma de Oro," who in September,
1869, "heard through an escaped captive...a person who had been 
in infancy carried off by the marauding Apaches, but tired of 
his unusual associations...came from the Santa Catalina Mountains, 
and reported that upon the very summit of the Canada del Oro was 
gold in abundance."

Goldberg continues his story..."I hastily organized a 
company of explorers and prospectors.consisting of P.W.Dooner, 
General Sigel, Jack Shubling and eight Mexicans...all good 
citizens. We took one burro laden with a few days provisions, 
expecting to shortly return with pocketfuls of nuggets. But on reaching our destination, we found, instead of gold pieces, 
large 'chunks' of ising-glass..."

It took the party eight days to get to the head of the
canyon and back to the "ancient presidio...and sometimes 
deserted city with buildings mostly in ruins..." (Tucson).
He speaks of "almost incredible hardships (which) hindered and 
encumbered our progress...narrow, steep tracts between dreadful 
abysses, exhausting tracts of rocky sterility, and patches of 
'brush' so thick and thorny that our wearied bodies lost their 
coverings, and our blistered feet their leather protectors. We 
were nearly naked, barefoot, and on the very brink of starvation. .."

P. W. Dooner (Weekly Arizonan. Sent. 25, 1869), one of the 
party, was at that time editor of the Weekly Arizonan. In his 
issue on September 25, 1869, he apologized to the readers for 
not publishing his paper for two weeks as he was lost in the 
Canada del Oro. His story of the expedition differed somewhat
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from Goldberg’s account, yet they both agreed that they had
discovered a mine. As Goldberg describes it, "the rock from 
which assayed richly, but the contents yet remain undisturbed, 
owing to its uncommon Inaccessibility. We had, however, at
tained the distinction of being the first explorers of the 
terrible precipitous heights known as the Santa Catalina 
mountains..."

It was fifteen years later that Isaac Goldberg ventured 
forth into the Canada del Oro again to search for the mine he 
had discovered. In his search he encountered Apache Indians 
and thereupon gave up the expedition and left the Arizona 
Territory. From Goldberg’s description of the inhuman cruel
ties and hideous deaths suffered by the captives of the Apaches, 
it can easily be seen why prospectors did not venture alone 
into the Canada del Oro district until late in the 19th century. 
The Arizona Weekly (1900, Sept. 4) mentions that prospectors 
banded together in groups of 20 to 30 men and panned gold along 
the banks of the lower Canada del Oro in the 1870’s.

The first mine to be located within the area under study 
was named the Bonanza Mine whose adit was started April 5, 1880, 
by Frank Schultz, P. V. Watson, and B. C. Parker. The location 
of this mine was recorded in the Pinal County Book of Deeds on 
page 526 in March 28, 1882, after the area had been surveyed by 
the United States Department of Mineral Survey.

Below is a copy of the surveyor's field notes given to the 
writer by an employee of the Stove-Lid mine. In part it reads:

"I proceeded to the Canon del Oro and after careful and 
thorough examination of the mineral belt crossed by Seled Canon
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(a location unknown to the writer) on July 2, 1880, I selected 
a high prominent hill situated on easterly of the aforsaid
canyon - about miles above the old placers-- heavily
capped white quartz and centrally located in the mineral belt 
as the most suitable location an initial point, and.erected there 
a standard which shall be known at 'Mt. Ivenah' U. S. M. M.
(The name of this hill has been discarded although the mineral 
monument is present) described as follows (:)

"Set a white oak post 6* (feet) high (and) 7" (inches) 
diameter hewed square and marked on N. side U.S.M.M; on E. side 
Mt. Ivanah in mound of white quartz rock 4‘ (feet) by 4* (feet) 
at base and 4% (feet) high from which following bearings were taken (:)

"Magnetic variation 13° 7* E
1. Highest point of Mt. (mountain) visible on easterly side 

of aforesaid canon (canyon) bears S 43° E.
2. Highest point of Mt. (mountain) bears S 88° E.

(3 to 5 missing.)
6. Main course of Canada del Oro N 51° W.
7. 1st highest point of mt. (mountain) on lower W. side of 

Canada del Oro bears N 77° W.
8. 2nd highest point on W side bears S 75° W.

