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ABSTRACT

The Copper Hill area contains the following rock units: (1) 

older Precambrian granite and leucogranite porphyry, (2) younger Pre- 

cambrian Apache Group, (3) pre-Middle Cambrian diabase, (4) Creta- 

ceous(?) andesite, and (5) Laramide(?) quartz monzonite-quartz diorite 

and associated aplite.

There is possible economic mineralization in this area. P ri

mary mineralization of chalcopyrite and some bornite is related to the 

quartz diorite. Some chalcopyrite occurs in the diabase. Secondary 

minerals, largely in the fractured granite, consist of cuprite, mala

chite, and azurite.

The control for the primary mineralization is the favorable 

host rocks—quartz diorite and diabase. Controls for the secondary 

mineralization are clay or carbonate coated shears, or joints and rock

contacts.



Fractures in the area trend northwest and east. These form

favorable zones for later intrusion of diabase, andesite, and quartz
: •  . (  • "  -  -  - • >  i - ' ' r  *■ "  .

diorite. There are distinct joint patterns in each rock unit. Flow

structure, present in the granite adjacent to the quartz diorite contacts,

was probably produced at the time of the quartz diorite intrusion when

enough heat and pressure was present to remobilize the granite.
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INTRODUCTION

Location

The Copper Hill area located about 8 miles west-southwest of 

Winkelman, Pinal County, Arizona, on the east flank of the Tortilla 

Mountains, is bisected by Smith Wash which drains into the Gila River 

(Fig. 1). Field investigation included parts of sections 30 and 31, T.

5 S., R. 15 E ., Gila and Salt River Base and Meridian.

The area can be reached from Winkelman, Arizona, by driving 

west on a dirt road, across the San Pedro River by way of Dudleyville 

to Smith Wash, a distance of 4.8 miles; then driving southwest up Smith 

Wash for 3 miles to the northern boundary of the area of study.

Topography and Drainage

Elevation of the Copper Hill area ranges from 2, 700 to 3,200 

feet, increasing slightly toward the crest of the Tortilla Mountains to 

the west.

Drainage follows an intricate pattern of gullies. During the 

periods of heavy rain, flow from the gullies reaches Smith Wash and 

finally the Gila River to the north.



FIGURE 1

Index map of the Copper Hill area
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■ Climate and Vegetation

The climate in this portion of Pinal County is hot and dry. 

Rainfall statistics at Winkelman show for the period from 1951 to 1960, 

an average annual precipitation of 5.91 inches. The average annual 

temperature was 65. 8°F for the same period. During these same years 

there was a maximum temperature of 114°F and a minimum temperature 

of 17°F (U. S. Weather Bureau, Tucson, Arizona, July 4, 1961).

Vegetation of the Copper Hill area includes saguaro, mesquite, 

barrel cactus, prickly pear cactus, cholla, and a variety of grasses.

Purpose of Study

The purpose of this study was to determine the geological his

tory and to evaluate economic mineral possibilities in the Copper Hill 

area. The problem was to determine which rock units were most favor

able for copper mineralization, and to determine, if possible, the lo

calizing controls.

Field and Laboratory Techniques

Fieldwork was conducted from February to May 1961, with 

several additional days spent in the field to recheck details. Laboratory 

work was completed during June and July of 1961.
' ■ . . . .  \  : ■ V  U  V O  ‘ W :  - V  ' -

The laboratory work entailed the preparation of thin and polished
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sections and their examination under microscope. These sections were 

used to determine the mineralogy, alteration, and aid in the identifica

tion of the rock types. The percentages of mineral species were esti

mated.

Previous Studies

The only record of previous geological work in the Copper Hill 

area was the reconnaissance mapping of Roland J. Schwartz (1954). 

Ransome (1919) and R. B. Hargraves (1953) studied the northern Tortilla 

Mountains but did not work as far south as the area under consideration.
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REGIONAL GEOLOGIC SETTING
\ ' 1 ;' : . ... \7 • : - ' / v : " - .. -> •:

Arizona has been variously divided into physiographic provinces 

; by a number of workers. The initial subdivisions of Ransome (1904) in

cluded: The Plateau region to the northeast, the Desert region to the 

south, and the Mountain region between the two. Since this original 

work by Ransome, the physiographic terminology in Arizona has been 

variously altered with resulting confusion, particularly in the classifi

cation of central Arizona. - Heindl and Lance (1960, p. 15) have adopted 

usage of the Colorado Plateaus province "for northern Arizona, and the 

Basin and Range province for southern and western Arizona. '

The Copper Hill area, which is on the eastern flank of the ; 

Tortilla Mountains, is located in the northern part of the Basin and Range 

province as outlined by Heindl and Lance. According to Wilson and : 

Moore (1959, p. 89) the basins and ranges 1) are relatively short and 

more or less parallel, 2) consist of fault blocks which generally, though 

not invariably, have been tilted, and 3) are constituted with an internal 

structure that may be simple or complex.

There has been structural unrest in this province, particularly 

during older Precambrian, at the end of younger Precambrian, between 

Permian and Cretaceous, during Cretaceous and early Tertiary, during

5
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middle and late Tertiary, and during Quaternary times (Wilson and

Moore, 1959, p. 91). Evidence of structural disturbances, with asso-
- G" ' .  : ’ GGi.G

ciated igneous activity, is found in the Copper Hill area related to these 

periods of time, except possibly between the Permian and Cretaceous. 

Deformation at Copper Hill appears to have been less intense than in 

areas in the southern part of the Basin and Range province. Even though 

the Copper Hill area is in the Basin and Range province, its less intense

deformation is suggestive of an intermediate situation between the com

plex structures of the Basin and Range province and the more simple 

structures of the Colorado Plateaus province.

