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ABSTRACT

A 74 m.y. granodiorite stock measuring 1.5 by 3 km has intruded a
2 km-thick Paleozoic section and 1 km-thick Lower Cretaceous section of
sedimentary rocks in the Whetstone Mountains.

Intrusion of the stock was

preceded by emplacement of rhyodacite and granodiorite porphyry sills in
the Cretaceous rocks.

Sequentially later intrusions of aplite dikes, a

quartz monzonite porphyry stock, a quartz latite porphyry dike, granite
dikes, and basalt porphyry dikes were emplaced.

Their emplacement was con

comitant with tilting of the range to the southwest and with opening of
northeast striking tension joints.

Copper and molybdenum mineralization

on joint veinlets is significant in quartz monzonite porphyry near a
quartz latite porphyry dike.

Deep-seated porphyry type mineralization

potential exists in association with this phase, but near-surface potassic,
argillic, and peripheral alteration patterns overlap in a constricted
zone.

Post-mineral, hydrothermally altered breccia zones cross the stock.

x

CHAPTER 1

INTRODUCTION

Purpose and Scope of Study
The purpose of this work was to relate structure, stratigraphy,
and regional tectonics to location and mode of emplacement of the Granite
Peak stock and associated igneous rocks.

Elucidation of structural de

velopment, sequence of intrusion, mineralization, and alteration patterns
permit evaluation of the stock as a potential host of porphyry copper
type mineralization.
The relationship of mineralization to Laramide intrusions of felsic to intermediate composition in Arizona and New Mexico has been recog
nized since the turn of the century (Lindgren, Graton, and Gordon, 1910?
Schmitt, 1933).

Recently, research has been applied toward elucidation

of those geologic factors which cause development of large scale perva
sive mineralization and alteration patterns within and near some Laramide
plutons.

Lowell and Guilbert (1970), Rose (1970), Clark (1972), and

Lowell (1974) are some of many workers who have found an important degree
of consistency to the general and detailed geology of porphyry type de
posits.

To evaluate the potential for such a deposit in a particular

pluton, such as the Granite Peak stock, its geology must be compared with
that of plutons associated with porphyry orebodies.
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Method of Treatment
Geologic mapping at a scale of 1 : 5000 required about 60 days
during the winter, spring, and fall of 1970.

Aerial photographic cover

age was provided by prints to scale from negatives on file with Cooper
Aerial Surveys of Tucson.

Field geological data were plotted on the

photographs and transferred to the topographic base map.

Creasey's (1967)

map and stratigraphic section descriptions for Paleozoic rocks were used
as field references, whereas Tyrrell1s (1957) work was used for Cretaceous
rocks.

Igneous rock specimens were collected from many exposures and

close attention was given to relative age, orientation, and mineraliza
tion characteristics of each intrusion.

Drill hole logs and a few core

specimens were available to provide local subsurface geology for crosssections.

The geology of the Granite Peak stock area is described and

related to regional geology in this report to permit evaluation of its
large scale economic potential.

Location
Figure 1 (in pocket) shows the location of the study area in
Cochise County relative to various features of southeastern Arizona.

The

study area is rectangular, measuring 2 kilometers (km) by 4 km, and is
bordered on the west by the Pima County line.
The Granite Peak stock lies entirely within the Whetstone Moun
tains subdivision of the Coronado National Forest.

It is in an unsurveyed

portion of Township 19 South, Range 19 East, Gila and Salt River Baseline
and Meridian.

The projected sections covered by Figure 2 (in pocket) in

clude all of 19 and 20, the southern portions of 17 and 18, the western
half of 21, and the southwestern corner of 16.

Topographic coverage is
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provided by the Benson, Arizona, 15-minute U.S. Geological Survey quad
rangle , which is enlarged to scale and redrawn with a 20 meter contour
interval for Figure 2.

Accessibility
Mine Canyon in the eastern part of the study area is reached by a
series of roads and trails leading northwestward from the junction of
Arizona Highways 82 and 90 (Figure 1).

The western part, named

hs

Windeddy Canyon, is accessible by a trail leading north from Arizona High
way 82 at Rainvalley Ranch, 10.5 km (6.7 miles) west of the junction with
Highway 90.

High-clearance, four-wheel drive vehicles are recommended

for travel on the trails.

Previous Work
At a scale of 1 : 5000, the present work is the most detailed
geologic mapping to date in the Whetstone Mountains.

The geology of the

range remained obscure until Tyrrell1s work in 1957, despite the presence
of mineral deposits and a well-exposed stratigraphic section.

The pres

ence of either of these factors in other ranges has prompted early geo
logic mapping and description.
According to Barnes (1960), the present Whetstone Mountains and
Mustang Mountains were combined under the name Mustang Mountains prior to
1883 because the ranges sheltered a herd of about 60 wild ponies, which
may have been descendants of stock brought into the region by Fr. Kino in
1697.

After 1883, maps show the ranges as they are now identified.

The

name for the Whetstone Mountains is the result of the presence of ledges
of novaculite which were apparently quarried for use as whetstones.

in
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1901, Durable referred to novaculite as "whetstonerock" and described it
as extremely fine-grained sandstone in the Cretaceous section.
Durable (1901) visited coal beds associated with "bright glisten
ing shale" in the southeastern part of the range.

His notation of a

150-m-long tunnel exposing coal does not fit the Coal Springs coal occur
rence in the southwestern part of Figure 2 where only prospect pits are
found.

His observations concerning the Whetstones state that the Creta

ceous section is more than 1500 m thick and that the best section of Car
boniferous limestone and sandstone in southern Arizona is present in the
range.
Hess (1909) and Wilson (1941) described the occurrence of wolfram
ite and scheelite in prospects located near the Ricketts Mine on the
northeastern edge of the range.

Hess proposed magmatic segregation from

granite as the origin of the tungsten ore, whereas Wilson favored a meta
soma tic origin.

Later, Wilson and Roseveare (1949) note important fluor

spar mining at the Lone Star Mine, located 2 km southwest of the Ricketts
Mine, after discovery of fluorite mineralization in 1946.

During field

work in preparation for the 1924 geologic map of Arizona, Carl Lausen,
C . .J. Searle, E. D. Wilson, and N. H. Darton traversed many ranges includ
ing the Whetstones.

From this work, Darton (1925) shows a cross-section

of the range and makes the first reference to the Granite Peak stock as a
"porphyritic intrusive rock cutting the Cretaceous strata".
Stoyanow (1936) attempted to correlate Arizona Paleozoic forma
tions on the basis of faunal assemblages.

As shown in Column 7c of Figure

3 (in pocket) he described the type locality of the Cochise Formation in
the Whetstone Mountains.

In present usage neither this unit nor his other
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formations are recognized, primarily because they are not rockstratigraphic units.

In 1949, Harold Wanless measured 30 stratigraph

ic sections of Carboniferous rocks throughout Arizona.

One of these

sections was measured along Dry Canyon in the Whetstones, near the north
eastern corner of Figure 2.

This section has a thickness of 743 meters

and includes the Black Prince Limestone, Horquilla Limestone, and Earp
Formation although these formations are not defined in the description.
These unpublished measured sections are on file with the Arizona Bureau
of Mines.

A section of the Abrigo Formation (Figure 3, Column 3c) was

measured by Gilluly (1956) and his associates during a study of the geology
of central Cochise County.

Plate 10 of his work is a reconnaissance map

of physiographic features of the Benson Quadrangle drawn by Kirk Bryan,
who had earlier (1926) published a brief description of these features.
During the period 1955-1967, six unpublished thesis and disserta
tions were completed that dealt with portions of the range.

Except for

Tyrrell's dissertation at Yale University, all are from the University of
Arizona.

Bryant (1955) included stratigraphic sections of Paleozoic form

ations in the Whetstone Mountains in his dissertation on stratigraphy of
the Permian System in southern Arizona.

The most complete of these sec

tions , which were described by Jones and Bacheller of Shell Oil Company,
is shown in Column 6b of Figure 3.

Burnette (1957) mapped six sections

in the Middle Canyon area on the northeastern side of the range at a scale
of 1 : 12000 and named the Precambrian Whetstone Granite,a quartz monzonite mass that intrudes the Pinal Schist.

The most complete of his

measured stratigraphic sections is shown in Column 6c of Figure 3.
described the fluorite mineralization at the Lone Star Mine.

He also
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At a scale of 1 : 62500, Tyrrell (1957) mapped all but the south
ern portion of the Whetstone Mountains and measured numerous stratigraphic
sections of Paleozoic and Cretaceous rocks (Figure 3, Column 5).

He

named the Granite Peak stock and showed its relationship to the igneous
and sedimentary host rocks.

His work has been included in the 1959 edi

tion of the geologic map of Arizona at a scale of 1 : 375,000.

Of the

series of cross-sections to accompany the map. Cross-section 8 passes
through the Whetstone Mountains (Wilson and Moore, 1962).
Graybeal (1962) mapped the topographically separated southern
Whetstone Mountains at a scale of 1 : 12000 and discussed the occurrence
of gypsum in the Epitaph Formation.

Ross and Tyrrell (1965) defined the

age of Pennsylvanian and Permian sedimentary rocks in the Whetstones using
fusulinids.

In 1965, Schafroth completed his study of Cretaceous sedi

mentary rocks in the Empire and Whetstone Mountains.

Rea (1967) measured

two stratigraphic sections of the Earp Formation in the range during his
investigation of the red chert-pebble conglomerate in this formation.
The section which includes the entire Earp is shown in Column 7a of Fig
ure 3.
Previous work has dealt predominantly with topics related to the
well-exposed, relatively undisturbed sedimentary rocks in the range.
Stratigraphic relationships are summarized in this study, but emphasis
centers on igneous rocks and structural elements.

CHAPTER 2

REGIONAL GEOLOGIC SETTING

Southeastern Arizona forms part of the Mexican Highlands section
of the Basin and Range physiographic province, where isolated ranges are
separated by broad, aggraded desert plains (Fenneman, 1931).

Lying east

of the Whetstone Mountains and trending north-northwest is the San Pedro
Valley, a significant topographic as well as structural and stratigraphic
discontinuity.

Regional Stratigraphy
During Middle Cambrian time in southern Arizona and New Mexico,
an extensive deposit of sand was lain on Precambrian metamorphic and ig
neous rocks by an eastward transgressing sea that was advancing out of
the Sonoran seaway (Tyrrell, 1957).

Repeated invasions and withdrawals

of the seas occurred through Mississippian time, leaving very little rec
ord of the Ordovician and none of the Silurian in southern Arizona.
Pennsylvanian and Permian Systems are represented by thick carbonate sec
tions, in large part within the late Paleozoic Pedregosa Basin of south
eastern Arizona (Wilson, 1962).
Early Mesozoic volcanic and clastic sedimentary rocks unconformably overlie Paleozoic rocks in some areas of southeastern Arizona; else
where this sequence is missing and a thick section of Lower Cretaceous
sedimentary rocks over lies the Paleozoic rocks in angular discordance.
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In some areas an Upper Cretaceous, coarsely clastic sedimentary and vol
canic pile unconformably overlies

the Lower Cretaceous rocks.

Igneous

intrusions accompanied the early Mesozoic Nevadan Revolution and the Late
Cretaceous Laramide Orogeny.

During Miocene time, the basin ranges were

uplifted with accompanying volcanism to form their present configuration
and the intermontane valleys begin to accumulate clastic deposits (Wilson,
1962).

Regional Structural Setting
As seen on Jerome and Cook's (1967) Plate 5 map of Precambrian
exposures and mining districts, the Whetstone Mountains lie within a
northwesterly-trending belt of uplifted Precambrian exposures that extends
from southern Nevada southeastward across Arizona and into southwestern
New Mexico.

This belt contains all of the porphyry copper deposits of

Arizona and New Mexico and it makes up a large portion of Fenneman1s (1931)
Mexican Highlands.

In Arizona, this belt of Precambrian exposures is bor

dered to the northeast by the relatively undisturbed Colorado Plateau.
The Whetstone Mountains lie within, but near, the southern bound
ary of the Texas Zone as drawn by Schmitt (1966) .

The Texas Zone is a

160 km-wide belt of structural elements which strike preferentially north
westward from west Texas through the southern portions of New Mexico,
Arizona, and California.

The structural influence that defines the zone

date is believed to be from late Precambrian time.

Schmitt believed this

to be an area of Cambrian sedimentation bounded on its northern and south
ern sides by landmasses.

Guilbert and Sumner (1968) emphasized its role

as a hinge line and wrench fault of possible global dimensions since the
Precambrian.
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Schmitt (1966) shows the Wasatch-Jerome orogen as a 100 to 170 kmwide, northward-trending belt of "high-angle faults locally bounded by
long narrow grabens or uplifts..." in its southern portion and of "highangle faults and longitudinal folds..." in its northern portion.

The

Texas Zone crosses and appears to offset the Wasatch-Jerome orogen leftlater ally in southern Arizona.

Except for this change in trend, the oro

gen extends generally southward from Butte, Montana, across northwestern
and southeastern Arizona and into Sonora.

The Whetstone Mountains and the

porphyry copper mines of southeastern Arizona lie within Schmitt's WasatchJerome orogen and Texas Zone.
Another regional structural trend that has been recurrently active
is the predominantly northeast-striking structural element of the Older
Precambrian.

Schmitt (1966) observed that, locally, a majority of dikes,

faults, and veins bear northeastward, presumably as surface expressions
of a reopening of ancient basement faults in response to local and re
gional stresses.

A statistical study by Landwehr (1967) of Nevadan and

Laramide mineralized fractures in six western states revealed that a pro
nounced northeastward trend carries the major mineralization.

The sta

tistical work of Rehrig and Heidrick (1972) amplify this conclusion that
mineralization is most commonly related to fractures striking eastnortheastward in Laramide stocks of Arizona.
were taken from the Granite Peak stock.

A portion of their data

A subsidiary north to northwest

direction of structural features suggests to these writers that the re
gional fracture system must be extensional in nature and must have de
veloped during tectonic conditions of widespread crustal uplift, accom
panied by stretching in a northwesterly direction.
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The San Pedro Rift underlies a linear valley extending from Ray,
Arizona, southsoutheast into Sonora.

Ranges on each side of this valley

generally show Precambrian rocks overlain by sedimentary beds dipping away
from the rift, giving its form as an erosion-breached elongated antiform.
However, Lowell (1974) summarizes evidence for the portion in Pinal
County that suggests a graben structure involving earlier flat-lying
faults displaced by later steep "gravity" faults of the type described by
Proffett (1977) in the Yerington district, Nevada.

Major copper deposits

at Superior, Ray, San Manuel, Bisbee, and Cananea as well as lesser min
eralization in adjacent ranges, such as the Whetstones, may be related to
intrusions which were localized near the rift by pre-Laramide basement
structures.
The Whetstone Mountains appear favorably situated for porphyry
copper mineralization with respect to the large-scale structural features
believed important to localization of such deposits in southwestern North
America.

Within this broad favorable structural environment, numerous

Laramide plutons are found, but the paucity of porphyry mineralization
associated with them suggests that factors other than structural setting
alone are critical to formation of porphyry copper deposits.

The first

formally published geologic map of the Whetstone Mountains was completed
by Creasey in 1967 and included measured stratigraphic sections from
which Column 4 in Figure 3 was drawn.

In 1968, Hayes and Raup published

a geologic map of the Huachuca, Mustang, and southern Whetstone Mountains
at a scale of 1 : 48,000.

The 1969 edition of the Geologic Map of Arizona

(1 : 500,000) by Wilson, Moore, and Cooper shows the geology of the
Whetstones according to these maps.
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Valuable unpublished work held by mineral claim holders and com
panies active in the study area over the years is not readily available,
but the cross-section interpretations shown in Figures 4 and 5 (both in
pocket) summarize information available to the writer.

