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ABSTRACT

Breccias of the Morenci-Metcalf district are 
associated with the youngest sialic intrusive complex of 
Laramide age. This sequence includes intrusion of the 
Older Granite Porphyry stock, main stage district alter
ation, quartz veining, breccia formation, main stage 
district mineralization, and intrusion of the Younger 
Granite Porphyry plug. Three breccia types, of separate 
and distinct origins occur in the district and are similar 
to breccia descriptions reported in the literature for 
other porphyry copper deposits.

The Morenci Breccia is an intrusion breccia formed 
along a pre-existing structural feature during the ascent 
and emplacement of the Older Granite Porphyry stock.

The Metcalf-King Breccias and numerous smaller 
masses are the remnants of an Older Granite Porphyry 
mantle above the ascending Younger Granite Porphyry complex 
and occur as large •xenoliths' floating within the Younger 
Granite Porphyry plug.

The Candelaria Breccia is an explosion pipe with 
an inverted cone appearance and is the largest continuous 
breccia mass in the district.

xii



xlii
All the breccia masses occur within and subsequent 

to the district phyllic alteration zone. Main stage 
district copper mineralization postdates the Older Granite 
Porphyry and breccia formation, and is prior to the 
Younger Granite Porphyry. The Older Granite Porphyry 
appears to have been the main district mineralizer.



INTRODUCTION

Purpose and Scope of Study 
Previous treatises on the Morenci-Metcalf district 

have been concerned with general geology and detailed ore 
genesis, although an in depth study on the occurrence of 
numerous breccia masses and their relationship to the 
district porphyry copper deposits has not been conducted. 
This study was initiated to evaluate the relationship 
between the origin, timing, and significance of these 
breccia masses and the genesis of the Morenci-Metcalf 
district. Investigations of the breccias included 
detailed geologic mapping of the four largest breccia 
bodies, collection of pertinent samples for petrographic- 
miner agraphic studies, and analysis of drill hole and 
geochemical data. All of the available literature on 
breccias and breccia formation was utilized to compare 
the Morenci-Metcalf district breccias with those in other 
porphyry copper districts.

This study is part of a continuing investigation 
into the geological evolution of the Morenci-Metcalf 
district and it is hoped that the information presented 
herein will provide a better understanding into the

1



2
mechanisms of porphyry copper formation in this and 
similar porphyry copper districts.

Methods of Investigation
Geologic mapping of the breccias was conducted 

intermittently from June, 1970, through October, 1974, 
being concentrated during the summer months. The mapping 
was done at a scale of 1:1200 using topographic base maps 
provided by the Engineering Department of Phelps Dodge 
Corporation, Morenci Branch.

One hundred and fifteen thin sections, most of 
which were stained for K-feldspar determination, were 
examined using a Leitz Orthoplan petrographic microscope 
to ascertain lithologies, hydrothermal alteration, and 
petrofabric relationships. Twenty-six polished sections 
were prepared for mineragraphic study. In addition, 
thirteen polished slabs of Older and Younger Granite 
Porphyry were prepared for fluid inclusion studies on 
quartz phenocrysts. All thin sections, polished sections, 
and fluid inclusion slabs are currently on file in the 
Morenci Branch Geology Department.

Data from approximately 60,000 feet (18,000 m) of 
diamond drill core to an average depth of 1,500 feet (500 
m) per hole were utilized to reconstruct the subsurface 
geology and alteration-mineralization relationships. 
Available chemical analyses and radiometric dates
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supplemented the study, and X-ray diffraction work sub
stantiated mineral identification.

The term "Morenci-Metcalf district” as used in 
this paper refers to all prevolcanic rocks exposed by 
uplift and erosion through the White Mountain volcanic 
field, and those volcanic rocks and Gila Conglomerate 
immediately surrounding the sedimentary and intrusive 
rocks in Township 3 and 4 south, Ranges 28, 29, and 30 
east, Gila and Salt River Principal Meridian and Base 
Line (Figure 1).

Location. Accessibility, and Geography
The Morenci-Metcalf district is located on the 

southern slope of the White Mountains in the west-central 
part of Greenlee County, Arizona, eighteen miles (29 km) 
west of the Arizona-New Mexico border (Figure 2). The 
breccias, which are centrally located in the exposed pre
volcanic rocks, are in parts of sections 3, 4,5, 9, 10, 
and 16, T. 4 S., R. 29 E., and section 33, T. 3 S., R. 29 
E., in the Copper Mountain mining district approximately 5 
to 6 miles (8 to 10 km) northwest of Clifton, the county 
seat (Figure 3). The district can be reached from Safford 
by traveling east and north on U. S. highway 666 to 
Clifton, then three miles (5 km) northwest along U . S. 666 
to Morenci. All the breccias are located on Phelps Dodge 
Corporation patented land and only the Candelaria Breccia

(



Figure 1. Generalized Geologic Map of the Morenci-Metcalf 
District, Modified from Lindgren (1905) and 
Langton (1973).
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is accessible by public road, along U. S. 666 Reroute, 
approximately 5 miles (8 km) north of Morenci.

The Morenci-Metcalf district is an intricately 
faulted plateau incised by steep canyons, with an 
elevation range from 6,300 feet (1,900 m) on the east side 
at Markeen Mountain to below 4,000 feet (1,200 m) on the 
south side in Chase Creek (Figures 4 and 5). The district 
contains sparse vegetation typical of a semi-arid climate 
with greasewood, agave, manzanite, and sparse cacti. The 
temperature ranges from an average maximum of 100°F during 
July to an average minimum of 33*F during January.
Average rainfall per year is 12.5 inches (32 cm) and the 
snowfall averages 1.3 inches (3.3 cm) per year.

General History and Previous Work '
The first mining interest in the Morenci-Metcalf 

district commenced in 1870 when placer gold was discovered 
by ranchers from Silver City, New Mexico (Moolick and 
Durek, 1966). Since 1870, numerous companies have ex
ploited the high grade oxidized carbonate and sulfide 
copper ores by underground mining methods. In 1884,
Phelps Dodge Company became half owner in the Detroit 
Copper Company and by 1921 became the sole owner of the 
district. Phelps Dodge continued underground mining 
chiefly by block caving from the Humboldt Mine until 
1932, when all underground mining was terminated.