The northwest-trending Tortilla Mountains, in which the Copper 

Hill area occurs, conform to the general trend of mountain ranges in the 

Basin and Range province. They have a core of older Precambrian gran

ite, which is probably of major batholithic dimensions since it extends 

to many of the surrounding ranges. The basement rocks are generally 

covered by more recent sediments so that they have limited c lo su re .

The younger Precambrian Apache Group is exposed on the eastern flank 

of the Tortilla Mountains and is intruded by diabase dikes and sills, and 

capped by erosional remnants of the Middle Cambrian Bolsa Quartzite. 

Scattered throughout the eastern portion of these mountains are Mesozoic 

and Cenozoic intrusive rocks that have in many instances contained 

sulphide mineralization.



ROCK UNITS

Granite

Hargraves (1953, p. 5, as quoted by Schwartz, 1954, p. 33) de

scribed four types of granite in the northern Tortilla Mountains: (1) 

coarse-grained biotite granite with conspicuous feldspar phenocrysts;

(2) medium-grained, relatively equigranular biotite granite with ra re  

feldspar phenocrysts; (3) fine-grained granite with few ferromagnesian 

minerals and conspicuous quartz blebs; and (4) fine-grained, equigranular 

leucocratic granite. The bulk of the granite in the Copper Hill area most 

closely resembles the first type indicated by Hargraves—a coarse

grained biotite granite. A unit similar to his third type is less abundant 

in the area and was designated by the writer as a leucogranite porphyry.

The coarse-grained biotite granite is the oldest rock unit in the 

area of study, and is older Precambrian in age as evidenced by the depo

sition of the younger Precambrian Apache Group on the weathered gran

ite surface (Fig. 3). It is presumed to have been emplaced at the end of 

the Mazatzal revolution, as were other granites throughout southern 

Arizona. It is not known what rocks were intruded by the granite at 

Copper Hill as no remnants remain, but in other parts of Arizona, 

similar granite intruded sediments and volcanics that were metamorphosed
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into what is now called the Yavapai and Pinal Schists.

The granite has been forcibly intruded by the older Precam- 

brian leucogranite porphyry (Figs. 2 and 6)/ the Cretaceous(?) andesite, 

and the Laramide(?) quartz monzonite-quartz diorite (Fig. 5). The pre- 

Middle Cambrian diabase also intruded the granite, apparently as a very 

fluid mass, which was introduced gently into tension openings. Evidence 

for this is seen by the fact that there are no xenoliths of country rock or 

flow structure within the diabase (Fig. 4A).

The Oracle Granite, petrographically similar to the Copper Hill 

granite, which occurs about 15 miles south of this area, has been dated 

by Dr. Paul E. Damon as 1. 45 billion years old (1959, p. 18).

On fresh c lo su re , the Copper Hill granite is pink to gray, and 

weathers to a buff color. Generally, the granite forms prominent high 

points (Fig. 6), and is the most abundant rock exposed throughout this 

area (PI. 1). \

Modal composition of this granite is: quartz 35%, orthoclase 

25%, andesine (Angg^) 10%, biotite 10%, sericite 5%, opaque minerals 

(magnetite, ilmenite, and hematite) 8%, kaolin 2%, with minor amounts 

of chlorite, apatite, epidote, and carbonate. The rock is equigranular 

with grains between 2 and 5 mm in diameter. The texture is locally 

porphyritic with some very coarse phenocrysts of quartz and orthoclase 

up to 10 mm in diameter. Quartz grains are anhedral, whereas ortho

clase, andesine, and biotite are subhedral to euhedral. The quartz is
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strained, as shown by undulatory extinction, indicating stress conditions 

during or after its formation. — u v

Alteration is extensive-—the orthoclase is replaced by kaolin, 

and the andesine is altered to sericite and quartz. There are two vari

eties of biotite present: primary biotite altering to chlorite, and a sec

ondary, fresh biotite which may be hydrothermal and may have formed 

at the same time, or later, than the kaolinization and sericitization of 

the feldspars. , . : - . v ; >•. .. ■■

Magnetite is intimately associated with the biotite in the gran

ite. This is a common association in felsic coarse-grained igneous 

rocks (Mobrhouse, 1959, p. 266). ,

Leucogranite Porphyry
/ -  . ■, : ' ; '  : ’ • " - v J  -  v V ;  * ‘ ■' . o  v . i  L -  :  , ■

; : In.the northern Tortilla Mountains, Hargraves (1953, p. 5 as

quoted by Schwartz, 1954, p. 33) describes a fine-grained granite with 

few ferromagnesian minerals and conspicuous quartz blebs. This rock 

unit is probably the same as the leucogranite porphyry in the Copper 

Hill area which contains quartz and orthoclase phenocrysts.

This rock unit is probably a late differentiate phase of the 

magma which produced the granite and, therefore, is older Precambrian 

in age. Evidence for this age is tenuous since the only rock the leuco

granite porphyry intrudes is the granite (Figs. 2 and 6), The Laramide(?)
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quartz diorite, and possibly the diabase, intrude the leucogranite por

phyry, but the structural relationships of the leucogranite porphyry to 

the other rocks could not be determined in this area.

The leucogranite porphyry generally occurs as intrusive dikes 

that are more resistant to erosion than the granite and, therefore, stand 

as ridges and knobs. In the western part of the area (PI. 1), this rock 

unit forms a series of radial dikes centered around the peak of a knob. 