(9 missing.)10. Ledge of white rock on farthest point on Mt. (mountain) 
up'Canada del Oro bears S 25° E.

11. Center of entrance of Bonanza tunnel bears S 85° W (at)
distance (of) 715i‘ (feet) --  Length of tunnel 111 feet*

(Signed) L. D. Chillson
U. S. Det. M (Mineral) Sen. (Survey) 

notes from Ong Joe..." (Unquote)

By 1900 (Arizona Weekly. 1900, Sept. 4) there were many 
small mines located on. the northern side of the Santa Catalina 
mountains. The actual Canada del Oro district was somewhat 
vaguely defined, comprising such areas that are now known as 
Peppersauce Canyon, Marble Peak, Copper Peak, and Mount Rice. 
Among the operating mines were the Congdon group operated by 
Sullivan and Oden, the Stratton group of E. 0. Stratton, the 
Apache group of R. N. Leatherwood, and the Copper Peak mine 
operated by M. Geesman (later operated by Grand Central company,
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then by Cong&on Company, and finally by the Phelps Dodge Copper 
Corporation).

The writer had the pleasure of talking to Mrs. Edith Stratton 
Kitt, daughter of Emerson 0. Stratton, a pioneer miner who lo
cated the Stratton claims in 1879• Mrs. Kitt tells of Indian 
troubles, wars between ranchers, and claim Jumpings, much of 
which she recorded in a memoir of her father (Kitt, 1925)•

In 1925 (Tucson Citizen. 1925, Aug. 16) W. L. Cochrane, 
a local mine promoter and "expert placer miner" interested a 
group of Kansas City businessmen in promoting a large scale 
hydralic placer mining scheme in the lower Canada del 0ro„
Cochrane claimed he could pan 30 cents worth of gold per cubic 
yard from the river bed and planned to option 3,300 acres. He 
estimated that the proposed placer mine would mine 5000 cubic 
ya rds or earth per day and that the lifetime of the mine 
would be over 500 years*

From a newspaper clipping two years later (Tucson Citizen. 
1927, Aug. 4) the project was still hanging fire. Will. M. Neal 
of San Francisco evidently had bought up the options, and the 
Kansas City group, including Mr. Cochrane, were "no longer 
Interested." The project must have been given up later as the 
writer has never encountered any appreciable water development 
constructions throughout the course of the Canada del Oro.
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Ore Deposits:

(a) General Statement: Within the area under study of the
Canada del Oro, the minerals of economic importance are lead, 
zinc, copper, and minor amounts of silvex-o In spite of the 
name "Ravine of Gold" no gold has been found within this area, 
either in underground mining or in placers for at least 25 years. 
All economic mineralization is either in shear zones in the 
Precambrian Mescal limestone or in quartz monzonite porphyry 
intrusions,

(b) Classification of Mineral Deposits:
(1) Hypogene deposits: The hypogene mineral deposits

of the area may be classified as epithermal deposits after 
Emmons (1940, pp. 68-74). They are in or near intrusive rocks 
consolidated at shallow depths. The introduction of the ore 
minerals took place during Miocene or later time and the rocks 
have not been deeply eroded since the ores were deposited. The 
ores are as chutes in irregular veins. All deposits discovered 
and worked to date have been small. Characteristic epithermal 
mineralization included simple sulphides such as pyrite, sphalerite, 
galena, and chalcopyrite, with gangue minerals such as quartz, 
calcite, and minor amounts of barite. The country rock near the 
deposits in many places is extensively altered hydrothermally, 
but no intensive alteration zone has been observed, and the ore 
is generally deposited in or near fracturese

(2) Supergene deposits: The supergene deposits of the



area may be divided into two classes: those enriched by sub
traction of valueless material, and those enriched by precipi
tation of metals. The first class of supergene enrichment will 
be discussed under the section on the mineralization of the 
Stove-Lid mine. The ores of the second class of supergene en
richment are oxide and carbonate ores of copper such as cuprite 
(CugO), malachite (CuCO;5.Cu(OH)2) and azurite (SCuO^.OufOHjg) 
found in the vicinity of the Lead Reef mine*