CHAPTER 3

GEOLOGY OF THE WHETSTONE MOUNTAINS

Physiography
The Whetstone Mountains have a north-south length of 20 km cen
tered along longitude 110° 25', and a maximum width of 12 km.

As an area

of pre-Tertiary bedrock exposure, the range takes on a broad southwestern
extension into Cienega Valley with latitudinal width of 16 km (Creasey,
1967; Schafroth, 1965).

Isolated hills of the southern Whetstones and

those of the Mustang Mountains are separated by Rain Valley.
From an approximate pediment-range interface elevation of 1400
meters, the range rises 700 m as a series of sharp and locally precipi
tous ridges to its central crestal ridge along which Apache Peak and
French Joe Peak share the highest elevation, 2345 meters.

Drainage from

the western side flows to Cienega Wash and the Santa Cruz River whereas
the remainder of the range, including all but the northwest corner of the
study area, is drained by tributaries to the San Pedro River.

Like many

mountains in the Basin and Range Province, the drainage pattern is strik
ingly radial.
The area of study straddles the southern part of the central
crestal ridge.

From Granite Peak southward, the range drops

off to the

pediment as a discontinuous ridge bordered by steep slopes (Figure 6).
Slopes with accumulations of talus are found to have a slope angle of 37°
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Figure 6.

Aerial Photograph of the Granite Peak Area

Granite Peak is the highest point on the skyline,
within the outlined area. View is toward west.

The stock lies
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from horizontal.

Figure 2 shows relief of 700 m between lower Mine Canyon

and Granite Peak.

Stratigraphy
A Precambrian basement of Pinal Schist which has been intruded by
quartz monzonite and alaskite is exposed in the northeastern part of the
range.

Above this is a largely unfaulted, southwesterly dipping sequence

of Paleozoic and Lower Cretaceous sedimentary rocks.

Late Cretaceous and

Tertiary igneous rocks make up the remainder of the range.

As shown in

Columns 4 and 5 of Figure 3, all Paleozoic units recognized in south
eastern Arizona as well as a thick Cretaceous section are represented.
The Triassic and Jurassic volcanic, intrusive, and sedimentary rocks of
the Huachuca Mountains and Canelo Hills are present only in the southern
Whetstone Mountains (Hayes and Raup, 1968).

The pre-Cretaceous erosional

surface lies on the Rainvalley Formation (Creasey, 1967) throughout much
of the range except for the southern part where Nevadan uplift exposed
the Epitaph Formation, 350 m lower than the Rainvalley in the section, to
erosion (Hayes and Raup, 1968).

Creasey (1967) described a Paleozoic sec

tion 2120 m thick and Tyrrell (1957) found 2610 m of Lower Cretaceous
rocks (Figure 3).

Igneous Rocks
Four main periods of igneous activity are recognized in the
Whetstone Mountains:

Younger Precambrian, Nevadan, Laramide, and Tertiary.

In Precambrian terrane, the Whetstone Granite, a quartz monzonite, was
emplaced into Pinal Schist and subsequently intruded by alaskite and
aplite.

Graybeal's (1962) intrusive granodiorite in the southern Whetstones
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is included as part of the Nevadan volcanic and sedimentary sequence found
in the nearby Mustang Mountains by Hayes and Raup (1968).

In addition,

Tyrrell (1957) described thin felsite sills found only in Paleozoic beds.
Although he assigned a Tertiary age to these sills, their absence from
Cretaceous rocks permits a Nevadan age.

During Late Cretaceous time ex

tensive rhyodacite and granodiorite porphyry sills intruded the Cretaceous
beds, a thick granodiorite sill split the Bolsa Quartzite, and the Granite
Peak stock was emplaced.
Tertiary igneous rocks have a questionable age because of lack of
relative age relationships with known Tertiary units.

Graybeal's (1962)

suggestion of a middle-to-late Tertiary age for the granodiorite, felsite,
andesite, and quartz latite porphyry intrusive units of the southern
Whetstones is based on their emplacement after major structural movement.
He believed this tectonism was Laramide on the presence of Middle Ter
tiary granodiorite and andesite in the Tombstone Hills, 30 km to the east.
Hayes and Raup (1968) indicate that structural movements Graybeal assigns
as Laramide may be Nevadan because numerous faults displacing Paleozoic
rocks do not cross nearby Cretaceous strata.

Tyrrell (1957) and Creasey

(1967) question the Cenozoic age of sediments and interbedded andesite
flows on the extreme northwestern side of the Whetstones.

From Schafroth's

(1965) description of the Hilton Ranch Conglomerate (Figure 3, Column 6a),
the writer suggests that a restudy of these rocks may show them to be part
of the Upper Cretaceous conglomerate and extrusive rock sequence.

Structure
Unlike many basin ranges, the Whetstone Mountains are not struc
turally complex.

The range is a southwestward-tilted fault block broken
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by relatively few normal and thrust faults of small displacement.

In

contrast to rather uniform 30-35° southwestward dips of Paleozoic beds in
the study area and those found to the north in the central range, these
rocks have much steeper, to 80°, irregular dips in the northwestern and
the southern parts of the range where concentrations of high angle faults
mark increased structural movement.

Thrust faults found on the eastern

and southern parts of the range have orientations generally subparallel
to bedding (Creasey, 1967; Hayes and Raup, 1968).
A probable range-bounding normal fault on the north end of the
range places contorted Cretaceous beds against the Whetstone Granite.
The nearest Paleozoic exposure shows beds dipping about 45° southwest
with 1.3 km of intervening quartz monzonite.

Fault displacement increases

eastward from a projected minimum of 3.5 km at the west end (Creasey,
1967).
Hayes and Raup's map (1968) shows that the Mescal Spring Fault
follows an east-west, topographically low area which separates Cretaceous
rocks of the main range from Paleozoic strata of the southern Whetstones.
Graybeal (1962) believed that this fault shows 4 km of right-lateral
strike-slip movement while Tyrrell (1957) suggests that it is a thrust
fault on the basis of its sinuous pattern.

Hayes and Raup (1968) indi

cate that the south side moved upward relative to the north side.

Strat

igraphic throw on this structure is about 1.5 kilometers.
Tyrrell (1957: pp. 144-159) provided an excellent summary of the
structural history of the Whetstone Mountains.
least five major periods of tectonic activity.

\

He found evidence for at
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Precambrian Orogeny
Metamorphism of Pinal Schist marks the first erogenic event dis
tinguishable in the Whetstones.

Foliation in this unit consistently

strikes northward and is sharply crosscut by the unfoliated Whetstone
Granite.

Following intrusion of alaskite (Creasey, 1967) into both rock

types, a long period of erosion ensued to form the peneplain upon which
the Bolsa Quartzite was deposited in Middle Cambrian time.

Paleozoic Epeirogeny
During much of Paleozoic time, the area was a slowly sinking
shelf with carbonate sedimentation dominant adjacent to the Sonoran Basin.
Disconformities within the section (Figure 3) are widespread in southeast
ern Arizona and indicate periodic regional uplifts to near sea level for
long periods of time.

Nevadan Block Faulting
The Whetstone Mountains were apparently outside the area strongly
effected by early Mesozoic erogenic events of the Huachuca Mountains
where a thick volcanic pile has been intruded by the Jurassic Huachuca
quartz monzonite stock and is unconfonnably overlain by the basal Creta
ceous Glance Conglomerate which contains andesite flows.

The Jurassic-

Triassic volcanic and sedimentary rocks are less extensive northward in
the Mustang .Mountains and southern Whetstones (Hayes and Raup, 1968).
Tyrrell (1957) felt that at least one deformation occurred be
tween Permian time and deposition of Willow Canyon Formation (Comanche)
in the range.

Normal faulting preceded and continued into the time of

Willow Canyon deposition to cause an angular unconformity between Cre
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taceous and Paleozoic beds.

A pattern of Mesozoic age N 55° W-trending

linear discontinuities in southeastern Arizona are identified by Titley
(1976).

One of these, the Silver Bell-Bisbee discontinuity, passes

through the southern Whetstone Mountains along the northeastern limit of
Permian Rainvalley Formation exposure, or very near the Granite Peak
stock.

The southwestern side of the Silver Bell-Bisbee discontinuity is

postulated to be downdropped by normal faulting.

Laramide Orogeny
Deformation of Laramide age was intense throughout most of
southeastern Arizona and is typified by folding, faulting, overthrusting,
volcanism, and intrusion.

A subdued expression of these Laramide charac

teristics is found in the Whetstones.

Only the variety and extent of ig

neous activity in the range appears comparable to other ranges.

Laramide

structural deformation consists mainly of southwestward tilting of the
range with some thrust faulting, folding, and renewed movement along
normal faults.

Late Cenozoic Block Faulting
Block Faulting started in Miocene and Pliocene time and continues
to the present as indicated by scarps in valley gravels and earthquakes
such as the one recorded in Tombstone in 1887 (Tyrrell, 1957).

CHAPTER 4

STRATIGRAPHY OF THE GRANITE PEAK AREA

The stratigraphic section exposed in the study area extends from
the Pennsylvanian-Permian Earp Formation through the Lower Cretaceous
Shellenberger Canyon Formation.

Several units older than Earp are shown

in Figure 4 and those younger than Shellenberger Canyon are pertinent to
discussions below.

Since Tyrrell (1957) gives a thorough discussion of

local stratigraphy and Bryant (1968) provides a valuable summary of the
diagnostic characteristics of Paleozoic formations of southeastern Arizona,
only a limited statement about each formation mapped will be given here.

Paleozoic Stratigraphy
Creasey's (1967) formation and member nomenclature for Paleozoic
units are used in this report.

Column 4 of Figure 3 shows a 2100 m thick

ness for Paleozoic rocks in the Whetstone Mountains.

Columns 1 and 2

show the revision of Ransome1s (1904) Naco Limestone by Hayes and Landis
(1965) in the Naco Hills.

Period and stage designations for Pennsylvanian

and Permian formations are from Ross and Tyrrell (1965) and tabulated in
Figure 3.

Pre-Earp Formations
In stratigraphic succession above the Precambrian there are 139 m
of Bolsa Quartzite, 264 m of Abrigo Limestone, 98 m of Martin Limestone,
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191 m of Escabrosa Limestone, 45 m of Black Prince Limestone, and 376 m
of Horquilla Limestone.

Earp Formation
The Earp Formation forms the low ridge and slope topography in
the northeastern corner of Figure 2.

It is composed of alternating thin

beds of shale, marl, limestone, and dolomite.

A distinctive red chert-

pebble conglomerate near the middle of the unit forms a marker horizon
throughout the range as well as in most exposures of Earp in southeastern
Arizona.

Rea (1967) suggested that this conglomerate was deposited in

channels of streams draining exposures of the red chert bearing
Pennsylvanian Naco Formation in the Superior-WinkeIman area, 160 km to
the north of the Whetstones.

The contact of the Earp with the Horquilla

is drawn where the clastic beds of the Earp become dominant over the
limestone beds typical of the Horquilla.

This transition is found near

the northeastern corner of Figure 2.

Colina Limestone
In the mapped area Colina is found in fault segments bordering
the Earp.

The massive Colina beds form ridges, peaks, and steep slopes

throughout the range.

Its lower boundary is marked by a change from the

slope-forming Earp to ledge-forming limestone beds.

A distinctive feature

of the Colina described by Creasey (1967) and Bryant (1968) is the dark
grey to black color of limestone on a fresh fracture.

Colina has a white

crystalline appearance in the study area as a result of metamorphism dur
ing intrusion of the stock.
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Epitaph Formation
Creasey (1967) divided the Epitaph into a lower dolomite member,
a middle limestone and marl member, and an upper limestone member.

His

map shows the lower member in only two small outcrops, both along faults,
in a downfaulted block located east of the Granite Peak area (sections 22
and 27, T. 19 S., R 19 E.).

The middle member lies on the Colina in all

but these two exposures in the range.
Bryant (1968) explained that the upper boundary of the Colina is
drawn where the dolomites of the Epitaph exceed limestone in abundance.
He interpreted this boundary to be one of dolomitization since it does
not maintain the same stratigraphic horizon.

Colina sections drawn in

Columns 4 and 5 of Figure 3 show that Creasey has described a thinner,
more restricted Colina than has Tyrrell.

The reader may note that the

Colina Limestone and the lower dolomite member of the Epitaph in Column
4 are similar in thickness and lithology to the upper member of the Colina
in Column 5.

Likewise, the Earp Formation of Column 4 may correspond to

the lower member of the Colina plus the Earp Formation of Column 5.

These

discrepancies apparently arise because of the subjective nature of placing
contacts within gradational changes in dominant lithologic types.

Where

present, the lower dolomite member of the Epitaph Formation may actually
be a dolomitized part of the Colina Limestone.

In the area of Figure 2

this contact is found consistently at a break in topography such as along
lower Mine Canyon.
The upper member of the Epitaph forms a distinctive ledge of
massive limestone above the weak middle member.

Creasey (1967) reported
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a 262 m thickness for the middle member and 61 m for the upper member
on the eastern side of the range.

According to Tyrrell (1957), the

upper part of the Epitaph maintains a uniform thickness in the Whetstones,
but the lower part thickens to the south and east where gypsum beds be
come more numerous.

Graybeal (1962) pointed out that if the central part

of the 380 m thick Epitaph in the southern Whetstones were deleted, the
remaining formation would be identical to that of the type section in the
Tombstone Hills.

He described the central part as consisting of 137 m of

interbedded gypsum, siltstone, and dolomite of which gypsum totals about
75 meters.

Although gypsum is not present in the type locality, the

Epitaph contains gypsum beds in the Twin Buttes area south of Tucson, the
Santa Rita, Empire, Mustang, and Huachuca Mountains of Arizona, and the
Big Hatchet Mountains of southwestern New Mexico (Anthony, 1951; Bryant,
1968; Hayes and Raup, 1968).

During middle Epitaph time, the original

anhydrite, silt, and marl were apparently deposited in more rapidly sub
siding embayments of restricted circulation in the Leonardian sea.
Creasey (1967) located a thrust fault contact between middle and
upper members on the northern side of the stock whereas Tyrrell (1957)
and the writer do not (Figure 2).

North of Mine Canyon the contact is

intruded or paralleled by granodiorite and granite sills and locally the
massive limestone beds of the upper member are underlain by about 5 m
of brecciated, but not slickensided, impure carbonate rocks.

Perhaps

brecciation took place at this relatively incompetent horizon as a re
sult of bedding plane slip during tilting of the range.
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Scherrer Formation
The distinctive indurated sandstone units of the Scherrer form
steep slopes and ridges throughout the range and sandstone float extends
far downslope from outcrop to cover underlying lithologies, especially the
middle Epitaph.

Creasey (1967) separates the Scherrer into its three lith

ologic members:

lower sandstone (104 m ) , middle limestone (42 m ) , and

upper sandstone (25 m ) .

The contact of the lower member with Epitaph is

marked by a slight topographic break underlain by thin marl and dolomite
beds of the younger formation.

Massive reddish sandstone strata form the

upper part of the lower member and contrast sharply with the medium-bedded,
dolomitic, cherty limestone beds of the middle member.

Massive sandstone

ledges of the upper member are similar to those of the lower member.
In the Whetstone Mountains as well as throughout southeastern
Arizona, member thicknesses vary substantially and hence, formation thick
ness also varies widely from the 210 m thick type section in the Gunnison
Hills.

The Scherrer type section begins at the sharp upper contact of the

Colina Limestone with about 25 m of red calcareous siltstone and lime
stone (Gilluly, Cooper, and Williams, 1954) that may be equivalent to the
missing Epitaph Formation (Tyrrell, 1957).

Gradational upper and lower

contacts is another reason for disparities in described thickness for the
Scherrer (Bryant, 1968).

Concha Limestone
Massive cherty limestone beds of the Concha sure easily distin
guished from the underlying Scherrer sandstone and the overlying Creta
ceous conglomerates or the thin-bedded Rainvalley Formation on the north
side of the stock.