7
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Figure 4. Areal View of the Morenci-Metcalf District, Looking
Northeast. —  Chase Creek divides Morenci side (lower) 
from Metcalf side (upper).

Figure 5. Areal View of the Morenci-Metcalf District, Looking 
Northwest. —  Chase Creek in foreground.
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Approximately 1,108,000 tons of copper were produced 
during the period 1872-1932 from underground mining of 
oxidized ore and sulfide ore (Moolick and Durek, 1966). 
The major production was from the Arizona, Detroit, 
Shannon, and Longfellow Copper Companies and from Phelps 
Dodge Corporation.

In 1937, Phelps Dodge Corporation began open pit 
mining in Morenci, and from 1942 through 1974 the mine 
has removed approximately 1.3 billion tons of material of 
which 450 million tons were ore. The Metcalf Mines, 
located east of Chase Creek, consist of a large open pit 
on King Ridge and a smaller one located on Metcalf Ridge. 
Pre-ore stripping commenced in March of 1970 and was 
completed in January, 1975. Approximately 60 million 
tons of leached capping were removed during this period.

Prior to open pit operations in Morenci, no 
production had been recorded from the breccia masses. 
However, since surface mining commenced, the Morenci 
Breccia, located in the center of the Morenci Open Pit, 
has been excavated for ore content during mining of the 
Morenci Orebody. Many small adits, trenches, and open 
cuts are located on the Candelaria Breccia, but no 
record of production exists for these features. All the 
cuts exploited veins and fault zones for oxide copper 
minerals or supergene chalcocite replacing pyrite.
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Numerous articles have been published on the 

copper deposits of Morenci and Metcalf, and a complete 
bibliography (through 1964) is available in the Arizona 
Bureau of Mines Bulletin 173 (Moore and Wilson, 1965).
The oldest known geologic account of the area was made by 
C, Henrich (1887), who reported on the copper occurrences 
near old Morenci. In 1905, Waldemar Lindgren contributed 
a. classic treatise on the geological and mineralogical 
evolution of the Clifton-Morenci district. His volume 
contains detailed descriptions of individual mines in the 
district during that period and is accompanied by a 
1:62,500 scale reconnaissance map of the area. In 1910,
W. L. Tovote discussed further developments in the 
district geology and mining progress since Lindgren*s 
published report. L. E. Reber (1916) described the 
mineralization associated with the productive monzonite 
porphyry stock at Morenci and on the source of solutions 
effecting the mineralization. Schwartz (1934) reported 
on the paragenesis of the oxidized ores of copper and 
Butler and Wilson (1938) wrote on the relationship of 
the disseminated deposit with the other deposits of the 
district. In the Geology of the Porphyry Copper Deposits, 
Southwestern North America, R, T. Moolick and J, J, Durek 
(1966) published an article on the Morenci district in
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which rock types, structure, alteration, and mineralization 
are described.

The most recent publication on the district 
geology is by J. M. Langton (1973). He proposes a 
solution to ore genesis in this district and shows the 
structural, stratigraphic, and mineralogic events 
responsible for localizing the ore bodies.



GENERAL DISTRICT GEOLOGY

An up-to-date description of the general geology 
and structure of the Morenci-Metcalf district is necessary 
to provide background understanding of the area. The 
district is situated on the southern slope of the White 
Mountains in the transitional zone between the Basin and 
Range and Colorado Plateau physiographic provinces of 
eastern Arizona, and is bisected by Chase Creek which 
separates Morenci to the west and Metcalf to the east. The 
intrusive, extrusive, and sedimentary rock sequences ex
posed in the district range in age from Precambrian to 
Quaternary (Figure 1) and consist of Precambrian schists 
and igneous rocks, Paleozoic and Mesozoic sediments, and 
Cenozoic intrusive rocks, volcanics, and related elastics.

Precambrian Rocks
Precambrian rocks in the Morenci-Metcalf area 

include Pinal Schist-Metaquartzite, Morenci Granodiorite, 
Metcalf Granite, and aplite dikes (Langton, 1973). The 
Pinal Schist-Metaquartzite occurs only as sparse xenoliths 
within the intrusive igneous rocks of the district. How
ever, it is exposed by the erosion of volcanic flows 
approximately 7 miles (11 km) north of Morenci Open Pit.

12
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Morenci Granodiorite has intruded the Pinal Schist- 
Metaquartzite and is exposed only in the southeast part of 
the district, but is intersected in drill holes below the 
Paleozoic sediments on the south side of the Morenci Open 
Pit. Metcalf Granite intrudes both the Pinal Schist- 
Metaquartzite and the Morenci Granodiorite. The granite 
is generally coarse-grained, consisting of orthoclase, 
albite, and quartz with biotite the principal accessory 
mineral. The granite is a pluton with the main axis ap
proximately 14 miles (22 km) long, trending east-west on 
the west side of Chase Creek and northeast-southwest on 
the east side (Langton, 1973). Fragments of granite occur 
in all four breccia masses.

Aplite, the youngest Precambrian rock in the 
district, intrudes the older rocks as dikes and irregular 
masses. It is composed of a sucrose aggregate of ortho
clase, microperthite, and quartz and has only been 
conclusively identified as fragments in the Candelaria and 
Morenci Breccias.

Paleozoic Rocks
The marine-shelf Paleozoic sedimentary rocks 

consist of Cambrian quartzite, Ordovician limestone, 
Devonian shale and limestone, and Mississippian limestone. 
This section is approximately 1,000 feet (305 m) thick on 
the south side of the Morenci Open Pit. Only the Silurian
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is believed to have been absent during deposition, while 
all Paleozoic units younger than Devonian have been 
removed from the heart of the district by subsequent 
erosion.

Mesozoic Rocks
Subsequent to a period of uplift and erosion, 

which left the district with a very irregular topography, 
this region was situated on the southwest edge of a 
continental shelf. During early Late Cretaceous time, the 
Pinkard shales and sandstones were deposited. These 
sediments locally resemble cyclothems and were deposited 
across a broad, northwest trending structural ridge 
(Langton, 1973).