(3) The Stove-Lid mine:
(a) General Statement: The Stove-Lid mine (Plate II)

is located in the extreme north central part of the area and is 
owned and operated by Mr. Robert A. Burney, The underground 
workings of the mine are located in a fault.zone between the 
northern edge of an abnormally thick block of Mescal limestone 
that forms the hanging wall of the fault, and highly altered 
Cambrian Troy quartzite which composes the footwall*

(b) Mineralization: The ore metals of the mine are
lead, zinc, and silver (Figure 4). Lead is derived from hypo- 
gene galena (PbS) and supergene cerussite (PbCO^). The galena 
occurs in irregular veins and in rich pockets near the fault 
between the Mescal limestone and.-the altered Troy quartzite.
The pockets of ore occur predominantly in the limestone although 
a few irregular deposits have been found in the quartzite close 
to the fault zone. The galena is generally of the micro-crystal
line type although in the northeastern end of the stope level
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(Plate II) aggregates of cubic crystals with an average size 
of 3.5 millimeters are exposed.

Supergene cerussite is the only economic ore mineral 
found in the lower level (Plate II) of the mine. It appears 
as a reddish brown to black earthy deposit within the fault 
zone and is characterized by its high specific gravity and 
effervescence in dilute nitric acid. The cerussite has been 
produced by the action of carbonate waters upon the primary 
galena'.

Sphalerite (ZnS) is the economic mineral next in abundance 
to cerussite. It appears as a greenish brown mineral with 
resinous luster that streaks a light greenish brown. It is 
usually intermixed with galena (Figure 4) but in places occurs 
as isolated veins in this mine. To date it has not been found 
in the lower level of the mine, probably due to the leaching 
effect of carbonate waters prevalent in the mine area. The 
carbonate waters would tend to take the zinc into solution as 
a carbonate and carry it away to be deposited elsewhere, possibly 
at greater depth.

Silver occurs in the galena, presumably in solid solution, 
as no evidence of the presence of silver minerals could be de
tected in polished section (Figure 4). Statistical data con
cerning percentages of silver are unavailable at the present 
-writing, but are reported to vary in inverse ratio to the grain 
size of the galena, the higher silver content occurring in the
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micro-crystalline material. Silver is unknown in the ceruasite 
or sphalerite.

No other economic minerals have been found in the mine.
The gangue minerals are calcite, barite, pyrite, and limonite.

(c) Paragenesis: The order of deposition of the various
minerals from a study of several polished sections (Figure 4) 
indicated that calcite was the first mineral to be deposited 
and was in part replaced by galena. Sphalerite replaces both 
calcite and galena. All three of the aforementioned minerals 
are replaced by pyrite. Quartz was the last mineral to be 
deposited (Figure 4).

(d) Structure: The structure controlling the deposition
of the ore is a large reverse fault zone striking HE — SW, and 
dipping from 45 to 55 degrees SE (Plate II). This faulting 
prepared the ground for later intrusions of mineralizing solu
tions. No single fault has been traced from the tunnel level 
to the bottom level, but several faults of similar strike and 
dip are observed on all three levels. The vertical displacement 
of any of the faults in this zone is unknown. By close inspec
tion of the gouge and slickensides in the drifts of the tunnel 
level and the hangingwall in the stope it appears that the 
latest movement along the faults was a strike slip movement of 
unknown displacement. The reverse faulting was followed by 
normal faulting. On the footwall side of the drift near the 
tunnel level station of the inclined shaft, several blocks
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Figure 4
Metallographic microscopic view of polished 
section of Stove-Lid ore (tunnel level). It 
may be construed from the illustration above 
that the calcite (cal) was in part replaced 
by galena (gn) which in turn was partially re
placed by sphalerite (si) with a late intro
duction of pyrite (py) and lastly, by quartz 
(qtz).
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exhibit normal faults with displacements of from 5 to 10 feet•

A structurally complex area in the mine occurs at the 
northeastern end of the bottom level. The ground is highly 
shattered and gougy, and the fault pattern and fault movements 
are not clear. The expression of this complex area is not 
shown in the stope level above•

(©) Mining Method Used in the Stove-Lid Mine:
Because of the relatively strong hanging wall and the high 
angle dip of the ore bearing veins, an underhand stoplng 
method such as is described by Young (1923, p. 497) is usede 
In this method a winze is sunk from one drift level to the 
next lower drift level. Stoplng then commences on the top 
level, the ore is passed down the winze and drawn off at the 
bottom and hoisted to the surface. Mr. Burney, the owner- 
operator of the mine, found this method to be advantageous 
because of the control of ore breakage possible, and because 
of the low timber costs, as very little timber is needed to 
support the strong hanging wall.