Concha beds form the higher portions of the crestal
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ridge and cap the two highest peaks, French Joe Peak and Apache Peak.

On

the west side of the range, Creasey outlines a thickness of about 100 m
for the Concha, about half the thickness of a reference section of the
complete unit measured in the Mustang Mountains (Figure 3, Columns 2 and
4).

In its Gunnison Hills type locality a partial section of Concha is

found beneath Cretaceous conglomerate and its base is placed within a
limestone and sandstone sequence (Figure 3, Column 3a).

This boundary is

difficult to map accurately and is therefore placed above the uppermost
sandstone bed of the Scherrer in subsequent descriptive and map work.

Rainvalley Formation
Forming a dip slope on the ridge north of the stock in Figure 2
are about 25 m of thin limestone, dolomite, and sandstone beds assigned
to the Rainvalley Formation.

They form a subtle lithologic interlude be

tween the underlying massive Concha and the overlying basal Cretaceous
clastic sedimentary rocks.

The Rainvalley represents the youngest

Paleozoic rocks known in southeastern Arizona (Bryant and McClymonds,
1961).

Post-Paleozoic— Pre-Cretaceous Unconformity
Throughout much of the range, Cretaceous rocks lie with slight
angular discordance on an erosional surface formed on Concha Limestone or
Rainvalley Formation such as north of the stock in Figure 2.

The greatest

stratigraphic relief on this erosional surface for the entire range occurs
across the Granite Peak stock.

South of the stock in lower Mine Canyon,

Cretaceous rocks lie on Middle Epitaph, 300 m lower than the Rainvalley
in the section.

In the southern Whetstones, the unconformity is found
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higher in the Paleozoic section or on Nevadan volcanic rocks (Hayes and
Raup, 1968).
A few small normal faults alone mark the extent of tectonic ac
tivity during the post-Paleozoic— pre-Cretaceous hiatus in the Whetstones
in contrast to extensive block faulting, volcanism, and magmatic intru
sion- of Nevadan age in nearby ranges.

In the mapped area, some faults

cross Rainvalley exposures, but not the overlying Cretaceous strata.
These faults were probably involved with development of the stratigraphic
relief and topography on which the Early Cretaceous sea advanced.

Lower Cretaceous Stratigraphy
Tyrrell1s (1957) Lower Cretaceous formations are used in this re
port.

Hayes (1970a), Drewes (1971), and Simons (1972) provide valuable

analyses of Cretaceous paleogeography of southeastern Arizona.

Column 5a

of Figure 3 shows the Lower Cretaceous section exceeding 2600 m in thick
ness of which the lower 1600 m is found in the mapped area.

The formation

and names described below are presently used only in the Whetstone, Empire,
and Santa Rita Mountains; their correlation with Bisbee Group timestratigraphic units is shown in Figure 3.

Willow Canyon Formation
The Willow Canyon Formation was named by Tyrrell (1957) for its
thickest exposure along Willow Canyon on the west side of the range.

The

unit unconformably overlies Paleozoic strata with generally slight angu
lar discordance and is divided into the Glance Conglomerate member and
upper member, both of which vary greatly in thickness throughout the range
from the 125 m thick type section (Figure 3, Column 5).
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In southeastern Arizona, the basal Cretaceous conglomerate is
called Glance Conglomerate after Ransome's (1904) description in the
Bisbee area.

The Glance is typically thicker in low areas and thin in

topographically high areas of the Early Cretaceous paleogeography.

It is

therefore time-transgressive; it was deposited against hills and islands
in the Bisbee Sea regardless of the type or age of nearby sedimentation.
In the Whetstones, Glance may range from 0 to about 6 meters thick.
The upper member of the Willow Canyon consists of interbedded
sandstones, siltstones, and shales that represent a transgressive off
shore facies adjacent to shorelines receiving Glance Conglomerate sedi
mentation.

The upper member usually dominates Willow Canyon sections

(Figure 3, Column 5), but it is absent with only 1-2 m thick conglomer
atic siltstone beds of Glance between Paleozoic rocks and the overlying
limestones of Apache Canyon Formation in the area north of the stock.
Willow Canyon thickens to about 50 m including 6 m of Glance south of the
stock.

Here, Glance includes nodules of gypsum presumably derived from

erosion of the underlying middle Epitaph.

Apparently, the 300 m of

stratigraphic relief previously developed on Permian rocks was eroded to
a 50 m high hill or island by the time thin clastic sedimentation covered
it at the close of Willow Canyon time in the area now located north of the
stock.
Finnell (1970) ranked the Glance as the basal formation of the
Bisbee Group with the Willow Canyon being restricted to those beds sit
uated stratigraphically above the Glance and below the Apache Canyon
Formation.

However, Glance is included within Willow Canyon Formation

in Figures 2 and 4 of this study.
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Apache Canyon Formation
Tyrrell (1957) described a dominantly limestone sequence about
160 m thick in Apache Canyon on the west side of the range as the type
section of Apache Canyon Formation.

Its variable thickness reflects the

uneven topography upon which it was deposited.

It is only about 40 m

thick in the upper Mine Canyon area where its section is greatly expanded
by rhyodacite sills (Figure 2).

In Whitehall Canyon, south of the stock,

the formation attains a thickness of about 170 meters.
The lower contact of Apache Canyon is placed below the first
Cretaceous limestone bed.

Limestone beds can be several meters thick

and highly fossiliferous with pelecypod and gastropod remains, or they
may be black, unfossiliferous, slope forming beds that contain pyrite and
release a fetid odor when broken.

In addition to limestone, Apache Can

yon includes interbedded siItstone, shale, and sandstone beds which in
crease in number upward in the formation.
above the uppermost thick limestone bed.

The upper contact is placed
Apache Canyon Formation repre

sents the deepest water conditions and greatest transgression of the
Bisbee Sea in the Whetstone Mountains area.

Shellenberger Canyon Formation
The Shellenberger Canyon Formation dominates the topography and
stratigraphy bordering the western half of the Granite Peak stock.
Tyrrell (1957) named the formation (he wrote it "Shelleberg") for a 1325 m
thick sequence of pelitic sedimentary rocks exposed along Shellenberger
Canyon on the west side of the range.
Lying above the uppermost prominent limestone bed of the Apache
Canyon, the repetitious sequence of interbedded sandstone, siltstone, and
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shale is interrupted by local occurrences of thin fossiliferous limestone
or limestone conglomerate which are the only marine beds in the forma
tion.

The light grey sandstone beds form ledges and are often cross-

bedded with intercalated conglomerate lenses.

Siltstone and shale beds

often contain plant fossils such as at Coal Springs where a black carbon
aceous shale bed can be traced northward along the steep western wall of
Windeddy Canyon.

Prospects on this coal bed are shallow and apparently

unproductive although the remains of several rock houses nearby attest to
extended habitation.

Near the prospects, Coal Springs flows year-around

at a rate of about 5 liters per hour and is frequented by cattle despite
the strong sulfate taste of the water.
The upper contact of the Shellenberger Canyon with the Turney
Ranch Formation strikes northwesterly and is located immediately beyond
the southwestern corner of Figure 2.

In Cienega Valley, dinosaur bones

were found by E. P. Hilton about 400 m stratigraphically below the top of
the Shellenberger section (Schafroth, 1968).

Turney Ranch Formation
This formation has been eroded from the area of Figure 2, but it
is important when depth of intrusion of the Granite Peak stock is con
sidered.

Tyrrell (1957) named the formation from exposures near Turney

Ranch, now known as Clyne Ranch, on the eastern slope of Cienega Valley.
The formation is a distinctive 1000 m thick sequence of alternating light
grey sandstone and maroon shale and siltstone.
marks its basal contact.

The maroon color change

Its upper surface is covered by basin fill grav

el; the sequence may be much thicker than the described section shown in
Figure 3, Column 5.
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Correlation of Lower Cretaceous Stratigraphy
For most exposures of the sequence in southeastern Arizona, Hayes
(1970a, Figure 5) placed the base of the Bisbee Group at Early Aptian
time.

The Glance Conglomerate, Morita Formation, Mural Limestone, and

Cintura Formation in the Mule Mountains are correlated in time to litho
logically similar units in the Whetstone, Empire, and Santa Rita Mountains:
the Glance Conglomerate, Willow Canyon Formation, Apache Canyon Formation,
and Shellenberger Canyon Formation, respectively.

The boundary between

the Aptian and Albian stages is placed within the Apache Canyon Formation
and Mural Limestone sections.

The Shellenberger Canyon and Cintura are

time equivalent units and the younger Turney Ranch is shown as extending
nearly to the end of Early Cretaceous time.
Tyrrell (1957) subdivided the Lower Cretaceous section into four
new formations because correlation of Bisbee Group formations beyond the
Mule Mountains was uncertain at the time of his work.

Recent work indi

cates that the diversity of formation names applied to time-equivalent
rock-stratigraphic Cretaceous units in southeastern Arizona (Hayes, 1970a)
is unnecessary and simplification of the nomenclature should be a goal of
future work.

The Piman Phase of the Laramide Orogeny
and Upper Cretaceous Stratigraphy
Drewes (1968) refers to the disturbance which affected Lower
Cretaceous rocks and was followed by deposition of Upper Cretaceous rocks
as the early stage of the Piman phase of the Laramide Orogeny.

Hayes

(1970a) finds regional evidence that early Piman tectonism occurred
largely in Turonian time.

Erosion of the uplifted mountains in south
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eastern Arizona continued through Comanche, Santonian, and into Campanian
time and provided sediments for the Mesaverde Group of deltaic deposits
to the northeast.
During late Campanian time, a last major advance of the seas to
ward southeastern Arizona from the southeast deposited a thick sequence
of fluvial sediments in broad, deep intermontane valleys.

These sedi

ments are the Fort Crittenden Formation of the Santa Rita Mountains—
Canelo Hills— Huachuca Mountains area and its correlatives in other lo
calities.

The Fort Crittenden strata overlie, with angular unconformity,

rocks of the Bisbee Group.

However, they are similar to the Bisbee lith

ology, conditions of deposition, and variability of thickness (Hayes,
1970a).

Hayes (1970b) reports a range in thickness from 350 m to possibly

600 m for incomplete sections of Fort Crittenden in the Huachuca Mountains
and Drewes (1971) finds a similar sequence of conglomerate, sandstone, and
fossiliferous black shale more than 1600 m thick in the Santa Rita
Mountains.

In nearby areas, such as the Tombstone Hills, Whetstone

Mountains, and Empire Mountains, the Fort Crittenden and its equivalents
are missing due to nondeposition (Hayes, 1970a).
The Fort Crittenden Formation is overlain conformably by a thick
(1500 m) pile of volcanic rocks and conglomerates called the Salero
Formation (Hayes, 1970a).

Where the Fort Crittenden is missing the

Salero lies unconformably on Lower Cretaceous rocks such as the Turney
Ranch Formation in the Empire Mountains.

Schafroth (1965) informally

named the interbedded andesitic volcanic rocks and conglomerates found
there the Hilton Ranch Conglomerate (Figure 3, Column 6a), but this name
has been replaced by "Salero Formation".

The Salero is the youngest
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Cretaceous formation in southeastern Arizona and is everywhere overlain
by Cenozoic deposits.
Biotite from rhyolite tuffs within the Salero Formation has been
radiometrically dated at 72 million years (late Campanian— earliest
Maestrichtian) and the Salero is intruded by a diorite mass from which
biotite gives an age of 67 million years (Hayes, 1970a, p.24).

Volcanic

rocks similar to those of the Salero in lithology and relative age are
widespread in southeastern Arizona and southwestern New Mexico; they mark
the later stages of the Piman phase of the Laramide Orogeny.

A radio-

metric age of 74 million years for granodiorite of the Granite Peak stock
(Creasey, 1967) places its intrusion within the general period of Salero
volcanism.

Cenozoic Gravels
Cenozoic, or more accurately Recent, gravel deposits are found on
two distinct levels in the mapped area.

The younger, lower level is com

posed of gravels presently being moved in stream channels, which are down
cutting into bedrock.

The older terrace surface lies 3-4 meters above

the stream channels and is found in the lower portions of Mine Canyon,
Whitetail Canyon, and Windeddy Canyon.

In these locations the present

streams are entrenched into narrow courses flanked by steep banks of
caliche-cemented terrace gravel.

These relationships suggest that down

cutting commenced during the last century.

Haynes (1968) cites evidence

that modern arroyo cutting through grassy stream swales along tributaries
to the San Pedro River began about the year 1900.
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Gravel deposits are not shown in Figure 2 because abundant bed
rock exposures within gravel mantled areas provide sufficient control on
bedrock geology at the scale of mapping.

CHAPTER 5

IGNEOUS ROCKS IN THE GRANITE PEAK AREA

Eleven different igneous rocks, ranging from granite to basalt
but with intermediate compositions predominant in volume, have been
identified in the area mapped.

Structural forms include a composite

stock and numerous dikes and sills.

All but one phase can be assigned

relative age according to crosscutting relationships.

Structural develop

ment in the area is demonstrated by the sequence of intrusive forms.
Alteration and mineralization of each igneous phase and its host rocks
are pertinent to relative age determinations and sulfide mineralization
• history, but a complete treatment of hydrothermal activity is beyond the
intended scope of this study.
Petrographic work was done to identify the igneous rocks and to
establish any trends of composition changes.
were collected from many definitive outcrops.

Specimens for thin sections
The number of specimens

examined and the total number of points counted are indicated in the modal
composition tables as are the average and range of mineral percentages.
Plagioclase composition determinations are from combined albite and
Carlsbad twins as described by Kerr (1959).

Plagioclase phenocrysts are

used for composition determinations on specimens with aphanitic groundmass.

The igneous rock names used by Creasey (1967) are retained and

additional phases described herein are classified according to Travis
(1955).
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Rhyodacite Sills

Occurrence, Form and Geologic Relations
Bluff and ridge forming sills within the Apache Canyon Formation
northwest of the Nevada Mine are identified as rhyodacite by Creasey
(1967) or as rhyolite by Tyrrell (1957).

Their maps show these sills

extending more than 10 km northwestward from the Granite Peak stock in
the lower part of the Cretaceous section.

Creasey feels that the unit

may represent both intrusive and extrusive rocks.
rhyodacite is indeed intrusive.

In the area studied,

Near both upper and lower contacts a

faint foliation parallel to bedding is present and host rocks are therm
ally altered and mineralized with pyrite.

Each sill is largely concor

dant in form but locally may split at a low angle to bedding into several
units.

The sills range from 2 to 50 m in thickness and have greatly ex

panded the Apache Canyon and lower Shellenberger Canyon sections.

They

occur only north of the stock (Figure 2).

Petrography
In hand specimen and outcrop rhyodacite is rusty brown to cream
colored, depending on the weathered pyrite content.

On fresh fracture

tiny cubic limonite pseudomorphs after pyrite and 3 millimeter (mm)
rounded quartz and plagioclase phenocrysts are visible within a lightgrey aphanitic groundmass.

Except near the wholly aphanitic borders of a

sill, phenocrysts of quartz, plagioclase, and biotite comprise about 30%
of the rock.
In thin section quartz is the dominant mineral, occurring as in
terstitial grains less than 0.5 millimeters across and as phenocrysts
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up to 7 mm across.

In the aphanitic groundmass subhedral plagioclase and

anhedral orthoclase grains measure less than 0.3 mm.

Sericitic altera

tion of plagioclase and chloritic alteration of biotite is best seen in
phenocrysts and can be intense in some specimens.
The name rhyodacite is retained from Creasey (1967), although
the composition (Table 1) and texture of this rock suggests the name
quartz latite porphyry according to Travis (1955).

The rock specimens

collected for this study are from outcrops shown in Figure 2 and they re
flect alteration due to intrusion of the stock.

Table 1.