Cenozoic Rocks

Intrusive Rocks
The rocks assigned a Laramide age include diorite 

porphyry, monzonite porphyry, diabase, Older Granite 
Porphyry, the breccia masses, and Younger Granite Porphyry 
(Figures 1 and 3). The diorite porphyry appears west and 
southwest of the Morenci Open Pit as a stock with radiating 
dikes and sills. It is composed of large phenocrysts of 
labradorite and hornblende with accessory quartz, biotite, 
and orthoclase. The monzonite porphyry is a laccolith 
elongate along a N 40° E axis underlain by a monzonite
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porphyry stock. The laccolith dips approximately 25 to 30 
degrees to the north and does not occur on the Metcalf side 
of the district. It consists of small closely-packed 
phenocrysts of orthoclase, albite, and oligoclase in a 
microcrystalline groundmass of quartz and feldspar (Moolick 
and Durek, 1966). The principal accessory mineral is 
biotite with sphene, rutile, magnetite, and zircon present 
in trace amounts. Fragments of raonzonite porphyry commonly 
occur in the Morenci Breccia, less commonly in the King 
Breccia.

Diabase is the most mafic intrusive in the district 
and is closely associated with district-scale faulting. It 
intrudes the monzonite porphyry and is cut off by the Older 
Granite Porphyry stock. The diabase consists of augite, 
labradorite, and hornblende in a texture that varies from 
ophitic to coarsely granular (Reber, 1916). Fragments of 
diabase are not uncommon in the Morenci Breccia.

The Older Granite Porphyry forms an elongate stock 
trending N 20° E for approximately three miles (5 km) and 
is centrally located in the district. It consists of 
anhedral quartz phenocrysts in a matrix of orthoclase, 
albite, and quartz. A strong stockwork of quartz veining 
is ubiquitous, and fragments of Older Granite Porphyry are 
numerous in the Metcalf, King, and Candelaria Breccias.

Four large breccia bodies occur within the Morenci- 
Metcalf district. Three of these breccias, the Metcalf,
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King, and Candelaria bodies, are located within the Older 
Granite Porphyry stock and the fourth, the Morenci Breccia, 
is located within the monzonite porphyry laccolith south 
of the Older Granite Porphyry stock (Figures 6, 7, and 8, 
in pocket).

The Younger Granite Porphyry plug, approximately 
1.5 miles (2.5 km) in diameter, is centrally located within 
the Older Granite Porphyry stock and can be distinguished 
in at least two stages. The first stage provided the matrix 
material for the King, Metcalf, and numerous small breccias 
that are located within the second main stage Younger 
Granite Porphyry intrusion. The main stage plug exhibits 
large euhedral,bipyramidal, occasionally partially resorbed, 
quartz phenocrysts in a matrix of small closely packed 
crystals of pervasively sericitized quartz, orthoclase, 
and albite. The chief accessory mineral is chloritized 
biotite. The first stage Younger Granite Porphyry is 
characterized by less abundant and more resorbed 
bipyramidal quartz phenocrysts and by weak sericite 
alteration of the groundmass.

Post-Intrusive Rocks
The post-intrusive igneous rocks in the district 

are Tertiary volcanics which encircle most of the pre- 
volcanic rocks except to the south and southeast. The 
series includes rhyolite, basalt, andesite, rhyolite tuff.
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and perlite. Plugs and vents are exposed in the basalt 
north and northeast of the district (Moolick and Durek, 
1966).

The Gila Conglomerate partially encompasses the 
pre-volcanic rocks to the south and southeast and can be 
subdivided into two depositional environments. The 
Pliocene Gila Conglomerate consists of tuffaceous con
glomerates and related elastics, while the Quaternary Gila 
Conglomerate is characterized by varied environments of 
intercalated fanglomerates, talus slopes, fluvial sands, 
and lake gravels. Facies changes reflect the variable 
provenance of volcanic rocks from the San Francisco River, 
and largely pre-volcanic rocks from Chase Creek (Langton, 
1973).

Structure
The Morenci-Metcalf district is a structural high, 

cropping out as a window in the Oligocene-Miocene White 
Mountain volcanic field. Generalized structural relation
ships of the area have been extracted from Langton (1973), 
Moolick and Durek (1966), and Morenci Branch geological 
reports. Figure 9 summarizes the structural events of 
this district. Regional and local stress fields appear 
to have shifted periodically prior to and during the 
Laramide Orogeny.
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The Precambrian grain of the crystalline basement 
in eastern Arizona generally strikes N 70° E. Large 
recumbent folds in the Pinal Schist-Metaquartzite and 
thrusting in all the Precambrian rocks indicate that the 
regional stress movement was from north to south. Ap
parently all major structures in the Morenci-Metcalf 
district were either first developed in Late Precambrian - 
Early Paleozoic time or were the result of stress release 
during recurrent movement on these older faults (Langton, 
1973). These faults include the north-south Chase Creek 
fault system, the northeast-southwest San Francisco fault, 
the northwest-southeast trending Ward Canyon and Eagle 
faults, and the east-west trending Coronado and Quartzite 
faults (Figure 9B). These district structures continued 
to move and separate throughout geologic time.

Prior to Upper Cretaceous deposition, regional 
tilting toward the northeast resulted in the formation of 
a structural ridge trending northwest across the district. 
A lagoonal or estuarine environment existed southwest of 
this ridge during Late Cretaceous time, as evidenced by 
the deposition of the Pinkard Formation.

During Latest Cretaceous and Early Tertiary 
(Laramide) time, extensive uplift, doming, and intrusive 
activity within a relatively confined northeast-southwest 
stress field contributed to the ground preparation
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necessary for the forthcoming hydrothermal activity.
Stress conditions responsible for the variable geometries 
of the intrusives are a N 40° E principal stress reflected 
by the diorite porphyry and passive monzonite porphyry 
stages, and a N 20° E direction reflected by the granite 
porphyry intrusive complex. Diabase appears to have been 
forcefully injected during this shift in regional stress 
as indicated by its typical dynamically metamorphosed 
texture and close association with regional faulting.
The Older Granite Porphyry is intensely fractured and 
rehealed by quartz and quartz-sericite veinlets. However, 
the Younger Granite Porphyry exhibits no quartz veining 
and is instead quite homogeneous. Structural and geo
logical evidence indicate that the district breccias 
formed in the interval between these two granite porphyry 
intrusions.