(f) Future Outlook of the Mine: Although statistics
concerning the production of the mine or the assays of the 
longholes (Plate II) are not available for publication at the 
present writing, it is the writer's personal opinion that ore 
production from the mine can be increased and that further ex
ploration and development to the southwest and especially at 
greater depths is warranted.
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PHOTO MICROGRAPH #1

Texture of Pioneer shale. The white angular and 
often tabular grains are quartz. Close Inspection 
will show dark vein-like material extending across 
the view from right to left. This is a dark fer
ruginous cement and appears as thin laminae to the 
unaided eye. Plain light. X 25.

PHOTO MICROGRAPH #2

Texture of Dripping Spring quartzite. The light 
gray clear white grains are quartz. The gray 
masses are fresh feldspars, weathered feldspars, 
and kaolin, often the grains being cemented by 
an iron stained siliceous cement. Plain light. 
X 50.

£19146
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PHOTO MICROGRAPH #3

Texture of Middle Cambrian Troy quartzite* The 
micro-photograph shows many large quartz grains 
which appear in the photograph as various shades 
of gray. Feldspars are rare and ferruginous 
cement is not common. Crossed nicols X 50.
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PHOTO MICROGRAPH #4

Trachytic Texture of Precambrian basaltf?). The 
plagioclase feldspars and quartz (both appear as 
white grains) are oriented with the flow structure. 
The clear white rounded spots are small amygdaloids. 
Plain light. X 50.

PHOTO MICROGRAPH # 5

Quartz monzonite porphyry, showing large orthoclase 
phenocryst on left center of view exhibiting Carlsbad 
twinning. The cubic grains, center and lower left 
are pyrite grains. Quartz grains appear as white or 
black grains» Crossed nicols. X 25 .
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PHOTO PLATE 1

Contact zone between PreCambrian Mescal limestone 
(above) and intrusive diabase sill (below).
Notice that the contact between the two forma
tions is very sharp, the leather handle of the 
prospector's pick (left center) is at the contact 
zone, the metal head of the pick resting on un
metamorphosed limestone and the end of the handle 
lies over unmetamorphosed diabase.

Shaly member of the Cambrian Troy quartzite show
ing flssility of rock. Drag folding has occurred 
bordering a small fault (left center). Notice 
the hanging wall block has an apparent shallower 
dip than the footwall block.
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PHOTO PLATE 2

1. Overhanging cliff near Stove-Lid mine in the 
Canada del Oro. The lighter colored rocks (left) 
are Precambrian Dripping Spring quartzite and 
are separated from darker-colored formation 
(right), the Cambrian Troy quartzite, by a large 
vertical fault. The author (slightly left of 
center of photo) points to the fault contact, 
and is standing on a ledge about 50 feet above 
the canyon floor. This canyon is believed to 
have been caused entirely by stream erosion as 
the recognized faults are normal to the stream 
direction.

2. View of vertical displacement within Mescal 
limestone and also of vertical fault between 
Mescal limestone and Troy quartzite (right of 
center of photo). This is an illustration of 
hinge faulting referred to on page 42.
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PHOTO PLATE 3

1. View of Stove-Lid mine and buildings. Dodge Wash 
is shown in upper right and Canada del Oro in 
extreme lower left of photo. The Stove-Lid fault 
parallels Dodge Wash and cuts directly across 
Canada del Oro. Surface expression of the fault 
is meager.

2. Canada del Oro looking south. This is an erosional 
feature and not block faulting. Granitic ridges are 
seen in the background.
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PHOTO PLATE 4

Panoramic view to the southwest of Samanlego Ridge 
(background). This is the granitic abuttment 
against which the sedimentary rocks of the Canada 
del Oro district were thrust. Mount Lemmon (ele
vation 9185 feet), the highest peak of the Santa 
Catalina mountains, is seen in the background at 
the extreme left of the photograph.
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