Modal Composition of Rhyodacite

Mineral

Average

Range

Quartz

44%

40-49%

Andesine An 40*

26%

23-31%

Orthoclase

22%

21-26%

Muscovite

6%

0-14%

Biotite

1%

Chlorite

1%

Pyrite

minor

100% (three specimens: 1500 points)
*two determinations on two specimens:

range An 35-45
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Relative Age
Rhyodacite sills intrude the Apache Canyon and basal Shellenberger
Canyon Formation and they occur much higher in the Lower Cretaceous sec
tion to the west (Creasey, 1967).

They crosscut none of the other ig

neous rocks in the Granite Peak area, but are intruded by several later
phases, particularly the 74 million year old granodiorite (Figure 7).
Thus, rhyodacite sills have a Late Cretaceous age, bracketed by the
Albian age of Shellenberger Canyon Formation and the radiometric age of
74 million years.

Granodiorite Porphyry

Occurrence, Form, and Geologic Relations
Granodiorite porphyry sills cause about 300 m expansion of the
lower Shellenberger Canyon Formation on the southern side of the stock,
but less than 50 m of expansion on the north side as determined from
cross-section sketches.

In addition, a fault is intruded by a granodio

rite porphyry dike northwest of Granite Peak and a single stratigraphic
horizon high in the Shellenberger Canyon section on the west wall of
Windeddy Canyon holds a sill of this rock (Figure 2).

Creasey (1967)

shows the sills as three large outcrops located south and southeast of
the stock, but these outcrops are actually extensive, largely concordant
sills enclosing large xenolithic lenses of Shellenberger Canyon strata.
South of the mapped area the sills become thinner and more numerous, and
they are estimated to occupy considerably less of the section than they
do near the stock.

1
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Figure 7.

Granodiorite Contact with Rhyodacite

The contact (to the right of hammer) dips 85° into a thermally
altered and pyritic rhyodacite sill near Alpine Spring in upper Mine
Canyon. Granodiorite (left) is darkly stained by spring water and oxi
dation of pyrite. The contact zone contains rounded cloths of country
rock, but the contact is sharp.
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Except for the single dike, granodiorite porphyry sills are more
concordant to bedding planes than rhyodacite sills.

The presence of long,

thin, unbroken lenses of strata within the sills suggests little struc
tural disruption during intrusion.

Close inspection of sill outcrops

reveals a fracture parting plane parallel to both phenocryst foliation and
the enclosing bedding.

Near contacts swirl-shaped foliation patterns

may be seen.
Granodiorite porphyry is easily demonstrated to occur as sills,
not volcanic flows.

Besides the foliation described above, both upper

and lower sedimentary rock contacts have been metamorphosed with intro
duction of an unidentified iron mineral, the weathered red color of which
prompted the blasting of several prospect pits by early miners.

Sedi

mentary rocks above each igneous unit differ little from those below and
clearly do not contain igneous rock cobbles or irregular erosional sur
faces.

Depending upon the local composition of Shellenberger Canyon

Formation, altered rocks include hornfels from shale, minor s k a m in
calcareous beds, and partial granitization of arkosic siltstones in which
formed euhedral plagioclase porphyroblasts a centimeter long.
Granodiorite porphyry consistently forms light-brown-colored
steep slopes and ridges between less resistant sedimentary strata.

Dip

slopes are commonly developed on the sills and interlayered sedimentary
rock xenoliths, forming peculiar outcrop patterns such as those southwest
of Tank Saddle (Figure 2).

Petrography
Weathered surfaces of granodiorite porphyry are pitted from re
moval of euhedral plagioclase phenocrysts up to 3 mm long.

Fresh surfaces
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display various shades of grey and brown speckled with white plagioclase,
black books of biotite, and a few rounded quartz grains up to half a
centimeter across.

The name of this unit is retained from Creasey .(1967)

and suggests a phaneritic porphyritic texture that is attained only in
the lower part of the largest sill.

Elsewhere, groundmass mineralogy

cannot be determined with the unaided eye and phenocrysts make up about
25% of the rock.
The aphanitic groundmass consists of interstitial quartz , euhedral
plagioclase laths, shreddy biotite flakes, and anhedral potassium feld
spar grains, all less than 0.5 mm across in the amounts listed in Table 2.
Alteration products include some sericite along plagioclase cleavages
and chlorite after biotite.

Minor epidote occurs at the contact of some

plagioclase grains with biotite.

Near Tank Saddle and in upper Mine

Canyon some exposures of granodiorite porphyry at the stock contact are
a pale pink color as a result of intense quartz-sericite-clay alteration
and minor pyrite mineralization.
Tyrrell (1957) reported an increase in plagioclase content of
his rhyolite sills as the stock is approached; all the feldspar near the
contact is andesine.

The writer is unable to substantiate this finding,

probably because both rhyodacite and granodiorite porphyry samples were
collected at the same distance from the stock in an effort to avoid the
strong alteration of sills near the stock.

Alternatively, Tyrrell's ob

servation may have been confused by the fact that he did not recognize
granodiorite porphyry.

Tables 1 and 2 show that both rock types contain

andesine as the dominant feldspar.
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Table 2.

Modal Composition of Granodiorite Porphyry

Mineral

Range

Average

Quartz

32%

25-41%

Andesine An 44*

44%

35-62%

Potassium feldspar

11%

8-14%

Biotite

9%

0.4-19%

Chlorite

4%

0.2— 7%

Epidote

minor

Magnetite

minor

100%

(six specimens: 3000 points)

*five determinations on five specimens:

range An 35-58

Relative Age
Northwest of Granite Peak a granodiorite dike crosscuts a rhyodacite sill.

The dike follows a fault which displaces a rhyodacite sill

a short distance beyond -the mapped area.

Creasey (1967) also places

granodiorite porphyry as the younger intrusion, but nowhere on his map
are crosscutting relationships indicated for the two units.

Tyrrell (1957)

combined the two sill compositions under the name rhyolite sills.

Neither

of these previous workers clearly indicate by discussion or geologic
column that the Granite Peak stock is younger than the sills, a relation
ship demanded by the present work.

In upper Mine Canyon minor magmatic
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stoping of granodiorite porphyry sills by stock gramodiorite is visible.
Dikes of the stock granodiorite into both sill rock types are shown in
Figure 2.

Additional evidence that the stock is younger than both sill

types is that the sills are everywhere altered to some extent near the
stock.

Quartz Gabbro

Occurrence, Form, and Geologic Relations
A gabbroic border phase of the Granite Peak stock remains in four
outcrops along the stock contact between Windeddy Canyon and Granite Peak.
The outcrops are as large as about 300 m by 100 m and possess contacts
with either stock or sedimentary rocks that may vary from knife-edge sharp
(Figure 8) to gradational over several meters.

The gradational contacts

with Shellenberger Canyon Formation appear, in some localities such as is
shown in Figure 9, to be caused by progressive granitization of the polit
ic sedimentary rocks.

The contact with granodiorite is gradational and

is caused by the increasing frequency of short granodiorite dikes in
quartz gabbro as the stock is approached.

Each of the dikes has fairly

sharp contacts against quartz gabbro and measure from several centimeters
to a meter in thickness.

Locally, angular (Figure 10) and rounded

(Figure 11) xenolithic cloths of quartz gabbro are found in border areas
of granodiorite.
Granitized sedimentary rocks occur within 10 m of the quartz
gabbro contact, which may be sharp along small dikes or gradational along
granitized contacts.

Isolated granitized pods are roughly oval in out

line with their long dimensions directed toward the stock, and often occur
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Along the northwestern border of the stock, shaly beds dip steeply
into the stock contact and are locally overturned. Beds top to the right
and parallel the 80° northwestward dip of the contact. Quartz gabbro
(right) contains abundant fragments of country rock within several meters
of the contact.
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Figure 9.
Formation

Quartz Gabbro Contact with Shellenberger Canyon

Assimilation and granitization of pelitic sedimentary rocks
(tan) characterizes the quartz gabbro (dark grey) intrusive contact
along the northwestern border of the stock. The tan xenoliths have
gradational borders and partly granitic texture. Medium-grey oval
shaped patterns in the host rock have granitic textured cores sur
rounded by gradational rims.
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Figure 10.

Quartz Gabbro Xenolith in Granodiorite

Angular quartz gabbro xenoliths in granodiorite are light grey
in color compared with unaltered quartz gabbro boulder (left) due to
growth of quartz and potassium feldspar grains along faint fractures in
the xenolith.
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Figure 11.

Quartz Gabbro Clots in Granodiorite

Rounded quartz gabbro fragments are found in decreasing abundance
inward as far as 200 meters from the contact in the western part of the
stock. Petrography shows these clots to strongly resemble nearby quartz
gabbro.
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along altered fractures in the sedimentary rocks.

The pods measure less

than 2 m long and have borders gradational over several centimeters to
the typical sedimentary rock.

Outcrops showing the third dimension of

some pods confirm that they are isolated and ellipsoidal in general form.
Figure 9 illustrates that pods are easily recognized by their granitic
texture.

Relic sedimentary structures commonly give the pods a faintly

banded appearance.

Similar features suggestive of granitization occur

adjacent to granodiorite contacts and are discussed under the topic Host
Rock Alteration and Mineralization in the description of granodiorite
below.

Petrography
The medium-to dark-grey color on a fresh surface of quartz gabbro
is a product of tones contributed by equigranular plagioclase and biotite
with variable amounts of quartz.

Most of the pyrite occurs as dissemir

nated cubes and specs without quartz association.

Thin section examination

(Figure 12) of specimens from the interior parts of quartz gabbro ex
posures shows that much but not all of the 8% quartz (Table 3) was intro
duced with general alteration and local silification.

Anhedral,

interstitial quartz and potassium feldspar grains up to 0.5 mm occur in
minor amounts between 1 mm labradorite laths and biotite plates.

Epidote

and chlorite are often found with quartz and pyrite as alteration products
of biotite and plagioclase.

Mafic clots believed to be derived from

quartz gabbro become progressively richer in larger plagioclase and
quartz grains inward from granodiorite stock contacts.

Figure 12.

Photomicrograph of a Thin Section of Quartz Gabbro

Twinned labradorite laths make up about two-thirds of this equigranular rock and biotite, quartz, chlorite, epidote, potassium feldspar,
and up to 5% pyrite form the remainder. Crossed nicols, X52, field of
view = 2 mm.
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Table 3.

Modal Composition of Quartz Gabbro

Mineral

Quartz

Average

Range

8%

7— 9%

Labradorite An 55*

64%

63-65%

Potassium feldspar

2%

2— 3%

16%

14-18%

Biotite
Chlorite**

3%

Epidote**

2%

Pyrite

5%

100%

(two specimens:

*four determinations on three specimens:

1000 points)

range An 52-58

**alteration products

Relative Age
A quartz gabbro occurrence located northeast of Granite Peak
sharply terminates a rhyodacite sill and is therefore the younger rock.
Although quartz gabbro is not found in contact with granodiorite porphyry,
it is placed younger than these sills on the basis of its close associa
tion with granodiorite, which crosscuts the sills.
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Granodiorite

Occurrence, Form, and Geologic Relations
The Granite Peak stock is dominantly a granodiorite mass which
has intruded the stratigraphic section, as presently exposed, from the
Colina Limestone through the Shellenberger Canyon Formation.

Figure 2

shows the east-west elongated stock and its apophyses have maximum di
mensions of 3,225 m by 1710 m with the greatest width occurring along a
longitude line passing through Granite Peak.
Granodiorite underlies much of the high and locally precipitous
relief (Figure 13), but it only flanks the highest point, Granite Peak,
which is capped by an impure sandstone bed of Shellenberger Canyon Forma
tion.

Except near Granite Peak topographically low areas mark all border

ing contacts of the stock and apophyses weather to negative relief relative
to the slightly metamorphosed host rocks.
The contacts of the stock and those of isolated granodiorite
dikes and sills are generally not difficult to map because of the dis
tinctive granodiorite gravel float produced from weathering of the weak
border areas.

Exposures which show a vertical section of the contact are

rare, but those found along the northern border (Figure 2) show that it
is steeply dipping away from the stock.

The gross regularity of the

contact in the western portion suggests a steep contact while the irregu
larity of the contact on the east suggests an intermediate dip of 55 - 60°
into the sedimentary host as was measured near the USLM 2246 marker.

The

minerals of the granodiorite do not show foliation except locally in
small dikes and sills where weakly defined foliation parallels the con
tacts.

Xenoliths are usually equant and do not occur in planar
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Figure 13.

Massive Granodiorite

High topography in the northern part of the stock results from
unaltered granodiorite with relatively widely spaced joints. The hori
zontal joint set is interpreted to result from erosional unloading. The
drainage in the foreground is underlain by an east-west trending breccia
zone. View is toward north in northwestern part of the stock.
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alignments.

The altered granodiorite border zone is composed of chlorite

replacement of mafic minerals, clay alteration of plagioclase, and lo
cally strong pyrite mineralization.

More centrally located altered areas

in granodiorite are related to later igneous events and are discussed in
later sections.
Granodioritic magma intruded the layered host rocks in a variety
of structural forms.

Figure 2 shows several lateral dikes and sills in

the eastern part of the stock.
is seen in numerous localities.

Evidence for block stoping of host rocks
The small reverse fault found south of

the David Lee Mine (Figure 2) is marked by a zone of contorted and ther=mally altered beds. This fault and a few localities where the bedding
dips away from the stock are the only features indicative of lateral or
vertical pressures exerted by the magma.

Locally, bedded rocks dip more

steeply toward the stock or are unaffected in orientation as the contact
is approached.

The steeper inward dip relationship is most uniformly ex

pressed along the eastern and northern borders of the stock.

Along the

southern contact, the massive sills were apparently more competent and
consequently were not warped by this granodiorite intrusion.

Petrography
From a distance the granodiorite appears as a medium grey to tan
mass.

Close inspection reveals that the rock color.is a composite of

dominantly light colored plagioclase, quartz, and potassium feldspar with
a significant black hornblende and biotite content.

Microscopic exami

nation shows that andesine laths compose about half of the rock (Table 4)
and are up to 10 mm long with an average length of 4 mm.

Sericite is

commonly found in small amounts along plagioclase cleavages (Figure 14).
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Plagioclase exhibits albite, Carlsbad, and pericline twins, occasionally
all in a single grain.

Quartz and potassium feldspar occur intersti-

tially and average about 1 mm in size.

Biotite books and hornblende

grains are generally less than 5 mm long but they may reach 10 mm.

The

total mafic content is fairly constant but equal contributions from bio
tite and hornblende (Table 4) axe rarely found.

Homeblende is dominant

over biotite near the stock contacts and in the smaller dike and sill
outcrops whereas toward the interior of the stock biotite is generally
more abundant.

Table 4.

The rock has a medium-grained granitic texture.

Modal Composition of Granodiorite

Average

Range

Quartz

20%

10-30%

Andesine An 47*

46%

34-55%

Potassium feldspar

15%

9-20%

Biotite

8%

3-16%

Hornblende

8%

3-12%

Magnetite, Pyrite

3%

Mineral

Sphene

minor

100%

(six specimens:

*nineteen determinations from nine rock specimens;

3000 points)
range An 32-69
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Figure 14.

Photomicrograph of a Thin Section of Granodiorite

Albite-twinned plagioclase, equigranular grey potassium feldspar,
quartz, biotite, and hornblende dominate the mineralogy of granodiorite.
This particular field of view shows unusually abundant potassium feldspar.
Crossed nicols, X52, field of view = 2 mm.
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The granodiorite contains about 3% combined opaque minerals.
Near the contacts with all later intrusive rocks and locally along the
contact of the stock, much of the opaque material is pyrite.
it is magnetite.

Elsewhere

Sphene is a rare accessory.

Tyrrell (1957) referred to the Granite Peak stock as a quartz
diorite.