Subsequent to Oligocene-Miocene volcanism, the 
Basin and Range faulting characterized by the northwest 
Kingbolt, Cliff, and Shannon fault zones formed. This 
faulting played an important role in mineralogical 
evolution of the district by uplifting the Metcalf 
portion of the supergene chalcocite blanket more than 
1,200 feet (370 m). Gila Conglomerate was intermittently 
deposited with recurrent movement on the San Francisco 
and other peripheral faults.
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Mineralogic Evolution
The mineralogic evolution of the Morenci-Metcalf 

district as it pertains to the supergene orebodies has 
been described by Langton (see Figure 10) and Moolick and 
Durek (1966). The mineralization-alteration of this 
porphyry copper deposit commenced in Late Cretaceous - 
Early Tertiary (Laramide) time and continues to the 
present.

At the southern periphery of the Older Granite 
Porphyry stock and below the present mining level is a 
sulfide-deficient potassic core characterized by abundant 
K-feldspar, quartz, and biotite surrounded by a thick 
phyllic zone exhibiting quartz, sericite, and six to ten 
percent pyrite in monzonite porphyry, Older Granite 
Porphyry and Precambrian granite. The phyllic zone is 
encompassed by a propylitic zone characterized by 
epidote, chlorite, and calcite.

The main hypogene mineralization appears to be 
localized between the phyllic and potassic zones as 
postulated by the Lowell and Guilbert model (1970), and 
contains slightly more than 0.60 percent copper, mainly 
as chalcopyrite with minor bornite. Molybdenite is con
centrated within the potassic, core and averages approxi
mately 0.025 percent MoSg.



23

Alteration Limits
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Coronado Mountain

Ep-Chl-C'o Clifton

Figure 10. District Hypogene and Supergene Alteration, from
Langton (1973).
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Considerable contact metamorphism has occurred 

within the district Paleozoic sedimentary rocks where 
limestones are garnetized, dolomites are replaced by 
diopside and other calcium silicates, and shales are 
converted to a calc-silicate hornfels (Langton, 1973). 
Mineralization is characterized by pyrite, chalcopyrite, 
magnetite, and sphalerite which have undergone oxidation 
to azurite, malachite, tenorite, and cuprite.

During Mid-Tertiary time a uniform supergene 
chalcocite blanket formed which is overlain by approxi
mately 600 feet (180 m) of red-stained iron oxide capping. 
During the Basin and Range orogeny, the enriched blanket 
was intricately faulted and uplifted 1,200 feet (370 m) 
on the Metcalf side of the district. This stranded 
blanket underwent further destruction and resulted in a 
new, more sporadic chalcocite-covellite enrichment lower 
in the protore. Chalcocite-covellite enrichment occurs 
in all of the Laramide intrusives and breccias, except 
the diorite porphyry, and in each sedimentary formation 
in the district.

Evidence for continued pyritization during 
volcanism in the district is exhibited by large veins of 
barren pyrite cutting strongly enriched, disseminated 
pyrite and other chalcocite veins. Fumarolic alteration 
and pyritization in the volcanics is suggested by the



occurrence of pyritized cobbles in the deeper Pliocene 
Gila Conglomerate (Langton, 1973).



GEOLOGY OF THE BRECCIAS

Many types of breccias are observed in the Morenci- 
Metcalf district. They include fault breccia, protoclastic 
breccia, volcanic breccia, and numerous large breccia 
masses, of which four will be discussed in this study.

Morenci Breccia

Geometry
The Morenci Breccia is centrally located in the 

Morenci Open Pit and is presently exposed on the 4250 
bench, north face. It was first recognized by Moolick and 
Durek (1966) as a cemented breccia of monzonite porphyry 
and granite fragments. They stated that the breccia extends 
through the monzonite porphyry as a northeast plunging 
sheet and appears to be an explosion breccia at the contact 
of the sloping Precambrian granite basement with the mon
zonite porphyry. At present, the breccia is exposed over 
an area 250 feet (76 m) wide and 75 to 200 feet (23 to 60 m) 
thick, and can be traced for approximately 1,600 feet 
(490 m) northward where it appears to be lost at the Older 
Granite Porphyry contact. An oblate lenticular shape 
characterizes the breccia mass, and churn and diamond drill 
hole data indicates that this mass strikes approximately

26
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north-south and rakes to the north at 20 to 28 degrees 
(Figure 6, in pocket). Other dike-like fingers of the 
breccia, up to 15 feet (4.5 m) wide, are encountered 
sporadically in and near the Quartzite fault zone, al
though wide drill hole spacing and the lack of surface 
exposures have made mapping of these features difficult.

Surrounding Rocks
The Morenci Breccia in outcrop is not a distinctive 

feature, but instead appears to grade into the monzonite 
porphyry country rock. The breccia was mapped three times 
during the period 1970-1974 as new mining face was exposed, 
and this mapping in conjunction with petrographic studies 
has revealed new information on the origin of this geologic 
feature. The rock types peripheral to the Morenci Breccia 
are monzonite porphyry, Precambrian granite and the 
localized aplitic phase, diabase, Paleozoic sediments, and 
Older Granite Porphyry (Figure 6, in pocket).

The Morenci Breccia has been emplaced into the 
monzonite porphyry laccolith which rakes 25 to 30 degrees 
to the north. Monzonite porphyry east and southeast of 
the Morenci Breccia contains large rafted and partially 
assimilated Precambrian granite xenoliths, with local 
aplitic texture. A large diabase dike intrudes the mon
zonite porphyry along the Quartzite fault. The near
vertical fault strikes northwest-southeast through the
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Morenci Open Pit, and is truncated by the Older Granite 
Porphyry approximately 1,000 feet (305 m) north of the 
Morenci Breccia. Paleozoic sedimentary rocks are exposed 
700 feet (213 m) south of and 200 feet (61 m) higher in 
elevation than the present Morenci Breccia outcrop, and it 
is postulated that these sediments once covered the area 
now occupied by the open pit.