These dikes follow radial tension fractures that were probably produced 

by a vertical uplift from below, such as would come about by the forcible 

intrusion of the leucogranite porphyry into the granite: The leucogranite 

porphyry in some instances forms horizontal sill-like bodies.

This unit is tan to brown in color in fresh outcrop; where weath

ered, quartz phenocrysts become more prominent but the rock undergoes 

no gross color change. .

Examination of thin sections shows the rock to be composed of 

quartz 45%, orthoclase 41%,. oligoclase and albite (Ang..^) 5%, kaolin 

6%, sericite 1%, muscovite 1%, chlorite 1%, with minor zircon and 

magnetite. . : l':-' . v . - v

The dikes vary texturally depending on their width. Small dikes 

less than a foot in width are aphanitic with a mineral grain size approxi

mately 0.1 mm in diameter. Large dikes ranging up to more than 30 

feet wide contain coarse phenocrysts of quartz and orthoclase up to 10
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mm in diameter. These dikes have chilled borders which are fine 

grained and aplitic (Fig. 2).

The orthoclase and oligoclase are subhedral, whereas, the 

quartz is anhedral. There are local graphic inter growths of quartz and 

orthoclase. The plagioclase is normally zoned, with oligoclase in the 

center and albite on the rim . Perthite is present in small quantities 

where the potash-rich phase predominates over the soda-rich phase.

Alteration is moderate to strong; orthoclase is altered to kaolin, 

and oligoclase to sericite and quartz. The small amount of chlorite may 

have been formed by alteration of biotite and amphibole.

Apache Group

As originally described by Ransome (1903), the Apache Group 

includes a conformable accumulation of quartzites, arenaceous shales, 

grits, and conglomerates which are particularly well exposed along the 

western face of the Apache Mountains.

The Apache Group forms steeply dipping hogbacks (Figs. 4A 

and 4B) in the northern and eastern parts of the area of study (PI. 1), 

which are the result of Laramide folding along a northwest trend. The 

formations strike N. 20° W. and dip to the east at angles ranging from 

25° to vertical and are locally overturned 10°.

Diabase of pre-Middle Cambrian age and andesite of Cretaceous(?) 

age concordantly intrude the Apache Group as sills along a northwest



FIGURE 2

Contact between granite and leucogranite porphyry 
the western part of the area.
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trend. East-trending Laramide(?) quartz diorite dikes intrude these 

sediments at about right angles to the bedding.

The Apache Group in the Copper Hill area is comprised of the 

Scanlan Conglomerate, Pioneer Shale, Barnes Conglomerate, and the 

Dripping Spring Quartzite. These re st on the weathered erosion surface 

of the older Precambrian granite and are considered to be younger P re- 

cambrian in age (Lance, 1959, p. 14).

In the upper 15 feet of the granite just below the Scanlan Con

glomerate there is what appears to be a regolithic zone. Banding may 

be observed locally, and the material is noticeably weathered. The 

potash feldspar of this zone is red, while the material as a whole has a 

greenish tinge. The granite on fresh exposure is pink to gray and weath

ers to a buff color. The question arises as to what to call this regolithic 

material. Is it reconstituted granite (Pettajohn, 1957, p. 325), or is it 

arkose? It should be called arkose only if it can be demonstrated that 

the individual mineral grains have been transported, or rotated in their 

present position. If there has been no movement of the particles, it 

should be called reconstituted granite. Within the regolith, probably 

both phases occur.

The Scanlan Conglomerate which forms the basal unit is up to 

one foot thick. It is  reddish brown in color, well consolidated, and con

tains rounded quartzite and vein quartz pebbles and cobbles up to 6 inches 

in diameter. To round these resistant rock fragments would require
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transportation for a long period of time in turbid water. Such a situation 

would arise in the environment of a transgressive sea, particularly along 

shorelines and in the zone of wave action. Large fragments of granite 

are contained within the conglomerate in the Copper Hill area, indicat

ing that the underlying material was the source of some of the detrital 

material. The contact with the overlying Pioneer Shale is conformable.

The Pioneer Shale was deposited in quieter water in probably a 

shallow marine environment, where large quantities of mud, silt, and 

probably volcanic material was continually supplied in a slowly subsiding 

basin of deposition. In the Copper Hill area this formation contains silt- 

stone and shale, about 135 feet in total thickness. These are metamor

phosed to slate or phyllite where they occur adjacent to the younger in

trusions of diabase, andesite, and quartz diorite.

The unit is reddish purple in color and weU consolidated (Fig.

3). After the deposition and probable lithification of the Pioneer Shale, 

there must have been marine regression, and subaerial exposure on this 

formation; however, the contact between this rock unit and the overlying 

Barnes Conglomerate is essentially conformable, so little erosion oc

curred.

The Barnes Conglomerate is again indicative of a transgressive, 

turbid, shallow sea. The pebbles and cobbles of this formation range up 

to 6 inches in diameter. They are composed of vein quartz and quartzite, 

which are well rounded, indicating long transportation and a good deal of



FIGURE 3

Scanlan Conglomerate on weathered granite 
the northern part of the area.
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wave action near the periphery of the transgressing sea. The source of 

this material is unknown. The unit ranges in thickness from 10 to 20 

feet, is dark red in color, well cemented, and locally quartzitic.

The Dripping Spring Quartzite and the Barnes Conglomerate 

have a sharp contact, where the conglomeritic facies changes to a medi

um-grained, moderately well-sorted sandstone facies. The Barnes 

forms the basal conglomerate to the Dripping Spring, the uppermost unit 

of the Apache Group in the area of study. The Dripping Spring was de

posited under shallow marine conditions, where wave and current action 

generally do an efficient job of sorting. At Copper Hill this formation is 

a well-consolidated, moderately well-sorted, rust-colored to dark-red 

quartzite. No contact with overlying units was noted, and therefore, the 

formation is considered to be incomplete in this area, measuring only 

177 feet thick.