The name implies a lower potassium feldspar composition than

granodiorite; it could be applied to some specimens taken from the bor
der of the stock and to many of the eastern exposures.

The distinction

in composition is slight, but the main mass has the average composition
of a granodiorite.

Relative and Radiometric Age
Field relations establish the granodiorite as being post-Early
Cretaceous, and younger than the previously described igneous rocks which
it intrudes.

Granodiorite is intruded by other igneous rocks, but they do

not further define its age.
Creasey (1967) reports a radiometric age of 74 million years for
the granodiorite.

In response to an oral request for more specific

information concerning the age date, C. Creasey kindly replied (written
communication, 1970) that a K/Ar age of 74.1 m.y. was obtained on horn
blende and 73.9 m.y. on biotite.

He also included a sample of the grano

diorite and a copy of his map showing the location from which the sample
for age dating was taken.

His mark on the map is centered between the

Nevada Mine and the Mascot Mine.

The sample provided is indeed grano

diorite and is identical to a fresh outcrop located 200 m northwest of
the USLM 2246 post.

The congruent dates obtained on biotite and horn

blende demonstrate that the granodiorite K/Ar radiometric clock was not
reset by later igneous events.
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Host Rock Alteration and Mineralization
Only the obvious alteration and mineralization features of host
rocks are noted in this report.

The alteration characteristics of ig

neous rocks older than the stock have been described in previous sections.
The Shellenberger Canyon Formation has been altered to resistant
hornfels beds of variable compositions that reflect their heterogeneity
of original composition.

Sandstone beds are metamorphosed to indurated

quartzite and may contain needles of actinolite-tremolite, the composi
tion of which depends upon the original calcite content.

Abundant epi-

dote and some garnet near the stock content mark the more calcareous beds.
Although the formation contains some diagenetic pyrite, the maroon color
of rocks at the contact suggests addition of pyrite or hematite.

The

noticeable metamorphism of the Shellenberger Canyon rocks extends to
about 200 m from the stock.
Evidence for granitization of Shellenberger Canyon rocks near
some granodiorite contacts is shown in Figure 15.

Outcrops of this forma

tion in Windeddy Canyon near both granodiorite and quartz gabbro contacts
show similar, but poorly developed, metamorphic features.

No granitized

pods are seen here, but feldspar grains in arkosic siltstone beds are
more prominent and subhedral than the tiny rounded grains found else
where in the formation.

It is possible that some portion of the space

occupied by granodiorite was provided by granitization of pelitic sedimen
tary rocks.
The impure carbonate rocks that make up the Willow Canyon and
Apache Canyon formations are altered to a silicate assemblage of epidote,
garnet, actinolite-tremolite, and diopside at the stock contact although
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Figure 15. Granitization of Shellenberger Canyon Formation near
Granodiorite Contact

Isolated, elongate irregular shapes of coarsely granular gran
odiorite are found 10 to 30 m from the intrusive contact. The photograph
shows two larger granitic masses and numerous 1-5 cm pods which possess
gradational rims against thermally altered siltstone.
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epidote is common in the Willow Canyon Formation throughout the area.
Copper mineralization has been exploited in the Nevada Mine area, the
David Lee Mine area, and in the xenolith of Apache Canyon located 300 m
southeast of the USLM 2246 survey post.

The intensity of thermal altera

tion decreases rapidly away from the contact? beyond 25 m the effects are
mainly limited to marbleization of the limestone cobbles of the Willow
Canyon which may contain actinolite-tremolite crystals.

The fault pass

ing northeasterly through the Apache Canyon south of the David Lee Mine
is marked by contorted limestone beds that are locally altered to epidote
and garnet.
The Paleozoic formations are recrystallized and bleached over a
broad area in the northeastern part of the area.

Carbonate-rich units,

the Colina, upper Epitaph, middle Scherrer, and Concha, are marble near
the contact but the calcite texture becomes sugary farther away.
nodules are fringed with tremolite needles.

Chert

The sandstone beds of the

Rainvalley are distinguished by their fine intergrowth of actinolitetremolite.

The middle and upper Epitaph members are altered to an assem

blage of epidote, garnet, and local biotite at granodiorite contacts;
nodules of gypsum 10 cm across occur pseudomorphous after anhydrite.

The

small xenolith of middle Epitaph near the road in Mine Canyon is almost
wholly composed of coarse-grained wollastonite.
The granodiorite contact with carbonate rocks is often gradational
over a distance of several meters and contains an abundance of hornblende.
In this zone, xenolithic blocks up to a meter across contain a tactite
assemblage arrested in the process of being replaced by plagioclase,
hornblende, and biotite.

The hornblende content of granodiorite decreases
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noticeably up to about 20 m from the contact and is apparently altered to
biotite at greater distances.

This evidence suggests that magmatic

assimilation of carbonate beds, of which there are 2200 m in the Abrigo
Limestone through Apache Canyon Formation stratigraphic section, probably
played an important role in providing space for the granodiorite during
its intrusion.

Xenoliths in Granodiorite
Xenoliths of sedimentary and sill rocks, quartz gabbro, and Precambrian basement rocks are found in granodiorite.

The most common type

are rounded, dark-colored clots up to 20 cm across but predominantly less
than 10 cm.

Clots occur sporadically within 200 m of the western contact

of the stock and throughout its eastern part.

Locally, clots may com

prise over 50% of an outcrop at the contact (Figure 11).

In hand specimen

and thin section clots are virtually identical to the quartz gabbro border
phase of the northwestern part of the stock.

Their darker color is due to

the abundance of grey labradorite, fine biotite, and hornblende grains in
an equigranular fine grained texture.

A few hornblende and andesine

grains up to a centimeter long in the more granitized specimens found
farther from the contact give them a porphyritic texture.

In outcrop the

clots have sharp contacts, but under the microscope the contacts seem to
be gradational over several millimeters and are characterized by a de
crease in mafic content and an increase in plagioclase and quartz grain
size up to that of granodiorite.
The abundance of quartz gabbro clots along the stock border sug
gests a much more extensive occurrence of quartz gabbro before
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granodiorite intrusion than that now seen on the surface since these
xenoliths were probably derived from disintegration and assimilation of
quartz gabbro.
Figures 8 and 9 show typical quartz gabbro contact relationships
with Shellenberger Canyon Formation.

Granitization of pelitic sedimen

tary beds and xenolithic fragments of stoped country rock characterize
the contact.

This evidence suggests that quartz gabbro originated by

solidification of a reactive melt, not by a metasomatic process.

Figure

10 illustrates the effect of granodiorite metasomatism on quartz gabbro.
Granodiorite intrudes quartz gabbro as numerous small dikes of variable
orientation in contact zones several meters wide, thereby producing
abundant stoped block xenoliths (Figure 11).

Assimilation reactions by

granodiorite on angular quartz gabbro xenoliths progressed more rapidly
on corners and edges to produce spherical clots.

Physical abrasion dur

ing magmatic transport probably made a diminutive contribution to round
ing of xenoliths.

Quartz in quartz gabbro evidently originated from

both metasomatism by granodiorite and assimilation of quartz-bearing
sedimentary rocks.

Individually and in aggregations the xenoliths rarely

define a planar structure or foliation although one ellipsoidal specimen
in the western part of the stock shows a near-vertical dip along a north
west strike (Figure 2).

No direction of magmatic movement could be ascer

tained from these clots but their decreasing population to 200 m inward
from the contact indicates some lateral migration or mixing.
Blocks of carbonate rocks occur as xenoliths near the borders of
the eastern part of the stock.

They are invariably thermally altered to

a tactite mineral assemblage and locally mineralized with sulfides.

The
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occurrence of the granitic minerals hornblende, plagioclase, and biotite
in carbonate rocks attests to partial granitization of these rocks.

Some

angular stoped blocks of sill material possess faded, gradational con
tacts with granodiorite that also suggest that granitization of country
rock provided some of the space occupied by the stock and a portion of
its chemical constituents.
Two xenoliths in the southwestern part of the stock are believed
to be Precambrian alaskite porphyry and Pinal Schist (Figure 2).

The

alaskite porphyry xenolith (Figure 16) contains 5 cm long orthoclase
grains that define a vertical foliation parallel to the long dimension of
the xenolith.

It is intruded by small granodiorite dikes that crosscut

the foliation.

The pink alaskite porphyry is composed of orthoclase (70%)

in a medium-grained matrix of quartz (20%), cordierite (5%), biotite (2%),
and minor sillimanite, magnetite, and zircon.

Quartz grains are replaced

by cordierite and orthoclase grains contain sillimanite needles.

Biotite

occurs as masses a few millimeters across and may have been introduced
by metasomatism.

The xenolith of greenish-grey schist has a contorted

foliation that is composed of bands of potassium feldspar (60%), cordier
ite (15%), 5 mm long andalusite blades (10%), magnetite (5%), sillimanite
(5%), and minor plagioclase, biotite, muscovite, clay, and zircon.

Silli

manite needles average 2 mm in length and cross the fine-grained matrix
minerals (Figure 17).
The mineral assemblages and textures of these xenoliths may be
used to determine their metamorphic rank.

Textures show a greater stabil

ity for the orthoclase-cordierite-sillimanite assemblage than for the re
actants andalusite-plagioclase-biotite which places the metamorphic rank
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Figure 16.

Alaskite Porphyry Xenolith in Granodiorite

Pink orthoclase grains up to 10
mineralogy of this distinctive foliated
tains tiny dikes of granodiorite at the
at least 3.5 km through the sedimentary
to its present position.

cm long and quartz dominate the
Precambrian granite which con
contact. Magmatic transport of
section brought this xenolith
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Strong foliation in this specimen is formed by andalusite laths
(center to lower left and upper left), acicular sillimanite needles, and
minor aligned biotite and muscovite. Potassium feldspar and cordierite
make up the groundmass. Crossed nicols, X52, field of view = 2 mm.
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of the xenoliths in the high temperature (600-650°C), lower pressure
(3 kilobars) field of the almandine-amphibolite metamorphic facies (Turner
and Verhoogen, 1960).
The alaskite porphyry and schist xenoliths are believed to be
Precambrian in age because Precambrian alaskite of very similar composi
tion and texture to the xenolith is found intruded into Pinal Schist in
the northeastern part of the range (Creasey, 1967).

Tyrrell (1957) de

scribes the Pinal Schist as a dark colored, weakly foliated quartz and
mica metasedimentary rock that originally formed a series ranging in
composition from arenaceous shales to coarse sandstones.

Although some

beds in the Cretaceous section fit this description and could conceivably
be metamorphosed and foliated to the mineralogy and texture of the schist
xenolith, no evidence of this type of metamorphism is seen anywhere along
the contact of the stock.

The granodiorite between the large xenoliths

contains many small schist fragments suggesting that alaskite and schist
were once attached in their original Precambrian terrance.

The xenoliths

were carried by the magma at least 3.5 km through the sedimentary section
to their present stratigraphic horizon in the stock as shown in crosssection AA' of Figure 4.

Aplite Dikes

Distinguishing Characteristics
Two stages of fine-grained dikes of granite composition are
identified in the area.

The earlier aplite is related to and occurs only

in granodiorite whereas the later granite dikes are widely distributed
and followed quartz monzonite porphyry intrusion and formation of the
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breccia zones.

Aplite dikes are shown in Figure 2 with exaggerated thick

ness; they represent diagrammatically a large number of dikes distributed
within several hundred meters of the stock contact.

The aplite dikes

are consistently less than 10 cm thick and show one or more of:

a low

angle of dip, a curving plane of intrusion which is not strongly joint
controlled, a distinctive light pink orthoclase color, few or no mafic
minerals, vacant quartz-lined vugs, and 1-2% magnetite content.

In con

trast, the granite dikes are generally much thicker, are strongly joint
controlled, and have several percent of mafic minerals.

Assessory iron

bearing minerals in the granite are most commonly pyrite and minor chalcopyrite.

Despite these criteria, it is sometimes difficult to determine

whether a small aplitic dike is of the earlier or later stage.

Petrography
In thin section, the aplite is an equigranular mass of orthoclase
and quartz with very minor plagioclase, magnetite, biotite, and rare
sphene (Table 5).

The quartz and subhedral feldspar grains have an aver

age size less than 0.5 mm; in the middle of a dike, the grains may ap
proach a centimeter across.

The plagioclase grains are albite twins with

low but uncertain maximum extinction angles; they may be oligoclase.

With

in a centimeter or two of the aplite contact, granodiorite is silicified
and contains several percent magnetite.

Relative Age
The early aplite dikes intrude only the granodiorite and are
crosscut by many subsequent structural features and igneous rocks.

They

were emplaced during the time of cooling of the largely unstructured

z'
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Table 5.

Modal Composition of Aplite Dikes

Mineral

Range

Average

Quartz

35%

31-40%

Oligoclase

4%

2- 6%

Orthoclase

58%

53-57%

Biotite

1%

Magnetite

2%

Sphene

minor

100%

(two specimens:

500 points)

granodiorite mass and during the earliest development of the strong
northeast structural grain now seen in the area.

This conclusion is in

dicated since aplite fills randomly oriented fractures as well as north
-easterly striking steep joints.

Quartz Monzonite Porphyry

Occurrence, Form, and Geologic Relations
The indication that quartz monzonite porphyry occurs as two large
northeasterly striking dikes (Figure 2) is based primarily on petrograph
ic identification and secondarily on field relationships.

The quartz

monzonite porphyry is quite similar to the granodiorite in hand specimen,
but can be reliably distinguished from it in thin section.

In an effort
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to establish the limits of the two rock types, thirty-eight samples were
collected in the eastern half of the stock.

Twenty-one of these proved

to be quartz monzonite porphyry when examined under the microscope.

The

quartz monzonite porphyry is strongly jointed in a northeast direction,
and the joint surfaces are coated with introduced and alteration minerals
(Figure 18).

Its contact with granodiorite is everywhere a topographic

break underlain by a crumbly altered zone about 10 m wide (Figure 19).
The contact is rarely clearly seen but is believed to be steep and can
be approximately located on aerial photographs by the topographic break
which encloses a more positively weathered area of strong northeast joint
ing.

With the aid of aerial photographs, the boundary of quartz monzonite

porphyry was drawn by including the sample locations of this rock type
within the boundary.

The outcrop pattern thus formed suggests that the

quartz monzonite porphyry dikes may be the upper portions of a stock
within the granodiorite mass.
a composite pluton.

The Granite Peak stock may, therefore be,

The cross-sections in Figures 4 and 5 illustrate a

possible configuration of subsurface relationships.
The contact between quartz monzonite porphyry and granodiorite
which prompted the search for boundaries between the two rock compositions
is seen at the shaft near the southwestern end of the quartz monzonite
porphyry outcrop.

The mafic minerals in the younger unit are aligned

parallel to the sharp contact and form a 4 cm thick foliated band.

Else

where the quartz monzonite porphyry shows no disceraable primary internal
structures.

At this location the granodiorite is mineralized with pyrite

and shows weak sericitic and chloritic alteration.
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Figure 18.

Mineralized Joints in Quartz Monzonite Porphyry

Strongly developed northeast striking joints and veinlets near
the Black Oak Mine carry pyrite, chalcopyrite, and minor bornite and
molybdenite with quartz and calcite gangue minerals. Partial oxidation
of sulfides produces green malachite and brown limonite. Vertical
dimension of view is 3 meters.
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Figure 19.

Quartz Monzonite Porphyry Contact with Granodiorite

Argillic alteration of crumbly granodiorite (right) characterizes
the contact with the more competent quartz monzonite porphyry.
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Petrography
Quartz monzonite porphyry is pinkish-tan in color because of its
greater potassium feldspar and lesser plagioclase and mafic mineral con
tent than the gray granodiorite.

The primary differences between the

two are in modal mineral composition (Table 6), texture, and sulfide con
tent.