An elongate body of aplite envelopes the Morenci 
Breccia. It is characteristically a thin zone on the 
sides and hanging wall, but at the footwall contact it 
extends southward for approximately 250 feet (76 m)
(Figure 11a). This aplite-breccia contact, where exposed, 
appears to be gradational. The aplite exhibits an 
allotriomorphic-granular to granophyric texture and is 
composed of a micrographic intergrowth of approximately 
equal proportions of 0.2-0.5 mm grains of quartz and K- 
feldspar (Figure 12). Fine aggregate sericite (five to 
ten percent) occurs between grains and as alteration of 
K-feldspar along cleavage and fractures. The accessory 
minerals include sphene, rutile, pyrite, and traces of 
biotite. Disseminated pyrite makes up less than one 
percent by volume. The aplite grades peripherally into a 
coarser grained granitic texture that is characterized by 
K-feldspar overgrowths on original feldspars (Figure 11b). 
This in turn grades into either Precambrian granite or
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Figure 11. Rock Types Adjacent to Morenci Breccia. —
A. Aplite that occurs at the southern contact.

B. Granite phase of the aplite that grades into 
monzonite porphyry and Precambrian granite. 
Note the rounded feldspar (f) overgrowths.

Figure 12. Photomicrograph of Aplite, Southern Contact of Morenci 
Breccia. —  Granophyric texture of intergrown quartz 
(q) and orthoclase. Note the fluid inclusions in the 
large quartz phenocrysts. Polarized light, 40X.
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monzonite porphyry further away from the breccia mass.
No distinct increase in aplite fragments is evidenced near 
the breccia-aplite contact as will be described with the 
diabase.

Structural Relationships
A regional stress field developed in Precambrian 

time, producing thrust sheets indicative of north to south 
movement throughout the district (Figure 9a). Recurrent 
movement on this basement faulting appears to have caused 
similar structures in all younger intrusive rocks. The 
thrust faults strike approximately east-west to N 70° E - 
S 70° W and dip at 20 to 30 degrees to the north. The 
monzonite porphyry laccolith is believed to have intruded 
along this zone of structural weakness and data from field 
mapping and diamond drill hole intercepts likewise 
indicate the Morenci Breccia emplacement to have been 
controlled by a similar structural weakness within the 
monzonite porphyry.

Post Morenci Breccia age fractures display pref
erential orientation of N 30-40° W with a dip of 50-70°
SW in faults and fault-veins. Secondary orientations are 
characterized by N 35° E, N 10-15° W, and N 70° E, 
dipping 70° NW, 40-60° SW, and 50° NW, respectively.
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Composition

The Morenci Breccia is composed of angular to sub
rounded fragments of variable size, ranging from micro
scopic to blocks three feet (1 m) in length, exhibiting 
a common mode of one or two inches (2 to 5 cm) in 
diameter. The fragments compose approximately 70 percent 
of the breccia, and the matrix makes up the remaining 30 
percent with no void space present. The rock types are 
well mixed both at the center of the breccia and near the 
contacts. No minimum or maximum displacement could be 
determined from the available exposures or drill hole 
data and the average fragment to matrix ratio does not 
appear to change radically within the breccia. Rock 
types present as fragments include monzonite porphyry 
(70 percent), Precambrian granite (15 percent), diabase 
(10 percent), Precambrian aplite (3 percent); Paleozoic 
quartzite (?) and shale (?) constitute approximately two 
percent of the whole.

Monzonite porphyry fragments are ubiquitous 
throughout the breccia and range in size from microscopic 
to clasts three feet (1 m) in diameter, with a mode of 
two to three inches (5 to 8 cm) (Figures 13, 14, and 15). 
They grade from larger equidimensional subangular to 
subrounded fragments in the center of the breccia to 
smaller lath-like angular fragments at the contacts
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Figure 13. Morenci Breccia Rock Slab. —  Angular fragments of 
monzonite porphyry (p) and diabase (d) in a quartz- 
orthoclase matrix. A quartz-sericite-pyrite veinlet 
is cutting both the matrix and fragments.

Figure 14. Rock Slab of Lower Portion of Morenci Breccia. —  Angular 
lath-like fragments in an en echelon arrangement of 
monzonite porphyry (p), granite (g), and diabase (d) 
in a quartz-orthoclase matrix (m). Quartz-sericite- 
pyrite-covellite and quartz-sericite-pyrite-molybdenite 
veinlets (v) cut through the matrix and fragments.
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Figure 15. Comnon Morenci Breccia Rock Slabs
A. Angular to subangular fragments of monzonite 

porphyry (p) and diabase (d) in quartz-orthoclase 
matrix. The sample shows quartz-sericite-pyrite- 
chalcocite and quartz-sericite-chalcopyrite- 
chalcocite veinlets (v) cutting both matrix and 
fragments.

B. Fragments of monzonite porphyry (p) and diabase (d) 
in quartz-orthoclase matrix. Note angularity and 
lath-like shape of fragments. Flow direction 
indicated by fragments is 25-28 degrees north.
Quartz-sericite-pyrite veinlets (v) cut both the 
matrix and fragments.
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(Figures 14 and 15b), The footwall contact exhibits a 
much thicker zone of these lath-like fragments that 
locally exhibit en echelon stacking, indicating that at 
least the last direction of transport was upward and to 
the south along a 20 to 30 degree slope (Figure 14), The 
monzonite porphyry fragments consist of abundantly 
sericitized 1-2 mm grains of euhedral to subhedral 
plagioclase phenocrysts with Carlsbad and albite twinning 
in a microcrystalline matrix of anhedral quartz, feldspar, 
and minor biotite (Figure 16). The chief accessory 
minerals occur as subhedral, 1-2 mm phenocrysts of biotite 
that have been altered to chlorite and magnetite. The 
biotite phenocrysts also contain microcrystalline 
acicular rutile. Pyrite and chalcocite replacing pyrite 
occur as blebs throughout the breccia fragments,