The Apache Group is representative of sediments deposited in 

an onlap environment, such as found in a fluctuating but dominantly trans

gressing sea. With fluctuations, the general tendency is to grade from 

coarse elastics at the bottom to fine elastics and finally to carbonates 

near the top of the group of formations.

More detailed descriptions of the Apache Group are included in 

the works of Peirce (1958, p. 8), Shride (1961, p. 28), and Hammer 

(1961). Shride (personal communication, 1961) states that the Apache 

Group of the Copper Hill area is essentially typical of the Apache Group
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he has observed in southern Arizona.

Diabase

Diabase dikes and sills are prevalent throughout parts of south

ern Arizona. Ransome (1919, p. 56) describes a diabase in the north

ern Tortilla Mountains of early Mesozoic or late Paleozoic age. Darton 

(1925, p. 254-255) considered the diabase to be Cambrian in age. Those 

diabases that intrude post-Cambrian rocks, he considered to be feeders 

of Tertiary and Quaternary basalts. According to Andrew F. Shride 

(personal communication, 1961) the diabase is dated generally in south

ern Arizona as pre-Bolsa Quartzite (Middle Cambrian).

In the eastern part of the Copper Hill area, the diabase con- 

cordantly intrudes the Apache Group as sills parallel to the plane of the 

bedding (PI. 1). Shride states that diabase also occurs as discordant 

dikes following along fractures in other areas of southern Arizona. The 

diabase intrudes the older Precambrian granite along northwest zones of 

weakness (Fig. 4A) and is intruded by the Laramide(?) quartz diorite and 

Cretaceous(?) andesite in the central part of the area (PI. 1).

Diabase sills range in apparent thickness from 10 to 400 feet in 

the Copper Hill area. This rock unit is generally less resistant to ero

sion than the rocks that are its host and, therefore, depressions are de

veloped which are surrounded by knobs or ribs of granite or sedimentary 

rocks of the Apache Group. Both fresh and weathered outcrops are dark



in color. Upon weathering, however, the laths of the labradorite turn 

white becoming more prominent.

Examination in thin section shows the rock to be composed of 

labradorite (An5 5 +) 40-50%, chlorite 35-40%, biotite 5-10%, sericite 5- 

10%, magnetite 5-10%, and minor pyroxene. The rock has a typical 

diabasic texture and composition, with randomly oriented, lath-shaped 

labradorite, partially altered to sericite and quartz, and interstitial 

pyroxene altered to chlorite. The labradorite occurs as twinned, euhe- 

dral crystals.

The diabase is chilled along its contact where it intrudes other 

rocks. In the chilled area the grain size ranges from 0.1 to 1 mm in 

diameter, whereas, in the central portion of the sills the grain size 

ranges from 1 to 5 mm in diameter.

When the pyroxenes were altered to chlorite, magnetite was 

produced from the excess iron that was available. Weathering and ero

sion have resulted in much of the magnetite being deposited in stream 

gullies of the area. Some of this detrital magnetite may also have been 

derived from the granite.

The diabase appears to have been very fluid and gently forced 

itself into place. If the diabase had been intensely emplaced, it would 

have probably ripped off portions of country rock, which would have been 

included as xenoliths or assimilated within the rock. No evidence of the 

presence of xenoliths, assimilation, or flow structure can be observed

18
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in the diabase at Copper Hill. It must have moved in in a subtle way, 

as a very fluid magma, in possibly shallow, preheated rocks. , Such a 

method of emplacement is consistent with the lack of flow structure, 

xenoliths, and lack of country rock assimilation. ; v:

Andesite

An exposure of andesite up to about 500 feet wide and 2,000 feet 

long is located in the eastern part of the Copper Hill area (PI. 1). It in

trudes the older Precambrian granite, the younger Precambrian Apache 

Group (Fig. 4B), and the diabase, and is probably intruded by the 

Laramide(?) quartz diorite. The contacts between the Cretaceous(?) 

andesite and quartz diorite are obscured by float; however, the quartz 

diorite appears to cut across the andesite outcrop. .

This rock unit is grayish green in both fresh and weathered ex

posure. It forms topographic high areas surrounded by the somewhat 

less resistant Apache Group. U

The minerals in the andesite as observed in thin section are: . 

orthoclase 12%, epidote 20%, andesine (Angg+) 55%,. chlorite 5%, kaolin 

5%, magnetite 2%, sericite 1%, and minor quartz.

The andesite is locally porphyritic, containing phenocrysts of 

andesine and orthoclase. The minerals comprising the groundmass are 

predominately andesine with some orthoclase, chlorite, and possibly 

some quartz. Andesine microlites tend to be aligned parallel to the



20

borders of andesine phenocrysts, possibly indicating evidence of flow- 

age. A short distance away from the phenocrysts the microlites assume 

a more random orientation. The grain size of the rock ranges from 2 

mm in the phenocrysts down to 0.1 mm in the groundmass.

Alteration is intense, particularly adjacent to fractures in the 

rock. The andesine has been altered to epidote, and some sericite. The 

chlorite present was probably formed from the alteration of biotite or 

amphibole.