Plagioclase, biotite, hornblende, and some potassium feldspar

grains form phenocrysts up to 3 mm long in a matrix composed of predomi
nantly potassium feldspar and quartz less than 0.3mm across.

As pheno

crysts, the feldspar grains are euhedral whereas in the groundmass they
are subhedral.

Identification of original mineralogy in hydrothermally

altered specimens is difficult.
potassium feldspar.
sine.

Carlsbad

twinning is commonly seen in

Albite and Carlsbad twinning are combined in ande-

The quartz monzonite porphyry has a fine-grained porphyritic tex

ture (Figure 20).

Table 6.

Modal Composition of Quartz Monzonite Porphyry

Mineral

Average

Range

Quartz

28%

22-37%

Andesine An 41*

31%

24-38%

Potassium feldspar

30%

24-34%

Biotite

6%

3-11%

Hornblende

4%

0- 7%

3

Pyrite Chalcopyrite

. 1%

.

100%.
*seven determinations on 4 specimens:

(six specimens 2 3000 points)
range An 33-44

Figure 20.

Photomicrograph of a Thin Section of Quartz Monzonite

Porphyry

Grey potassium feldspar and albite-twinned plagioclase containing
flecks of yellow sericite are both embayed by quartz grains (white).
Biotite grains (brown) are largely altered to chlorite. Crossed nicols,
X52, field of view = 2 mm.
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Relative Age
Quartz monzonite porphyry has intruded, altered, and mineralized
the granodiorite stock and early aplite dikes.

Its close spatial associ

ation with the granodiorite strongly suggests that it originated as a
later differentiate from a parent magma common to both rock types.

The

northeasterly trend of the quartz monzonite porphyry outcrops indicates
that it intruded during the period of northwesterly directed tension that
is believed to have commenced while the granodiorite was cooling and
fracturing along directions primarily perpendicular to the tensional
stress.

Quartz monzonite porphyry is fractured in the breccia zones

and is crosscut by granite and basalt porphyry dikes.

The assignment of

a Laramide age to this., rock is based on its intrusion during development
of the relatively limited structural expression of this revolution in
the Whetstone Mountains.

Alteration and Mineralization
Outcrop and drill core specimens of quartz monzonite porphyry
and adjacent granodiorite contain nonpervasive alteration assemblages
consisting of argillic, potassic, and local sericitic alteration with
weak sulfide mineralization almost everywhere along their mutual con
tact.

Almost without exception, northeast vertical joint surfaces within

and near quartz monzonite porphyry are veinlets coated with introduced
quartz— carbonate— sulfide minerals and bordered by a variable assemblage
of alteration minerals that grades to fresh rock over a centimeter in
most specimens, although in some, alteration extends to 5-10 cm on each
side of the veinlet.

The veinlets are usually a few millimeters thick,

but they may reach 2-3 cm and carry significant sulfide content.
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The sulfides seen at the surface are pyrite, chalcopyrite, and
molybdenite.

Tetrahedrite, bornite, secondary chalcocite, sphalerite,

and galena are found in drill holes for some intervals (Figure 5).
Weathering of the mineralized fracture surfaces has leached and oxidized
the sulfides to form maroon limonite, malachite, and azurite.

Several

specks of native copper were seen in a core specimen from drill hole 7.
Although pyrite is disseminated in small amounts throughout the quartz
monzonite porphyry, only rarely are the other sulfides disseminated
beyond the mineralized joints.
The introduced gangue minerals in the outcropping veinlets are
quartz, calcite, and siderite with ankerite, zeolite-pumpellyite minerals
and hematite in drill holes.

Siderite , ankerite, and some calcite are

texturally later than the sulfides and quartz mineralization and are
related, in part, to the time of breccia zone formation.
Alteration of veinlet wallrocks becomes more intense northeast
ward in quartz monzonite porphyry exposures.

At the southwestern termi

nation of quartz monzonite porphyry, the alteration borders to veinlets
are only a few millimeters thick and are composed of slightly sericitized
plagioclase, clay, and chlorite pseudomorphs after mafic minerals.

Near

the Black Oak Mine, some quartz veinlets are bordered by orange potassium
feldspar which has flooded propylitized wallrocks.

The potassium feld

spar altered zone bordering a veinlet at this location locally grades
into weakly sericitized and argillized rock or may coalesce with the
altered zone bordering an adjacent veinlet.
the northeast veinlets are rare.

Micro-veinlets connecting

Secondary biotite occurs in quartz

monzonite porphyry near the Nevada Mine and in drill hole 2 (Figure 5C).
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Tiny shreds of biotite occur within the feldspars and along fractures
with quartz and sulfides.
At the Nevada Mine, the impure carbonate rocks of the Rainvalley,
Willow Canyon, and Apache Canyon formations have been altered to a
garnet-epidote-calcite-diopside assemblage and mineralized with pyrite,
chalcopyrite, and minor bomite.

The small outcrop of Shellenberger

Canyon Formation in Tank Saddle has been similarly altered and mineral
ized.

The nearby granodiorite porphyry sill has been sericitized and

silicified.

Its faint orange-tan color is due to weathering of pyrite

specks.
The volume of altered rock and the grade of mineralization are
proportional to the frequency of mineralized fractures in a given volume
of rock.

The only significantly mineralized fractures are those steeply

dipping joints that strike northeastward.

Joints of this orientation

occur throughout the area of Figure 2 but attain their maximum frequency
of 75-100 per meter in the vicinity of the Black Oak Mine.

Their fre

quency decreases to 10-25 per meter for the remainder of quartz monzonite
porphyry outcrop and less than 10 per meter in the adjacent granodiorite.
The highest grade mineralization intercepts in the inclined drill holes
shown in Figure 5 can be projected to the surface and if continuity is
assumed, be connected for the purpose of reserve estimation which is
considered below.

From surface inspection and from drill hole logs the

pyrite to chalcopyrite ratio in this zone is estimated at less than 10 : 1;
elsewhere it is greater.
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Quartz Latite Porphyry Dike

Occurrence, Form, and Geologic Relations
A sample collected to aid definition of quartz monzonite porphry
limits near the Black Oak Mine possesses an aphanitic groundmass in which
are prominent quartz and sericitized plagioclase phenocrysts.

Figure 21

shows the silicified, prominent small dike in crumbly weathered host
quartz monzonite porphyry.

It could not be traced along its northeast

erly strike more than 30 meters because of float cover.

This exposure is

the only one known of this rock; it was not seen in drill holes.
Sericitic alteration and silicification quartz monzonite porphyry
host rock extends to 20 centimeters from the dike borders.

Quartz, py-

rite, and chalcopyrite mineralization fills a few micro-veinlets in rhia
small exposure.

Petrography
The single specimen has a mineralogical composition of about 37%
quartz, 29% potassium feldspar, 24% plagioclase, 8% chlorite after
biotite and hornblende, and 2% sulfides.

Most of the quartz occurs as

0.1 mm grains in the groundmass with some as frequently embayed pheno
crysts to 5 mm (Figure 22), and a small portion in micro-veinlets.

Po

tassium feldspar dominates the groundmass mineralogy and also occurs as
scattered grains to 1 mm.

Plagioclase phenocrysts are strongly serici

tized and their composition cannot be determined.
lie within millimeters of micro-veinlets.

Almost all sulfides
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Figure 21.
Monzonite Porphyry

Quartz Latite Porphyry Dike in weathered Quartz

This single outcrop of quartz latite porphyry occurs as a north
east-striking dike in a strongly developed joint set of the same orienta
tion.
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Figure 22.

Photomicrograph of a Thin Section of Quartz Latite

Porphyry

Phenocrysts of embayed quartz (top) and sericitized plagioclase
(left) are set in a silicified aplitic groundmass of quartz, potassium
feldspar, chlorite pseudomorphs after mafic minerals, and pyrite. Crossed
nicols, X52, field of view = 2 mm.
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Relative Age
The small dike fills a northeast striking joint in quartz monzonite porphyry and is crossed by mineralized micro-veinlets similar to
those in the host.

Although crosscutting relations with other rocks are

not found, the dike is believed to be broken by a breccia body a short
distance northeast of its outcrop.
The distinctive embayed quartz phenocrysts in quartz latite
porphyry are unlike quartz grains in the host rock.

Although these

rocks have similar compositions, the aphanitic phase cannot be a chilled
equivalent of the phaneritic phase.

However, their derivation from a

common parent magma system seems likely.

Breccia Zones

Definition
The breccia zones are structurally guided and intimately related
in time to quartz monzonite porphyry intrusion.
shown in Figure 2.

Their distribution is

Most of the rock fragments within the breccia zones

are broken by variously oriented fractures.

In some localities the

greatest intensity of fracturing, forming rock fragments less than a
centimeter across, is found near the median and in other places near a
border of the zone (Figure 23).

In most places the rock fragments have

moved only a short distance and those seen in outcrop can be rotated
and restored to an original location in the wall (Figure 24).
The severely broken rocks in the breccia have been intensely and
pervasively altered to a quartz-clay-calcite-sericite assemblage (Figure
25).

No original minerals, other than fragments of quartz, can be

Figure 23.

Breccia Zone in Granodiorite

The breccia zone in Broken Rock Saddle contains angular grano
diorite fragments in a silicified matrix of rock flour, weathered ankerite,
and calcite.
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Figure 24.

Brecciated Quartz Monzonite Porphyry

Closely spaced fractures filled with ankerite, calcite, and
quartz characterize the breccia zone near the Black Oak Mine. Oxidation
of siderite on weathered surfaces produces the brown limonitic color of
fractures.
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Figure 25.

Photomicrograph of a Thin Section of Breccia

Brown oxidized ankerite and white to cloudy calcite fill inter
stices between silicified and argillized granodiorite fragments. Plain
light, X52, field of view = 2 mm.
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recognized.

In thin section the texture of altered minerals is retained

in the larger, relatively unbroken blocks.

The color of the altered

fragments is cream white.
The fracture filling in relatively unbroken rock and the matrix
in which fragments are suspended in highly brecciated rock consists of
fine grained quartz, brown ankerite, calcite, dolomite, and rare pyrite
and chalcopyrite.

The matrix weathers to a dark brown and the ankerite

is decomposed to yellow limonite, white calcite, and minor black man
ganese oxide stain.

Texturally, ankerite borders the fragments, locally

forming 1 cm rhombic crystals having curved faces between which the other
minerals were deposited.

Occurrence and Form
The two elongate breccia zones shown in Figure 2 are oriented
east-west throughout much of their exposure.

They narrow toward their

western ends and terminate as faults of small displacement.

The northern

fault dips steeply to the north and has slickenside grooves plunging
21° west.

The southern breccia zone is 1175 m long and attains a maxi

mum width of 80 m.

Its linear outcrop across the topography indicates

that it is oriented vertically.

The longer zone forms a more sinuous

pattern 2150 m in length and ranges in width from 75-100 m in its western
exposures to a maximum of 200 m in its eastern part.

The broader,

irregular outcrops of this breccia zone in the vicinity of the Black Oak
Mine as well as its intercepts in drill holes (Figure 5) indicate that
the zone is dipping at a moderate angle southwestward in this area.

The

dip of this zone steepens northwestward toward Broken Rock Saddle and
becomes vertical in its western part.

The two breccia zones are largely
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tabular bodies which probably join at depth as drawn in Figure 4.

The

breccias consistently form slopes and topographically low areas.

Relative Age
The breccia zones cross quartz monzonite porphyry and probably
quartz latite porphyry and they fracture the mineralized veinlets.

Gran

ite and basalt porphyry dikes cross breccia zones without disruption.
Compared with nearby sulfide bearing unbrecciated rock in the Black Oak
Mine area, the breccia zone contains few sulfides or the weathered
products of sulfides.

However, the strongest mineralization in drill

hole 2 (Figure 5C) coincides with the breccia.

Carbonate veinlet gangue

is texturally later than quartz and sulfides in veinlets where the two
assemblages occur together.

Breccia origin is discussed below.

Granite

Occurrence, Form, and Geologic Relations
Fine-grained pink granite dikes and sills less than 25 m thick
are found within and near the Granite Peak stock.

Figure 2 shows that

they frequently strike northeasterly and they are concentrated in the
southwestern part of the stock.

The dikes are moderately to steeply

dipping and have sharp contacts (Figure 26).

Granite dikes weather

slightly more positively than granodiorite and negatively in relation to
other host rocks.

A granite sill lies against a granodiorite sill lo

cated north of the east end of the stock and another sill occurs south
east of the David Lee Mine.
Pyrite and chalcopyrite grains occur as disseminations in gran
ite and nearby host rocks.

In localities where the sulfide content
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Figure 26.

Granite Dike in Granodiorite

The photograph shows that this thin granite dike has local white
aplitic borders.
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reaches several percent, the granite is silicified and the igneous wallrocks are moderately sericitized and argillized.

Petrography
The predominantly orthoclase and quartz composition (Table 7) of
the granite gives the rock its pink color on a fresh fracture and the
oxidized pyrite gives an orange color to weathered outcrops.

Granite is

composed of equigranular (0.5-1 mm) orthoclase, quartz, and andesine with

Table 7.

Modal Composition of Granite

Mineral

Average

Range

41%

38-44%

7%

1-12%

48%

42-53%

Biotite

3%

1- 4%

Pyrite

1%

Quartz
Andesine An 37*
Orthoclase

Hornblende

minor

Magnetite

minor

Schorlite

minor

Sphene

minor

100%

(five specimens: 2500 points)

*four determinations on four specimens:

range 31-48
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biotite plates up to 3 mm lying adjacent to magnetite grains.

An inter

growth of quartz and orthoclase along the latter mineral's cleavage di
rections gives some specimens a micrographic texture under the microscope
(Figure 27).
Most outcrops of granite are fresh but some are altered and
mineralized.

The alteration minerals orthoclase, sericite, clay, chlorite,

and black schorlite are accompanied by quartz veinlets, general silicification, and disseminated pyrite and chalcopyrite.

The tourmaline and

orthoclase flooding appear to have formed along discontinuous, randomly
oriented microfractures.

Some specimens include pegmatitic pods a few

centimeters across composed of coarse orthoclase, quartz, and schorlite.

Relative Age
Granite dikes intrude granodiorite and quartz monzonite porphyry
and cross the breccia zones without disruption.

Basalt porphyry dikes

crosscut a pair of granite dikes in the southwestern part of the stock
(Figure 2).

The granite is believed to be a felsic differentiate of the

parent magma from which the granodiorite and quartz monzonite porphyry
were derived because of the close spatial occurrences of these rock
types.

Basalt Porphyry

Occurrence, Form, and Geologic Relations
A dozen dikes of dark grey basalt porphyry are found within and
near the stock.

They generally have steeply dipping, sharp contacts and

Figure 27.

Photomicrograph of a Thin Section of Granite

Intergrowth of quartz (white) and orthoclase (grey) along the
latter mineral's cleavage produces this micrographic texture which is
seen in some specimens of granite. Crossed nicols, X52, field of view
= 2 mm.
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a northeasterly strike.

The tabular form of these dikes closely parallels

the most prominent joint orientation in adjacent wallrocks.

Basalt por

phyry contains several percent of pyrite and chalcopyrite and has mineral
ized and argillized its host rocks in many places several meters away
from the contact.

The greatest sulfide content is found in the portions

of dikes nearest the granodiorite— Shellenberger Canyon contact in the
southwestern part of the stock (Figure 28) and in the small exposure on
the western wall of Windeddy Canyon.

In these locations, the sulfide

content is estimated at 10% with pyrite and chalcopyrite grains forming
blebs up to 2 cm across.

The sulfides are disseminated in the dikes and

are not preferentially associated with fractures.
The dikes weather in negative relief with respect to all wallrock
types, the dikes are found in topographic saddles from which their dark
grey float is easily recognized against the other igneous rocks.

Weath

ered surfaces of basalt porphyry are generally coated with brown limonite
due to oxidation of the sulfides.