PreCambrian granite fragments occur throughout 
the breccia, but show a slight increase in abundance near 
the eastern contact. They are subangular and range in 
size from microscopic to clasts two feet (0.6 m) in 
diameter, with a mode of two to three inches (5 to 8 cm). 
The granite fragments exhibit a less distinct shape 
change from the center of the breccia to the contacts and 
consist of abundantly sericitized 2-3 mm anhedral grains 
of K-feldspar and plagioclase. Anhedral 3-4 mm quartz 
grains exhibit numerous fluid inclusions. Microperthite
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Figure 16. Photomicrograph of Monzonite Porphyry at Contact of
Morenci Breccia. —  Showing sericitized feldspars (s) 
and partly chloritized biotite (b). Groundmass is 
largely quartz (q). Polarized light, 40X.
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to granophyric texture is often present. Intersertal 
microcrystalline intergrowth of quartz, K-feldspar, and 
sericite are present. Minor abundantly chloritized, 
felty biotite occurs as 2 mm anhedral phenocrysts.
Zircon, rutile, and magnetite occur in trace amounts. 
Pyrite occurs as disseminated blebs with varying degrees 
of chalcocite replacement.

Diabase fragments occur throughout the breccia 
but are more numerous to the west where the breccia has 
partially intruded the diabase dike (Figures 13, 14, 15b, 
17, and 18). Diabase fragments range in size from micro
scopic to clasts six inches (15 cm) wide, exhibiting a 
mode of one to two inches (2 to 5 cm) in diameter, and 
are characterized by subangular to subrounded fragments 
occasionally showing a lath-like appearance near the 
footwall. The fragments consist of a matte of secondary 
1-2 mm anhedra of biotite and quartz, with 1-2 mm euhedral 
apatite crystals. Only a vague outline of the original 
texture is visible and it changes from granular to 
ophitic. The biotite is locally chloritized. Pyrite and 
magnetite were observed as disseminations.

Aplite fragments appear to be a textural phase of 
the Precambrian granite, and some fragments of granite 
show this textural shift. The aplite fragments are sub- 
angular to subrounded ranging in size from microscopic to
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Figure 17. Photomicrograph of Morenci Breccia. —  Diabase fragment 
at lower left comer of photograph is altered to biotite 
(b). The groundmass shows partially sericitized ortho- 
clase (f) and quartz (q). Note the undulatory extinction 
in the quartz. Polarized light, 40X.

Figure 18. Photomicrograph of Morenci Breccia in Plane Light. —  
K-feldspar (stained), quartz, and breccia matrix.
Note the fluid inclusions in quartz. Black area is 
pyrite (p). 4QX.



38
six inches (15 cm), with a mode of one to two inches (2 
to 5 cm) in diameter. They consist of a micrographic 
intergrowth of anhedral 0.5 mm grains of quartz and 
orthoclase. Sericite locally alters the aplite along 
mineral boundaries and in orthoclase crystals. Pyrite is 
finely disseminated throughout the mesostasis.

Fragments of silicified quartzite (?) and shale 
(?) also occur within the breccia. The quartzite is 
silicified and sericitized and occurs in such minor 
quantities that its presence is only suspect at present. 
The shale (?) has been abundantly altered to a very fine 
matte of sericite and minor quartz and is also uncommon. 
Whether these fragments came from the Paleozoic sediments 
above the breccia or from xenoliths within the monzonite 
porphyry of recrystallized Precarabrian Pinal Schist- 
Metaquartzite is not known. If they did come from the 
Paleozoic section then the nearest provenance formations 
would be the Cambrian Coronado Quartzite and the base of 
the Ordovician Longfellow Limestone where a thin 20 foot 
(6 m) shale horizon exists.

The Morenci Breccia matrix contains approximately 
85 percent K-feldspar, quartz, with minor biotite, and 
sericite. The remaining 15 percent consists of rock 
flour. K-feldspar crystals exhibit 0.5 to 115 mm 
anhedral outlines and make up approximately 60 percent of
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the non-comminuted matrix, while 0.5 to 1.0 mm anhedral 
quartz grains represent approximately 35 percent of this 
matrix. The quartz grains are characterized by undulatory 
extinction and by numerous fluid inclusions. Anhedral 
chloritized biotite 0.05 to 0.5 mm in length make up less 
than one percent of the matrix, and sericite represents 
approximately three percent as minute shreds replacing 
K-feldspar and locally biotite. Accessory minerals 
include minute euhedral to subhedral grains of zircon, 
sphene, and pyrite. The composition, percentage of 
mineral constituents, and texture of the breccia matrix 
suggest a hydrothermal or granitic origin (Figures 17,
18, 19, and 20).

The rock flour consists predominantly of angular 
quartz, approximately 0.005 mm in diameter, surrounded by 
cryptocrystalline material of probable like composition. 
Particles distinguishable as monzonite porphyry, granite, 
and diabase are present as grains ranging in size from 
0.005 mm to megascopic. These particles are mostly sub- 
angular to subrounded. Rock flour usually occurs in thin 
lens shaped pods and is not well mixed with the matrix 
K-feldspar, quartz, and biotite.

The internal structure of the breccia is 
characterized by flow structure of lineation adjacent to 
the hanging wall and more distinctly in the footwall, and
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Figure 19. Photomicrograph of Morenci Breccia Matrix. —  Showing 
orthoclase (f) and quartz (q). Note the abundantly 
sericitized feldspar in the lower right corner (s) 
and the undulatory extinction in the quartz. Blebs 
of pyrite are locally present. Polarized light, 40X.

Figure 20. Photomicrograph of Morenci Breccia Matrix in Plane 
Light. —  Note the K-feldspar (stained) and fluid 
inclusions in quartz. Black patches are pyrite blebs 
(p). 40X.
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by minor eddy current patterns peripheral to the frag
ments. These flow structures are delineated by parallel 
orientation of the fragments and linear particles of the 
matrix. Very little evidence of turbulent attrition was 
found during field examination and there is a distinct 
lack of open space between fragments and matrix. The 
high ratio of fragments to matrix suggest that the 
breccia channel may have become choked during transport.