Evidence for an absolute age of the andesite is lacking in this 

area. Ransome (1919, p. 57) states that nearby andesite is probably 

late Cretaceous or Tertiary in age. He describes (p. 56) an andesite 

tuff and breccia in the Ray-Miami area that might correlate with the 

andesite present in the Copper Hill area. The only basis of correlation, 

however, is compositional similarities. In areas south of the Colorado 

Plateaus, structural unrest during the Cretaceous was expressed by 

volcanism of typically andesitic material (Wilson and Moore, 1959, p. 

96), which may be correlative with the andesite of the Copper Hill area. 

It is possible, however, that the andesite is an early fine-grained phase 

of the quartz diorite-quartz monzonite intrusion. Specific evidence for 

this is lacking; however, the composition of the two rocks is similar.

It is considered by the writer that the andesite was injected as 

a moderately viscous magma. This conclusion is based on the slightly 

developed flow structure within the andesite as shown by thin-section



FIGURE 4

REGIONAL VIEWS

A

Granite, Apache Group, and diabase. Looking 
northwest across Smith Wash at the north end 
of mapped area.

B

Apache Group and andesite. Looking north at 
northeast section of mapped area.
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examination. Xenoliths of country rock within the andesite were not ob

served, and contact effects between the andesite and the older rock units 

are generally obscured by floaty or weathered material.

Quartz Monzonite-Quartz Diorite

The quartz monzonite-quartz diorite is the youngest rock unit in 

the Copper Hill area. It intrudes the granite (Figs. 5 and 6), leucogran- 

ite porphyry, sediments of the Apache Group, diabase, and andesite.

The quartz diorite represents a border phase of the quartz monzonite 

intrusive which is located in the western part of the area (PL 1). This 

border phase may be as much as 100 feet thick; however, accurate 

measurements are difficult because of the configuration of the granite- 

quartz diorite contact. Numerous quartz diorite dikes occur also through

out the area of study (PL 1). Topographic depressions are produced 

where these units crop out because they are less resistant to erosion.

Both fresh and weathered outcrops of the quartz monzonite- 

quartz diorite intrusion vary from dark gray to whitish tan in color.

Fresh exposures are blocky and very resistant.

These two phases were studied in thin section. Examination of 

the quartz monzonite shows the rock to be composed of oligoclase (Angg_4 5 ) 

27%, quartz 22%, orthoclase 20%, biotite 15%, kaolin 9%, chlorite 2%, 

hornblende 2%, magnetite 2%, and sericite 1%. It is locally porphyritic 

with oligoclase and some quartz phenocrysts. Grain size ranges from
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0.1 mm to 5 mm in diameter. The oligoclase phenocrysts are subhe- 

dral to euhedral, with some oscillatory zoning.

There were two periods of oligoclase formation. The early 

oligoclase and the orthoclase are strongly altered. The late oligoclase 

occurring as separate crystals, and as rim s around the early oligoclase 

crystals, is essentially unaltered. It appears, therefore, as if the late 

oligoclase may have been formed by hydrothermal or late magmatic 

solutions and developed after the alteration of the orthoclase and early 

oligoclase. The early oligoclase is slightly more calcic than the late 

oligoclase.

Both primary and secondary biotites are present. The primary 

biotite has been locally altered to chlorite and probably was out of chem

ical equilibrium with the hydrothermal solutions. The fresh secondary 

biotite is chemically different from the primary biotite as indicated by 

its lighter color, and has grown partly at its expense during the period 

of hydrothermal alteration. The primary biotite is slightly pleochroic 

and reddish brown in color, while the secondary biotite is strongly 

pleochroic and black to tan in color. Magnetite is intimately associated 

with these biotites as well as with hornblende.

The quartz diorite consists of oligoclase (Angg_^g) 45%, ortho

clase 15%, quartz 15%, biotite 10%, sericite 5%, hornblende. 5%, opaque 

minerals (chalcopyrite, pyrite, magnetite) 5%, and minor apatite, chlo

rite, and epidote. It is generally porphyritic, with subhedral to euhedral
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phenocrysts of oligoclase, orthoclase, and biotite. The grain size 

ranges from 5 mm in the phenocrysts to 0.1 mm in the groundmass.

The quartz is strained, indicating dynamic conditions during or after 

growth.

Alteration is most intense near areas of sulphide mineraliza

tion, with development of sericite, quartz, kaolin, secondary biotite, 

and secondary oligoclase. The orthoclase and primary oligoclase are 

more intensely altered than the secondary oligoclase as was previously 

noted for the quartz monzonite. Both the secondary oligoclase and sec

ondary biotite are probably the result of the reaction by hydrothermal 

solutions, and represent a later stage of alteration. Some of the p ri

mary biotite has altered to chlorite, and early oligoclase has been 

changed to sericite and quartz.

Magnetite is intimately associated with biotite and hornblende.

A fine-grained aplite occurring in the area is probably related 

to the quartz monzonite-quartz diorite unit. It cuts this intrusion in a 

number, of places, and is distinct from the aplite of the earlier leucogrun

ite porphyry. It is finer grained and lighter in. color on fresh exposures.

The minerals of the aplite consist of orthoclase 45%, quartz 

40%, oligoclase (An12+) 9%> kaolin 4%, muscovite 1%, and sericite 1%. 

The mineral grains are anhedral to subhedral and less than 1 mm in 

diameter. There are small graphic intergrowths of quartz and ortho

clase, which suggest exsolution and simultaneous crystallization. Quartz
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grains have been strained. :

Alteration of the orthoclase and andesine to clay minerals, and 

sericite and quartz is pronounced, indicating intrusion of the rock prior 

to the period of hydrothermal alteration.