Petrography
Megascopic minerals seen in a freshly fractured specimen of ba
salt porphyry are plagioclase, biotite, hornblende, and pyrite.

The

euhedral phenocrysts attain lengths of 4 mm and compose up to one-quarter
of the rock.

Plagioclase phenocrysts form curving schlieren structures

near the contacts of several dikes (Figure 29).

In thin section the

aphanitic (less than 0.2 mm) groundmass is composed of thin labradorite
laths, biotite, pyrite, and minor potassium feldspar (Figure 30).

Quartz

occurs as masses a few millimeters across and is associated with sulfides
and altered minerals.

Where mineralization is strong, moderate
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Figure 28.

Pyritic Basalt Porphyry

Basalt porphyry dikes near the southwestern border of the stock
locally contain up to 10% pyrite, minor chalcopyrite, and quartz in
blebs and open vugs.

Figure 29.

Basalt Porphyry

Irregular concentrations of plagioclase phenocrysts are common
in these dike rocks.
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Figure 30.

Photomicrograph of a Thin Section of Basalt Porphyry

This pyritic specimen has strongly altered plagioclase phenocrysts (lower right) near secondary quartz (right) in a groundmass of
plagioclase laths, chlorite, and biotite. Crossed nicols, X52, field
of view = 2 mm.
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sericitization and argillization of plagioclase and chloritization of
biotite and hornblende are the alteration assemblages.

Table 8 provides

the average mineral composition of unaltered basalt porphyry.
The plagioclase composition of basalt porphyry becomes more
sodic toward the interior of the stock.

Five determinations from 3

different dikes located north of Tank Saddle give an average value of
An 46.

These dikes are lighter in color than their extensions and other

dikes located farther west near the contact or beyond the stock where
the average plagioclase composition from 10 determinations on four dikes
is found to be An 62.

The interior dike samples also contain large em

bayed quartz grains and potassium feldspar that may have been derived
from the host rocks.
The differences in plagioclase composition along northeasterly
striking basalt porphyry dikes can be attributed to contamination of the
mafic magma by minerals from the more sodic host rocks.

The extent to

which assimilation reactions might have occured to evenly distribute
the additional elements among the plagioclase phenocrysts depends on the
length of time that the magma was in contact with the contaminating min
erals.

The explanation preferred by the writer is that the upward moving,

labradorite-rich magma traversed less of the stock during intrusion and
formation of the dikes near the stock border than those at more interior
locations.

If this interpretation is correct, then the southwestern

contact of the stock dips northeastward and tilting of the originally
vertical stock toward the southwest was virtually completed by the time
of basalt porphyry intrusion.

Additional evidence for the period of
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tilting and the present orientation of the Granite Peak stock is provided
in the next chapter.

Table 8.

Modal Composition of Basalt Porphyry

Mineral

Range

Average

3%

2- 5%

Labradorite An 57*

69%

58-88%

Potassium feldspar

1%

0- 2%

16%

6-20%

Hornblende

6%

1-14%

Pyrite, Chalcopyrite

4%

1-10%

Quartz

Biotite

100%

(six specimens:

*fifteen determinations on 7 specimens:

3000 points)

range An 41-89

Relative Age
Basalt Porphyry dikes crosscut quartz monzonite porphyry and gran
ite dike exposures (Figure 31).

Their occurrence only within and near

the stock suggests that they may be related to the parent magma from
which many of the other igneous rock types in the area were derived.
They represent the youngest igneous rock type clearly related to igneous
events which formed the stock.
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Figure 31.

Basalt Porphyry Contact with Granite and Granodiorite.

A small basalt porphyry dike approximately follows the contact
of a granite dike (top) in granodiorite (bottom).
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Rhyolite Vitrophyre

Occurrence, Form, and Geologic Relations
A single 800 meter-long dike composed of sanidine phenocrysts in
a glassy matrix is found in the southeastern corner of Figure 2.

Folia

tion in the dike and its arcuate outcrop across Mine Canyon indicate that
it dips about 50° southeastward (Figure 32).

Where the dike crosses the

gypsiferous marl beds of the middle Epitaph it contains vacant vugs up to
5 cm across, especially near its contacts which are lined by clots of an
hydrite .

Petrography
The rhyolite vitrophyre has a brown color on weathered surfaces
and a pinkish-tan hue on fresh surfaces.

White feldspar grains up to 3 mm

long and black biotite plates up to a centimeter are the only megascopic
minerals.

Microscopic examination reveals that the groundmass is com

posed of devitrified siliceous glass with undulatory and fan-shaped ex
tinction patterns.
of glass.

All of the sanidine grains are surrounded by envelopes

Quartz grains are faintly recognizable in the glass while the

clear euhedral sanidine crystals are often oriented to show their octa
hedral symmetry.

Some of the sanidine grains are embayed by glass,

others by colloform masses of clay.

A point count of the material in one

specimen shows that it contains 58% quartz and glass, 33% sanidine, 4%
biotite, and 5% clay.

According to Travis (1955) a porphyritic rock of

this composition would be called a rhyolite vitrophyre.
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Figure 32.

Rhyolite Vitrophyre Dike

This photograph shows a view southeastward across lower Mine
Canyon toward the prominent dike in Permian Epitaph Formation.
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Relative Age
The youngest rock unit crosscut by the dike is the Lower Creta
ceous Apache Canyon Formation.

It is in contact with no igneous rocks.

The presence of gas vugs in the dike and its matrix of glass both suggest
conditions of low lithostatic pressure and low host rock temperature at
the time of intrusion.

These conditions would be met within a few hun

dred meters of the surface and thus either a Lower Cretaceous, post-Apache
Canyon time or a Tertiary age is indicated for the time of intrusion.
On the basis of regional correlation the rhyolite vitrophyre is
considered Late Tertiary in age.

Schafroth (1965) describes several

rhyolite intrusive units on the southeastern flank of the Empire Moun
tains.

Here rhyolite has intruded along post-Lower Miocene— pre-Pliocene

faults and it contains embayed sanidine phenocrysts set in a glassy
matrix.

A photomicrograph of the rhyolite shown on page 47 of his re

port is very similar to that in the study area except for the lack of
euhedral sanidine.

An interesting characteristic of the rhyolite in the

Empires is that it contains exotic blocks of Rainvalley Formation in
juxtaposition to beds of the Willow Canyon Formation, which is 1900 m
thick in that area.

The altered exotic blocks are interpreted to have

been carried with the upward-intruding magma by a fluidization process.
Creasey (1967) shows one outcrop of rhyolite located north of Interstate
10 that is not described but appears to be intrusive into Tertiary ande
site flows.
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Petrology of Igneous Rocks
The sequence of eight Late Cretaceous and Laramide age igneous
rocks can be related to differentiation and partial contamination of a
granodioritic parent magma.

Figure 33 illustrates that the first three

intrusive rock types form a sequence becoming more calcic with concomi
tant decreasing quartz and potassium feldspar.

This trend is believed to

result from contamination of the magma by calcium rich wall rocks.

Evi

dence has been presented for granitization, assimilation of stoped blocks,
clots, and xenoliths, and tactite reactions, including partial graniti
zation, with carbonate rocks.

The magma traversed over 2 km of carbonate

rocks to solidify as granodiorite in its present stratigraphic position.
Quartz gabbro appears to be a particularly reactive border phase to
granodiorite.
The sequence quartz gabbro— granodiorite— quartz monzonite por
phyry— quartz latite porphyry— granite is one of increasing quartz and
potassium feldspar content with decreasing sodic plagioclase content.
This trend could represent differentiation within and intrusion from a
parent magma at depth.

Following quartz latite porphyry intrusion, base

metal rich volatiles were expelled from the crystallizing melt at depth
and traveled upward along the northeasterly trending tension joints and
faults within and near the quartz monzonite porphyry mass, altering the
wallrocks and precipitating sulfide and gangue minerals enroute.

Some

time after mineralization carbon dioxide rich volatiles accumulated in
the solidified shell of the stock and were rapidly released to form the
breccia zones by fracturing and altering the stock along escape channels.
Somewhat later granite dikes, a felsic differentiate of the postulated
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Quartz

opTite \

Plagioclase

K-Feldspar

Figure 33. Ternary Plot of Normative Quartz and Feldspars for
Igneous Rocks of the Stock
Arrows indicate sequence of intrusion from oldest to youngest
rock type. Plagioclase compositions are shown in parentheses.
Kr = rhyodacite, Kgp = granodibrite porphyry, Kqg = quartz gabbro,
Kg = granodiorite, Lqmp = quartz monzonite porphyry, Lqlp = quartz
latite porphyry, Lgr = granite, Lbp = basalt porphyry.
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magmatic system at depth, were emplaced along generally northeasterly
oriented fractures.
If basalt porphyry magma is related to this magmatic system, then
its intrusion along northeast striking joints marks the penetration of
tension fractures to the depth of the differentiated magma.

Obviously,

more intensive work, such as trace element and isotope studies, is re
quired to fully explain this sequence of intrusion and more specific
petrologic details of this stock.
Rhyolite vitrophyre of probable Late Tertiary age cannot be re
lated to the other igneous rocks of the range with the available data.

CHAPTER 6

STRUCTURAL DEVELOPMENT .IN THE GRANITE PEAK AREA

The stock limits the southern extent of rhyodacite sills and lies
central to the thickest part of granodiorite porphyry sills.

It also

straddles the largest stratigraphic relief, 300 m, on the pre-Cretaceous
erosion surface in the range.

The Willow Canyon and Apache Canyon Forma

tions together thicken from about 50 m on the north side where they lie
on Rainvalley Formation to about 220 m on the south side where they rest
on middle Epitaph.

About 170 m of Early Cretaceous topography and 130 m

of fault generated stratigraphic throw is suggested by these figures, if
the upper contact of Apache Canyon is assumed horizontal at the time of
deposition.

Only the small faults crossing the Rainvalley outcrop and

several faults which are partially intruded by granodiorite on the east
end of the stock remain as evidence for structures that may have local
ized feeder dikes to the sills and later, to granodiorite of the stock.
No other locations for feeder dikes to the sills are evident from either
Tyrrell's (1957) or Creasey1s (1967) maps.

However, speculative explan

ations for localization of the Granite Peak stock include intrusion along
the Pinal Schist-alaskite contact at depth as evidenced by the xenoliths
of these rocks in granodiorite and intrusion along fractures associated
with the Silver Bell-Bisbee discontinuity (Titley, 1976).

Purves (1976)

identified a distinct and correlative regression in Mississippian micro
facies in the Whetstone Mountains.

His Figure 3 shows northwest-trending
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possible fracture number 83 with left-lateral offset of pre-Laramide
and Tertiary age truncating pre-Laramide northeast-trending stratigraphic
anomaly number 80 which has right-lateral offset along interpretive line
LL.

The intersection of these postulated structures occurs in the vi

cinity of the Granite Peak stock.

The striking coincidence of the north

west-trending fracture number 83 and the Silver Bell-Bisbee discontinuity
(Titley, 1976) from these independent approaches to definition of Mesozoic
structure lends credence to the existence of a pre-Laramide fracture
intersection in the southern Whetstone Mountains.
A small dike located north of the Rainvalley Formation exposure
in Figure 2 is oriented parallel to the Nevadan age faults and is tenta
tively labeled Laramide basalt porphyry on the basis of its pyrite content
and plagioclase phenocryst texture, but with respect to its white color,
platy fracture, kaolinite odor when moistened, and its occurrence only
in Paleozoic beds, it is similar to Tyrrell's 1felsite1 which he found as
sills on the eastern side of the range.

If this small igneous outcrop

is indeed pre-Cretaceous in age, then its feeder dike may have followed
more significant structures at depth, such as the Silver Bell-Bisbee
discontinuity, which were again followed in Late Cretaceous time by mag
mas which were parent magmas to the sills and the stock.

Despite these

observations and conjectures, definitive evidence for structural localiza
tion of the Granite Peak stock is lacking.
Only slight angular unconformities separate Lower Cretaceous
strata from the underlying Paleozoic section and from the overlying Late
Cretaceous Salero Formation, which contains andesite flows that are ap
proximately equivalent in composition and time of extrusion to
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granodiorite of the stock (Schafroth, 1965).

Thus, the bedding of the

entire stratigraphic section was subhorizontal at the time of granodior
ite emplacement.

About 0.5 km of Shellenberger Canyon Formation and at

least 1 km of Turney Ranch Formation overlie the highest stratigraphic
position of the stock as it is now exposed.

The Turney Ranch may be

thicker than its type section and may have been overlain by an unknown
thickness of the basal Salero Hilton Ranch Conglomerate which has a 1.3 km
minimum thickness in the Empire Mountains (Figure 3, Columns 5 and 6).
In addition, volcanic rocks of the Salero Formation may have overlain the
Whetstone Mountains.

It is also conceivable that some Salero-age vol

canic rocks are extrusions from a vent that once tapped granodiorite melt
from the Granite Peak area.
The sedimentary rocks of the range form a sequence tilted about
35° southwesterly along a vertical plane of rotation striking about N 45°
E (Creasey, 1967).

The distribution of aplite dikes and quartz gabbro

xenoliths, and the low border topography in a relatively narrow zone
along the western granodiorite contact and throughout the eastern expo
sures all indicate that the originally vertical Granite Peak stock is
also tilted toward the southwest.

It plunges about 55° NE along a trend

of N 45° E as illustrated in cross-section A A 1 of Figure 4 and is largely
cylindrical with diameter of 1.8 km.
Southwestward tilting of the Whetstones can be related to a re
gional doming center to the northeast.

In the Whetstone Mountains,

Dragoon Mountains, Johnny Lyon Hills, and the southeastern part of the
Rincon Mountains, Precambrian exposures are bordered by younger rocks dip
ping centripetally away from an area located north of Benson, in the San
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Pedro Rift (Wilson, Moore, and Cooper, 1969).

Cenozoic rocks were evi

dently not affected by doming in this region.
Formation of northeasterly-striking joints and faults was initi
ated in the area of study during cooling of the granodiorite in response
to northwesterly directed tension.

Subsequent intrusions and the miner

alized joints that cross them also possess northeasterly strikes and
substantiate continued tension through the time of their formation.

Gen

eral parallelism of the plane of rotation for tilting of the range and
the orientation of tensional fractures is not believed coincidental.
Regional doming, tilting of the range, and post-granodiorite intrusion
along tension joints are viewed as effects of the Laramide Revolution.
The shallowly dipping breccia zone in the Black Oak Mine area was origin
ally subhorizontal in orientation.

Tilting was mostly completed at the

time of basalt porphyry intrustion.
This reconstruction of Laramide deformation in the Whetstones
supports the thesis of Rehrig and Heidrick (1976) that intrusion of Laramide stocks and dikes accompanied development of eastnortheast—directed
compression in response to subduction of the Farallon plate beneath
North America during the period 75-50 million years ago.

Under this

principle stress field, rising magmas were preferentially emplaced in
simultaneously developing north-northwest elongated arches.
mediate stress direction was vertically oriented compression.

The inter
The writer

postulates that southwestward rotation of the Whetstone range occurred in
response to a rising Laramide arch situated along the San Pedro River
valley to the northeast.
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The orientation of least compression or tension in an orthogonal
stress field dominated by northeast and vertical compression is northwest.
Intrusion of the cylindrical granodiorite stock at 74 m.y.a. does not re
flect this stress field and thereby sets a maximum age for initiation of
Laramide stress in the Whetstones.

In the Granite Peak stock area, sub

sequent intrusions and mineralization along northeast trends mark full
development of the regional Laramide stress field.

Under northwest di

rected tension, northeast trending fractures opened to permit intrusion
of progressively differentiated melts from the parent magma at depth.
Tension continued at least through the time of mineralization and basalt
porphyry intrusion.