Alteration and Mineralization
Alteration surrounding the Morenci Breccia is 

characteristic of the phyllic zone in the primary hypogene 
district aureole. It contains quartz, sericite, and 
pyrite, and does not appear to increase toward the 
breccia. The extent of sericite alteration in the 
fragments prior to mobilization appears to be similar to 
that of the country rocks. Silicified monzonite porphyry 
and granite fragments are encountered in the breccia and 
possibly reflect a silicification phenomenon near the 
Precambrian granite-monzonite porphyry contact. A 
similar contact silicification is present between the 
Precambrian granite and quartz monzonite porphyry at 
Tyrone (Kolessar, 1970). Alteration effects of the 
matrix on the granite and aplite fragments is exhibited 
by replacement of original feldspars by pink K-feldspar 
alteration. The monzonite porphyry fragments are
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relatively unaffected by this alteration. Quartz-sericite 
alteration ranges from sparse to extensive in the frag
ments and appears to be the result of preferential 
replacement of rock types, especially monzonite porphyry. 
Post breccia alteration is evidenced by abundant biotite, 
with K-feldspar, quartz, and minor sericite occurring 
along microfractures, within the matrix, and as complete 
biotitization of diabase fragments. The mineral 
assemblage is characteristic of potassic alteration.

Supergene argillic alteration has pervasively 
altered all the rock types near and within the Morenci 
Breccia, although the matrix is unaffected.

Quartz-sericite-pyrite, quartz-molybdenite, and 
quartz-sericite-chalcopyrite veinlets cut both the matrix 
and fragments of the Morenci Breccia (Figures 13, 14, and 
15). Blebs of disseminated pyrite occur in equal amounts 
in both the fragments and matrix, and are weakly enriched 
by chalcocite (Figures 18 and 20).

Supergene turquoise, wavellite, and alunite occur 
on fractures in the Morenci Breccia and chalcanthite 
forms on the bench faces as a result of oxidation of
chalcocite and covellite.
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Metcalf Breccia

Geometry
The Metcalf Breccia is located in the Chase Creek 

area between the Metcalf and Morenci Open Pits (Figures 1 
and 3). As mapped, the breccia mass is oval shaped and 
approximately 650 feet (200 m) in diameter. The breccia 
is presently exposed on five benches and covered by dump 
material on three sides (Figure 21). Subsurface diamond 
drill hole data is only available for the west and south
west periphery of the breccia. The area was mapped twice 
during the period 1970-1974.

Surrounding Rocks
The Metcalf Breccia is surrounded by the Younger 

Granite Porphyry plug which in turn is surrounded by the 
Older Granite Porphyry stock (Figures 1, 3, and 22). The 
Older Granite Porphyry trends N 20° E for approximately 
three miles (5 km) and the Metcalf Breccia is located in 
the west central portion of the stock (Figure 7, in 
pocket). The Older Granite Porphyry is typified by 
anhedral quartz phenocrysts containing numerous fluid 
inclusions and by a well developed stockwork of quartz 
veining (Figure 23).

The Metcalf Breccia, located in the northwest 
portion of the Younger Granite Porphyry plug, is intruded
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Figure 21. Aerial View of the Metcalf Breccia, Looking Northwest. —  
The exposure of the breccia is controlled by dump and fill.

Figure 22. Outcrop of Contact between Older Granite Porphyry and 
Younger Granite Porphyry. —  The area is located north 
of the Metcalf Breccia.
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Figure 23. Hand Specimen of Older Granite Porphyry Fragment in 
Younger Granite Porphyry. —  Conpare the absence of 
veining in Younger Granite Porphyry (ygp) with the 
veining in the Older Granite Porphyry fragment (ogp). 
The sample was taken between the King Breccia and the 
Metcalf Breccia.
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by a rhyolitic phase of the Younger Granite Porphyry 
complex that forms the breccia matrix. The distinguishing 
features of the Younger Granite Porphyry plug are the 
presence of locally resorbed large euhedral bipyramidal 
quartz phenocrysts and abundantly sericitized feldspar 
phenocrysts in a microcrystalline groundmass of K-feldspar 
and quartz (Figures 24 and 25). The quartz phenocrysts 
exhibit fewer fluid inclusions than are present in the 
Older Granite Porphyry quartz phenocrysts (Figure 26).
The Younger Granite Porphyry plug is also characterized 
by a lack of quartz veining and fracturing and exhibits a 
homogeneous, uniformly fine to medium grained appearance 
(Figures 23 and 24).

Structural Relationships
Local thrusting in the Older Granite Porphyry is 

related to the regional Precambrian stress field dis
cussed under the Morenci Breccia section, but these 
thrusts do not appear to play a significant role in the 
localization of the sialic intrusives. Fault controlled 
rhyolite breccia dikes cut vertically through the Younger 
Granite Porphyry along a N 65-75° W strike. East of the 
Metcalf Breccia these dikes attain widths up to ten feet 
(3m). A distinct, structurally controlled, ten foot 
(3 m) wide rhyolite breccia strikes N 70° E , dips 62° NW, 
and intrudes through the Metcalf Breccia and Younger
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Figure 24. Younger Granite Porphyry Rock Slab. —  Bipyramidal quartz 
phenocrysts (q) and abundantly argillized and sericitized 
feldspar phenocrysts (f) are in a matrix of microscopic 
quartz, feldspar, and sericite groundmass. Note the lack 
of quartz veining.

Figure 25. Close-up of Younger Granite Porphyry. —  A bipyramidal 
quartz phenocryst (q) is surrounded by feldspar pheno
crysts (f) and a finer grained matrix (m).
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Figure 26. Photomicrograph of Younger Granite Porphyry. —  Partially 
resorbed bipyramidal quartz phenocrysts (q), chloritized 
biotite (c), and abundantly sericitized feldspar pheno
crysts (f) are in a matrix (m) of microcrystalline K- 
feldspar and quartz. Note the rim of sericite around the 
quartz phenocrysts. Polarized light, 4QX.
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Granite Porphyry. It is characterized by subrounded to 
rounded, microscopic to one inch (2.5 cm) fragments of 
Older Granite Porphyry, Younger Granite Porphyry, and 
previous breccia fragments. The matrix is a distinctive 
mixture of rhyolite and rock flour (Figure 27).