Interesting evidence for a forcible intrusion is found in the vi

cinity of the quartz diorite and granite contact in the western part of the 

area of study (PI. 1). At this point, flow structures have developed 

within the granite. These appear to be the result of the forcible invasion 

of the quartz diorite which may have been able to remobilize the granite. 

Additional evidence for this forcible intrusion is seen in the large blocks

of granite, up to several feet in diameter, which were ripped off by the1
quartz diorite and remain as large xenolithic inclusions.

In the Ray-Miami region, Ransome (1919) describes several 

similar rock units that may be the same as the quartz monzonite-quartz 

diorite of the Copper Hill area.

Evidence in this area of the absolute age of this intrusion is 

lacking. However^ Schwartz (1954, p. 36) states that the diorite and 

monzonite of the central Tortilla Mountains is probably Laramide or 

post-Laramide in age. According to Wilson and Moore (1959, p. 97) 

the Lar amide orogeny culminated in this area by the intrusion of batho- 

liths and stocks of granitic to monzonitic composition with which many 

ore deposits of the southwest are associated genetically. The quartz 

monzonite-quartz diorite of Copper Hill is tentatively correlated with



26

these rocks and this period of structural deformation and igneous activity.

The mineralization in the Copper Hill area is considered to be 

hydrothermal in origin, and genetically related to the quartz monzonite- 

quartz diorite intrusion. The sulphide minerals are largely restricted 

to the quartz diorite, with some associated with the diabase. In zones 

of more intense mineralization, hydrothermal alteration of the rock is 

also more intense. Joint surfaces in these zones have epidote, sericite, 

and chlorite as alteration minerals.



FIGURE 5

Contact between granite and quartz diorite. South wall 
of tributary wash entering Smith Wash from the west.
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FIGURE 6

Granite, leucogranite porphyry, and late aplite. South 
wall of tributary wash entering Smith Wash from the west.
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General

According to Schwartz (1954), the central Tortilla Mountains 

show definite evidence of structural activity represented by: (1) P re- 

cambrian structures that trend primarily northeast, with subordinate 

northwest-trend directions; (2) Laramide folds with a northerly axis, 

and faults with northerly and easterly trends; (3) Tertiary and Quater

nary thrust faults, normal faults, and folds along northerly axes; and . ■ <
(4) possible northerly trending faults occurring during the Nevadian.

There is thrusting on the northeastern boundary of the Tortilla 

Mountains according to Schwartz (1954, pi. 2). More faulting is pos

sible; however, evidence may be covered by alluvium.

In the Copper Hill area, there has been a good deal of structural 

activity, which is reflected by the intrusive history. In older Precam- 

brian time, the granite intruded unknown rocks that have now been re 

moved. This intrusion of granite was the culmination of the Mazatzal 

revolution in Arizona, The diabase was later intruded into the Apache 

Group and along northwest fractures in the granite during the younger 

Precambrian orogeny. About the end of the Cretaceous, structural

STRUCTURE
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activity resumed in the Copper Hill area, with the emplacement of the 

andesite, to be followed a short time later by the intrusion of the 

Laramide(?) quartz monzonite-quartz diorite. Block faulting of Tertiary 

and Quaternary sediments, later to be dissected by streams indicates 

structural readjustment during these periods of time.

Faults

There are several faults and small shears in the area of study 

(PI. 1). In many instances they appear to be channelways for the min

eralizing solutions derived from the quartz diorite-quartz monzonite in

trusive.

Fractures have two distinct trend directions: (1) northwest

trending breaks along which andesite and diabase have been emplaced, 

and (2) east-west-trending breaks which served to localize the quartz 

diorite. These fractures probably were initiated by the Mazatzal revo

lution during older Precambrian time. Since this revolution, movement 

along these fractures, particularly the east-trending breaks, has been 

reactivated during periods of structural unrest, notably the Laramide 

orogeny, according to Wilson and Moore (1959, p. 97).

Generally, little information as to the amount or type of dis

placement along these fractures can be obtained. However, a fault in 

the northeastern part of the area (PI. 1) is left lateral with about 100 

feet of apparent displacement. This fault has a general east-northeast
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trend that parallels the older Precambrian and Laramide structures in 

the Copper Hill area.

Much of the drainage in the area is fracture controlled. Gullies 

are commonly very straight, with abrupt sharp bends suggesting the in

fluence of minor faults.

The writer was not able to locate faults mapped by Schwartz 

(1954, PL 2) in the northeastern part of the area. However, these faults 

are in agreement with the general trend of east-west fracturing in this 

area.

Joints

Jointing is very prevalent in the Copper Hill area. There ap

pears to be no regional joint set or system; however, different rock 

types exhibit different preferred joint directions. For instance, in the 

quartz monzonite-quartz diorite unit the most prominent joints trend 

northwest and dip from 35° to 50° to the south (PI. 1). These may be 

stretching joints (faults) that parallel the upper contact of this rock unit, 

and are the only evidence for flow planes in this intrusion (Mayo in Nevin, 

1950, p. 191). Stretching joints are also the major joints in the andesite. 

These joints strike west-northwest and dip about 45° to the north, and 

are essentially parallel to the upper surface of this intrusion (PI. 1).

The major joints in the granite range in dip from 70° to vertical. 

A minor joint set is nearly horizontal. It is not possible to determine
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what produced these joints, since they are developed in the oldest rock 

unit in the area of study and thus have been subjected to a number of 

periods of structural unrest. Further, since its intrusion, the granite 

has been steeply tilted as evidenced by the Apache Group-granite con

tact, so that the relative orientation of the joints to its initial position is 

not known.