These igneous rocks and fractures are Laramide

"paleostrain gauges" in the same sense that late Tertiary igneous rocks,
faults, and fractures of the southwest Pacific Ocean region record evi
dence of the stress field at the time of intrusion (Titley and Heidrick,
1978).
Intrusion of granodiorite was accompanied by little structural
disruption of the host rocks.

The fault located 300 m east of the Nevada

Mine displaces Concha against lower Scherrer near the stock contact.
This fault dips to the southwest at 70° and, if rotation of the range is
removed, this fault assumes the orientation of a low angle normal fault.
A smaller fault of similar orientation but of reverse movement is found
in the northeast part of Figure 2.

The small reverse fault located

south of the David Lee Mine is also a marginal thrust.
The steeper inward dip of sedimentary strata toward the grano
diorite contact can be explained by downward warping of the rocks in
response to removal of support, convection currents, or pulses of magmatic
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movement.

If the geometry of the stock is rather cone-shaped, the

country rock along the border might have been unsupported and may have
sagged into the magma chamber, forming the observed orientation.
Upward movement of the granodioritic magma is demonstrated by
greatly displaced Precambrian xenoliths.

Presumably magma of lesser den

sity was moving upward near the warmer center of the chamber.

The direc

tion of magmatic movement near the contacts was not determined in this
study, but the possibility that a central upward moving current cooled,
overturned, and traveled downward along the walls of the chamber, drag
ging downward the bordering strata, must also be considered.

This model

explains the lack of quartz gabbro clots in the central stock since up
ward moving magma would be isolated from contact rocks.

As another ex

planation, the magma may have intruded and frozen to walls of the chamber.
A relaxation in the force of intrusion may have allowed a downward set
tling of the border shell which dragged along a heated zone of pliant
strata.

A combination of these and other mechanisms may have operated

singly or together to produce the peculiar inward dipping strata.
The origin of breccia zones may be related to a model for breccia
pipe formation proposed by Norton and Cathles (1973).

Their model postu

lates a prebreccia hydrous void space trapped temporarily beneath an im
permeable cooled rind in the apical region of a pluton.

Eventual

piercement of the rind by the bubble leads to fracturing and stope caving
of rock fragments into the void followed by invasion of groundwater into
breccia to hydrothermally alter the permeable broken rock column.

Note

worthy aspects of this model are that such breccias lack a basal connec
tion to the melt at depth and upward stoping continues only until the

%
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breccia column equals the original void volume.

The breccia column ter

minates at both top and bottom. Cross-sections in Figure 4 depict a hori
zontal, tabular breccia mass connecting the bases of two vertically
oriented breccia zones which terminate as faults in the western, or orig
inally upper part of the stock.

Perhaps a hydrous fluid occupied a void

beneath an impermeable rind in the apical part of the quartz monzonite
porphyry stock.

Eventual movement of the block situated between faults

now occupied by linear breccia zones ruptured the rind.

Collapse of the

void and stope caving of rock bordering the permeable fault channelways
accompanied release of trapped volatiles.

Development of breccia perme

ability may have permitted convective influx of CO^-rich groundwater
from carbonate country rock.

Hydrothermal alteration and deposition of

carbonate minerals ensued in.the breccias.
Figure 4 shows that the base of the tabular, originally horizontol breccia mass occurs at the stratigraphic level of the Apache Canyon—
Shellenberger Canyon contact.

This contact marks a sharp change from

competent carbonate strata below to easily deformed pelitic sedimentary
rocks above.

It is an interface where tectonic stress, such as the postu

lated initiation of southwestward tilting of the range after quartz mon
zonite porphyry intrusion, would preferentially find release.

Perhaps

slight thrust fault movement at this interface partially decapitated the
stock and moved the block situated between the vertical faults.

The

permeable, possibly brecciated thrust fault plane in the stock allowed
convective influx of COg-rich groundwater.
carbonate mineral deposition ensued.

Hydrothermal alteration and

Evidence was not seen for a thrust

fault in the lowermost Shellenberger Canyon Formation, although movement
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of less than several meters would be sufficient to generate the required
permeability.

The available evidence is permissive for either model of

breccia origin.
Parallel sets of planar fractures are obvious in most outcrops
of non-carbonate rocks.
veloped only locally.

In carbonate rocks the joints are clearly de

The unmineralized joints shown in Figure 2 are

those having a fresh rock fracture.

They most commonly dip steeply along

northeasterly strikes or form a nearly flat-lying fracture set that may
have formed in response to Tertiary erosional unloading.

Unmineralized

joints typically have a more irregular fracture spacing in outcrop than
the mineralized fractures.

Mineralized joint surfaces are generally

coated with at least two of the minerals, limonite, hematite, epidote,
calcite, siderite, pyrite, pyrolusite, quartz, and clay.

Within and near

quartz monzonite porphyry exposures, the joints may also contain chalcopyrite, copper oxides, and secondary potassium feldspar.

The joint sym

bols shown in Figure 2 represent only a small sampling of the abundant
exposures of jointed rock.
Erosion of the tilted Whetstone Mountains was accelerated by
Cenozoic uplift along range bounding normal faults.

Tyrrell (1957) has

located range-bounding normal faults along linear bedrock-gravel inter
face topographic changes and along fault scarps in the pediment gravel
deposits.

CHAPTER 7

ECONOMIC POTENTIAL OF MINERALIZATION

In search for porphyry copper-scale orebodies, the decision to
advance exploration efforts in an area such as Granite Peak depends on
the level of encouragement generated by available data and the potential
of the area based on similarities with known porphyry deposits.

This

comparison and evaluation will follow an evaluation of observed mineral
ization.

Underground workings in the area of study are judged unsafe and

the valuable geologic control they could provide is unfortunately lack
ing.

Tactite Mineralization
Chalcopyrite, pyrite, galena, sphalerite, b o m i t e , and magnetite
mineralization in tactite gangue assemblages of brown garnet, calcite,
epidote, actinolite-tremolite, and wollastonite are found at the Nevada
Mine, Mascot Mine, David Lee Mine, and in the Apache Canyon xenolith near
the eastern end of the stock.

Figure 2 shows that all of these mines are

located near the contact of granodiorite with the impure carbonate beds
of the Apache Canyon Formation.

Perhaps much of the $105,000 worth of

lead, copper, and silver mined from the Whetstone District during 19181929 came from these tactite deposits (Elsing and Heineman, 1936).

Ad

ditional tactite mineralization may exist in Apache Canyon Formation north
of the Mascot Mine where contact metamorphism of favorable carbonate beds
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by both rhyodacite and granodiorite could have developed permeability
for hydrothermal fluids.

Very little tactite alteration or mineraliza

tion is seen on the surface in this area.

Veinlet Mineralization
As seen on the surface , veinlet mineralization consists of pyrite,
chalcopyrite, minor b o m i t e , molybdenite, galena, and spalerite in quartz,
calcite, and clay gangue along steeply dipping northeasterly joints which
are bordered by clay alteration, potassium feldspar flooding, and local
silicification with minor sericite.

Limonite, malachite, and minor azur-

ite are the obvious oxidation products of these sulfides, as shown in
Figure 18.

Drill holes contain the additional minerals noted in Figure 5.

Ankerite is generally restricted to the breccia.
The drill hole locations shown in Figure 2 and the data presented
in Figure 5 permit a calculation of approximate reserve tonnage and
grade.

For this estimate, a 2000 parts per million (0.2%) copper (Cu)

cutoff is used.

Dotted lines in Figure 5 cross-sections A, C, D, and E

outline perimeters of 2000 + ppm Cu reserve blocks.

Projections of these

lines to surface define the assumed reserve outcrop from which the area
of influence for each drill hole is determined.

Bases of reserve blocks

are arbitrarily placed 100 m below the deepest 2000 + ppm Cu intercept.
An exception is the vein system in drill hole 6 where only 50 m is used
with half the area used for drill hole 4 (Figure 5E).
The formula used for tonnage calculation in Table 9 is:

Metric

2
3
Tons (MT) = Drill hole block surface area (m ) x thickness (m) x 2.7 MT/m .

Table 9.

Drill Hole Block Reserve Estimate

Figure

Hole

Area

5A

dh-3

9000m

5C

dh-2

5D

Thickness
2

Density

Metric Tons

Cu(ppm)

Mo(ppm)

200m

2.7MT/m3

4.8 x 10 6

2400

4

10400m2

185m

2.7MT/m3

5.2 x 106

3390

93

dh-5

13200m2

315m

2.7MT/m3

11.3 x 106

2790

165

5E

dh—4

11200m2

185m

2.7MT/m3

5.6 x 106

2690

38

5E

dh-6

5600m2

130m

2.7MT/m3

2.0 x 106

2470

5

Totals

28.9 x 106MT

2790ppm

90ppm
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Average grade for Cu and Mo is simply a cumulative of individual
intercept meters and ppm for each metal divided by total meters.

No fac

tors for dilution or waste are applied.
Table 9 shows an indicated 29 million metric ton reserve of
about 0.28% Cu and 0.01% Mo.

At a price of $2.21 per kilogram ($1.00 per

pound) for copper and $11.05 per kilogram for molybdenum, each metric ton
contains an average $6.20 of copper and $1.10 of molybdenum.
value of this reserve is about $212,000,000.

The cash

Although the reserve out

crops and its hypogene ore is similar in grade to some producing porphyry
deposits (Lowell and Guilbert, 1970), it lacks the higher grade supergene
enriched tonnage that makes most porphyry deposits economically viable.
The reserve is also only a tenth of the tonnage currently regarded as
favorable for exploitation.
The copper values in chalcopyrite, the presence of calcite, low
pyrite content, and questionable permeability of mineralized rock virtu
ally eliminate acid leaching as a means to recover the metals without
mining because chalcopyrite dissolves very slowly and calcite neutralizes
sulfuric acid.

Additional reserves of higher grade are needed to form an

orebody.

Comparison With Porphyry Copper Model
It is evident from Figures 2 and 5 that the intensity center of
the elongated mineralization zone occurs near the quartz latite porphyry
exposure.

The discussion to follow evaluates the potential of a deep

vertical drill hole intersection of ore grade mineralization at this lo
cation.
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The Granite Peak stock is a favorable host for porphyry type
mineralization with respect to regional location.

Its position adjacent

to the San Pedro Rift is interior to the Arizona porphyry zone (Lowell,
1974).

Laramide intrusions localized elsewhere along the Silver Bell-

Bisbee discontinuity have associated copper and molybdenum mineralization
in the Mule Mountains as well as the Empire, Tucson, Silver Bell, and
Sawtooth ranges to the northwest (McCrory and O'Haire, 1961).

Its se

quence of intrusion from granodiorite through quartz monzonite to granite
is highly favorable (Lowell and Guilbert, 1970), although the 74 m.y. age
of granodiorite represents an older date than nearby porphyry deposit
igneous host rocks which become younger southeastward in Arizona and
northern Sonora.

If an age of 60 m.y. is found for quartz monzonite por

phyry, the true host to porphyry type mineralization in the Granite Peak
stock, it would precisely fit the trend shown by Lowell (1974).

The host

dimensions of 1800 m by 450 m is closely comparable to the typical depos
it.

Brecciation is also typical, although the ankerite-rich type found

in the stock is rare.
Well developed pervasive alteration and mineralization zonation
patterns are lacking in the Granite Peak stock.

Perhaps the absence of

crackle fracturing along multiple directions disallowed the permeability
for widespread hydrothermal alteration.

Figure 5 shows that most of the

orthoclase flooding and the single biotite alteration occurrence fall
within the higher grade mineralization intercepts.

This potassic alter

ation is typical of the innermost alteration zone where comparatively low
total sulfides occur as pyrite,echalcopyrite, molybdenite, and bornite
(Lowell and Guilbert, 1970).

Sericitic alteration is also typical of the
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innermost and inner alteration zones.

It is seen in minor amounts in thin

section and near the Black Oak Mine, but it is not found in any drill
holes.

Clay alteration is seen in outcrop, but is only a minor occurrence

in drill holes.

Abundant calcite and chlorite normally typify propylitic

alteration and are found transecting potassic zone assemblages in the
stock.

Tetrahedrite is also typical of the propylitic zone, but its

presence in four drill holes and the other evidence together suggests a
sharp constriction and overlap of mineralization and alteration patterns
exists in the stock.

Particularly lacking is the pyrite-rich halo typi

cal of the intermediate and inner alteration zones (Lowell and Guilbert,
1970).

The comparatively narrow zone of richer mineralization intersec

ted by drill holes 4 and 6 (Figure 5E) includes a vein containing tetra
hedrite, sphalerite, and galena that, except for substantial orthoclase
alteration also present, would form part of a peripheral zone around the
Black Oak Mine area.
The constricted and overlapping alteration and mineralization
patterns associated with quartz monzonite porphyry can be interpreted in
three ways.

First, a postulated major hydrothermal system was once pres

ent, but has since been eroded with only the deep core now exposed.

Per

vasive quartz-potassic alteration and disseminated pyrite-molybdenite
mineralization is apparently typical of porphyry core zones, but these
characteristics are inconsistent in the stock.

The lack of pervasive al

teration and disseminated pyrite within the stock and the absence of
peripheral zone characteristics beyond and above the stock together
largely eliminates this explanation.
failed to develop.

Second, a strong hydrothermal system

The mineralization is merely "accessory” Cu, normal
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and consequent to crystallization of an intermediate composition hypabyssal pluton in the absence of an extensive hydrothermal system.
Phyllic and peripheral alteration followed potassic in the same channels
with concomitant sulfide mineralization in overlapping pattern.

The

available data supports this model which allows for additional reserves
to be found under the Black Oak Mine area.

Figure 5D shows evidence for

possible vertical zonation of copper and molybdenum mineralization.

The

upper half of drill hole’5 averages 2330 ppm Cu and 57 ppm Mo whereas
the lower half averages 1860 ppm Cu and 236 ppm Mo.

The copper grade

variation may reflect, in part, decreasing supergene enrichment with
depth.

Molybdenite is relatively stable in supergene environments

(Blanchard, 1968).

The four-fold molybdenum grade increase with depth

probably reflects hypogene concentrations proximal to the quartz latite
porphyry dike.

Mineralization is likely to be restricted to deeper levels

of the same 150 m-wide elongate zone of strong joints exposed on the sur
face and grade is dependent on the frequency of mineralized northeast
striking veinlets.
The third interpretation is a speculation that the observed hydrothermal effects represent high level leakage from a major hydrothermal
system at depth beneath the Black Oak Mine.

The largest dimensions of

the estimated reserve, the best grade, and the most intense alteration
all center on the small quartz latite porphyry exposure.
a postulated parent body to this dike.

Figure 4 shows

A 1000 m deep drill hole collared

in this area may intersect a porphyry system associated with quartz latite
porphyry.

The vertical dimension of porphyry systems may reach 3000 m

as at San Manuel (Lowell and Guilbert, 1970).

For such depths.
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post-mineral southwestward tilting of the range must be taken into ac
count by location of very deep holes farther northeast.

CHAPTER 8

CONCLUSIONS

Geology of the Granite Peak area is dominated by a 3 km by 1.5 km
stock composed chiefly of granodiorite with quartz monzonite porphyry and
six minor phases ranging in composition from gabbro to granite.

Regional

location and internal sequence of intrusion are both highly favorable for
porphyry copper deposit potential, but nonpervasive, constricted, and
overlapping mineralization and alteration zones at the present level of
observation suggest that only a weak hydrothermal system developed nearby
a small altered quartz latite porphyry dike.

An outcropping reserve of

29 million metric tons of less than 0.3% Cu and 0.01% Mo is indicated.
Potential exists for a deep lying hydrothermal system associated with a
postulated quartz latite porphyry mass.
Intrusion of granodiorite at 74 m.y. preceded initiation of
Laramide regional northwest-directed tension, but subsequent igneous in
trusions and mineralization along northeast fracture trends form a
"paleostrain gauge" for the Laramide Orogeny.
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