Flow Structure

Flow structures occur within the granite, only near the quartz 

diorite contacts. Minerals of the granite, such as quartz, orthoclase, 

and plagioclase, have been elongated under stress conditions with pre

ferred orientations over short distances; There are large anomalous

pseudoxenoliths of younger leucogranite porphyry, diabase, and quartz
\

diorite up to several inches in diameter within the older granite.

It is the opinion of the writer that at the time of the forcible in

trusion of the quartz monzonite-quartz diorite mass enough heat and 

pressure was produced to remobilize the granite in the vicinity of the 

contact. The granite was replete with younger small dikes that were 

twisted and contorted on flowage producing these anomalous pseudo

xenoliths. v



MINERALIZATION

The Copper Hill area is located near prominent sulphide cop

per ore bodies; it is about 22 miles southeast of Ray, Arizona, and about 

12 miles southwest of Christmas, Arizona. Certain similarities are 

present between these ore bodies and the mineralization in the Copper 

Hill area. For example, there is a quartz-mica diorite at Christmas, 

porphyry of intermediate composition at Ray, and a quartz diorite at 

Copper Hill. All of these similar rock types seem to be intimately re 

lated to the economic mineralization at the respective areas.

: According to Clarke (1952, p. 91), the ore deposit at Ray,

Arizona may be Laramide. The quartz-mica diorite at Christmas, 

Arizona is considered to be Cretaceous or Tertiary in age according to 

Peterson and Swanson (1956). At Copper Hill, evidence for a precise age 

of mineralization is not available. Schwartz (1954, p. 67) states that the 

mineralization in the central Tortilla Mountains is late Lar amide.

Dissimilarities in host rock and ore deposit type are present in 

these three areas. There is hypogene copper mineralization in the "por

phyry" and the diabase, and extensive supergene enrichment of copper 

values on pyrite in the Pinal Schist at Ray. The Christmas ore body is 

essentially a pyrometasomatic deposit in limestone and is marginal to

33
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the quartz-mica diorite. At Copper Hill the primary mineralization is 

disseminated in the quartz diorite and the diabase, with exotic supergene 

copper values in the granite and leucogranite porphyry.

The economic minerals of the Copper Hill area are largely re 

stricted to those of copper; however, assays of mineralized material in

dicate some potential in silver and gold (Table 1), too low and too erratic 

in distribution to be considered ore under present economic and techno

logical conditions. There has been no commercial production from this 

area.

Mineralization in the area of study is considered to be hydro- 

thermal in origin and genetically related to the late magmatic phases of 

the quartz monzonite-quartz diorite intrusion, as it is the latest intru

sion in this area, and carries most of the sulphide values.

The primary copper mineralization is in the quartz diorite, the 

border phase of the quartz monzonite, and also locally in the diabase. 

Chalcopyrite is the main primary mineral in both rocks, with minor 

bornite present in the quartz diorite. The chalcopyrite occurs as dis

seminated grains in the altered quartz diorite and as ra re  aggregates up 

to an inch in diameter in the highly altered diabase.

Secondary copper minerals occur largely, along clay and chem

ically reactive carbonate coated fractures in the granite, and locally on 

the contacts between the leucogranite porphyry and the granite. These 

secondary minerals are cuprite, malachite, and some azurite. These



35

TABLE 1 

ASSAY RECORDS
;  ■ : , ?

Source of Sample Cu
%

• ■ ■ . ■ '
Ag

oz/ton
Au

oz/ton

Claim No. 2 7.1 1.19 0.01
' 1 i " li . %It 2.8 0.38 0.01

2.7 13.60 -

' • : ■' ■' 4.7 0.41 -
* i » ■ , i . » ^

tt 2.3 4.95 0.01
• M - "  " 4.8 0.63 0.005

Claim No. 5 8.1 0.97 0.03
„ 1.9 0.35 0.01

;; |t ,  ; '
3.1 0.19 0.01

Claim No. 7 0.7 0.19 0.01

Unknown Claim 8.1 0.97 0.03

tr 1.6 0.19 0.01

tf 2.3 4. 75 0.01

Source: Assays by American Smelting and Refining Company. Hayden 
Plant.
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minerals probably represent copper leached from the quartz monzonite- 

quartz diorite and precipitated as veins in reactive fractures.

Gangue of the Copper Hill area is mainly the minerals that com

pose the quartz diorite, diabase, and granite. There is, however, much 

alteration of these rock minerals to sericite, chlorite, epidote, kaolin, 

and carbonates.

The quartz diorite has limited areal extent and therefore any 

continuation of mineralization would be at depth. Geophysical techniques, 

such as the induced polarization method (IP), would be of value in deter

mining the configuration of the quartz diorite, which could be substanti

ated by drilling. It would probably require underground mining techniques 

to exploit this mineralization in view of its limited extent and the presence 

of several hundred feet of overburden in some places.

The quartz diorite is more intensely kaolinized and sericitized 

in the areas of more intense sulphide mineralization, providing a useful 

exploration guide.



ALTERATION

Alteration varies from moderate to intense in the rocks of the 

Copper Hill area. The diabase and the sulphide mineralized portions of 

the quartz diorite are the most intensely altered rock units. The pyrox

ene of the diabase has nearly all been converted to chlorite, and the 

labradorite has been altered to sericite and quartz. Sericite, kaolin, 

secondary biotite, and secondary oligoclase are the principal alteration 

minerals of the quartz diorite. The other rock units of the area have 

also been altered, but to a lesser extent. The original minerals of the 

rock units have not been affected so much that they cannot be determined, 

however.

Deuteric alteration, as defined here, is the alteration by resid

ual fluids genetically related to the pluton whose minerals these fluids 

are altering. They are not migrating fluids, but rather fluids that re 

main in a localized area after crystallization of the normal mineral com

ponents. Hydrothermal alteration is more widespread, and is caused by 

the movement of fluids through the rocks. The hydrothermal solutions 

may or may not be genetically related to the altered rock.

The alteration at Copper Hill is largely hydrothermal and not 

deuteric in origin. Positive identification cannot be made in thin section
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examination. However, field relations show that the alteration is prin

cipally along fractures throughout the area, which would suggest hydro- 

thermal type alteration.

Hydrothermal solutions, related to the sulphide mineralization, 

were apparently associated with the quartz diorite. This is the latest 

igneous intrusion at Copper Hill, and, therefore, could be responsible 

for the hydrothermal alteration of the earlier rock units.



GEOLOGIC HISTORY

The principal orogeny during the older Precambrian in Arizona 

was the Mazatzal revolution (Wilson and Moore, 1959), which culminated 

with the invasion of batholiths of granite and smaller masses of other 

plutonic rocks. This orogeny was instrumental in determining trends of 

later structures in southern Arizona. Representative of these batholiths 

of granite is the oldest rock unit in the Copper Hill area, the older P re

cambrian granite. It is not known into what rocks this granite intruded; 

however, in other areas of southern Arizona granite intruded sediments 

and volcanics that were metamorphosed to what are now called the 

Yavapai and Pinal Schists.

The leucogranite porphyry of the Copper HiU area formed as a 

late phase of the granite. It intruded the granite along numerous frac

tures throughout the area of study.

After intrusion of the granite, there was a long period of ero

sion which removed any evidence of older rock units. Associated with 

this long period of erosion, was a period of structural stability, as the 

surface in this area was reduced to a near peneplain. Weathering de

veloped a regolithic zone up to 15 feet thick just below the Apache Group 

contact in the granite. The sediments of the younger Precambrian

39
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Apache Group were then deposited on this weathered, flat surface of the 

granite. The source of the detrital material for the Apache Group i s . 

from older Precambrian rocks from uncertain locations. These sedi

ments are arkosic, and contain much mica, which indicates their chem

ical similarity to known older Precambrian rocks. The Apache Group 

was probably deposited in a shallow marine environment, such as a con

tinental shelf area, with indications of volcanic activity in the Pioneer 

Shale and the basalt flow that locally caps this group.

After lithification of these sediments, the Apache Group was 

strongly flexed during the younger Precambrian orogeny and diabase was 

subtly intruded as sills and occasionally as dikes into these rocks, and 

into the granite along northwest zones of weakness in the area under con

sideration.

The Paleozoic Era was a time of comparative structural rest in 

Arizona, with no known igneous activity, according to Wilson and Moore 

(1959, p. 94).

Following the deposition of the Cambrian sediments, which are 

exposed about a mile north of the area of study, there was a long period 

of nondeposition or sediment deposition and later erosion in the Copper 

Hill area. No Ordovician or Silurian rocks are exposed here, as is the 

case in most areas of Arizona.

During the Devonian, Mississippian, and Pennsylvanian Periods 

there must have been carbonate deposition in the area of study, as rocks
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of these ages are exposed about 10 miles north of the Copper Hill area 

across the Gila River. These carbonate rocks have been eroded away, 

leaving the younger Precambrian Apache Group as the only evidence of 

marine inundation in the Copper Hill area.

Structural and igneous activity resumed in the Copper Hill area 

about the end of the Cretaceous Period. Structural unrest was expressed 

in the form of volcanism of essentially andesitic rocks south of the 

Colorado Plateaus province. The andesite of the Copper Hill area pos

sibly correlates with this period of structural unrest, intruding as it 

does a sill along a northwest trend in the Pioneer Shale of the Apache 

Group. This andesite is probably pre-Laramide in age. It would prob

ably have followed one of the Laramide produced zones of fracturing in 

the Copper Hill area, had it been post-Lar amide. This andesite might, 

however, be an early, fine-grained phase of the quartz monzonite-quartz 

diorite. But, other than a chemical similarity, there is no evidence for 

correlation.

According to "Wilson and Moore (1959, p. 97), the Lar amide 

orogeny in Arizona resulted in the following: (1) east-west and north- 

south shear faults parallel to those in the older Precambrian; (2) folds 

of prevailing northwest, but also of north-south, east-west, and north

east trends; and (3) thrusting commonly northeast or eastward in con

trast to the northwestward thrusts of the older Precambrian.

Early in the Lar amide orogeny, the Tortilla Mountains were
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folded along a northwest trend. Erosion has altered this picture so that 

only the east limb of the anticline composed of the lower formations of 

the Apache Group remain. These formations now form hogbacks dipping 

steeply to the northeast. Also, during this orogeny there were remnant 

breaks from older Precambrian time reactivated. In the area of study 

east-trending fractures were produced. The Laramide orogeny, cul

minated in this area with the emplacement of a quartz monzonite stock, 

which has a more mafic border phase composed of quartz diorite dikes. 

These were injected throughout the area of study (PI. I). The sulphide 

mineralization and alteration in the Copper Hill area are the result of 

hydrothermal solutions that are genetically related to this quartz mon

zonite-quartz diorite intrusive.

The Copper Hill area has had a number of periods of structural 

adjustment since Lar amide time accompanied by erosion and deposition 

of alluvium. These deposits of Tertiary and Quaternary age have been 

block faulted and dissected by streams, later to be built up again as the 

grades of the streams have been altered by structural or sedimentational 

changes. . ..... 5 o
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