The Basin and Range faulting cuts through the 
Older Granite Porphyry and Younger Granite Porphyry in
trusions east of the Metcalf Breccia and is characterized 
by the Kingbolt and Cliff fault systems that strike N 
20-30° W and dip 60-80° SW. Pinnate joints associated 
with these fault zones host chalcocite enrichment within 
the Metcalf orebody (Langton, 1973).

Other post-Metcalf Breccia fracturing displays a 
strong preferential orientation of N 25-35° E with a dip 
of 60-85° NW in faults and iron oxide stained veins. A 
large 40 foot (12 m) wide N 30° W fault dipping 55° NE 
bisects the Metcalf Breccia, but the amount of movement 
is unknown. Secondary orientations are N 10-15° W and 
N-S, dipping 85° NE and vertical respectively (Figure 28).

Composition
The Metcalf Breccia is composed of angular to 

subrounded fragments of variable size, ranging from 
microscopic to blocks 130 feet (40 m) in length with a 
common mode of three to four inches (8 to 10 cm) in 
diameter. The fragments compose approximately 60 to 80
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Figure 27. Photomicrograph of Rhyolite Breccia Dike Material. —  
Rounded to subangular broken phenocrysts of quartz (q) 
and K-feldspar (f) are in a matrix (m) of abundantly 
sericitized K-feldspar and quartz. Note the rounded 
fragment of a previous breccia (B) of similar composition. 
Polarized light, 40X.
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percent of the breccia, and the matrix makes up the 
remaining 20 to 40 percent. Rock types present as frag
ments include Older Granite Porphyry (85 percent), Younger 
Granite Porphyry (5 percent), Precambrian granite (5 
percent), and quartz vein fragments (5 percent).

The Older Granite Porphyry fragments are 
ubiquitous throughout the breccia and range in size from 
microscopic to a block 130 feet (40 m) in diameter, 
although they exhibit a mode of from four to five inches 
(10 to 13 cm) (Figure 29). The large angular block 
appears to have floated within the breccia and is sur
rounded by much smaller fragments ranging from one to six 
inches (2 to 15 cm) in diameter (Figure 28). The next 
largest fragment encountered was a clast 20 feet (6m) 
long by 15 feet (4.5 m) wide. The Older Granite Porphyry 
fragments are angular to subrounded and consist of 
anhedral 3-5 mm quartz phenocrysts, euhedral to subhedral 
1-2 mm grains of plagioclase and orthoclase phenocrysts, 
and accessory euhedral phenocrysts of biotite in a matrix 
of anhedral quartz, orthoclase and albite. The plagio
clase phenocrysts exhibit Carlsbad and albite twinning, 
and are locally zoned. The Older Granite Porphyry is but 
sparsely sericitized.

The Younger Granite Porphyry fragments are sub
rounded to rounded and are localized near the southern
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Figure 29. Metcalf Breccia Rock Slab. —  Subangular to subrounded
fragments of Older Granite Porphyry fragments and quartz 
vein fragments are in a matrix of rock flour, quartz, 
feldspar, and sericite. Note the quartz veining in the 
Older Granite Porphyry fragments cut off by the breccia 
matrix and the occurrence of open space between seme 
fragments (o).
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breccia contact. They may reflect the first pulse of the 
Younger Granite Porphyry complex into the Older Granite 
Porphyry stock. Unlike those of the main phase Younger 
Granite Porphyry, quartz phenocrysts in these Younger 
Granite Porphyry fragments are subhedral in character.
They are 3-4 mm grains in a matrix of moderately 
sericitized microcrystalline K-feldspar and quartz. The 
boundaries of these Younger Granite Porphyry fragments 
are indistinct because of the similar composition of the 
fragments and rhyolitic matrix.

The small number of Precambrian granite fragments 
observed in the Metcalf Breccia range from subangular to 
subrounded in shape with a mode of three to four inches 
(7 to 10 cm) in diameter. They consist of anhedral 3-4 
mm quartz grains and 2-3 mm anhedral laths of plagioclase 
and orthoclase with intersertal microcrystalline quartz, 
K-feldspar, and plagioclase. Quartzose fragments in the 
breccia were derived from quartz veining in the Older 
Granite Porphyry. The fragments are angular to rounded, 
ranging from microscopic to two inches (5 cm) in diameter.

The Metcalf Breccia contains approximately 60 
percent rhyolite matrix and 40 percent rock flour. Rock 
flour and rhyolite matrix are gradational phases that 
exist throughout the Metcalf Breccia, and no distinct 
locales of the end members were found (Figures 30 and 31).
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Figure 30. Photomicrograph of Younger Granite Porphyry Breccia. —  
Partially resorbed bipyramidal quartz phenocrysts (q) 
and smaller broken phenocrysts of orthoclase (f) and 
quartz (q) are in a microcrystalline matrix (m) of 
K-feldspar and quartz. The K-feldspar phenocrysts are 
partially sericitized. Polarized light, 40X.

Figure 31. Photomicrograph of Younger Granite Porphyry Breccia in 
Plane Light. —  K-feldspar (stained) and quartz (q) in 
matrix material (m). Black patches are pyrite blebs 
(p). 40X.
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The rhyolite matrix consists of embayed 2 mm subhedral to 
anhedral phenocrysts and 1-1.5 mm K-feldspar and plagio- 
clase phenocrysts exhibiting subhedral outlines (Figures 
32 and 33). The groundmass contains an anhedral (0.5 mm) 
microcrystalline intergrowth of K-feldspar and quartz with 
locally abundant sericite alteration. Sphene is present 
as an accessory mineral and magnetite is present in trace 
amounts. The rock flour consists predominantly of angular 
to rounded quartz and Older Granite Porphyry fragments 
approximately 0.005 mm to 0.25 inch (0.6 cm) in diameter 
surrounded by cryptocrystalline material of probable 
similar composition. Particles distinguishable as Older 
Granite Porphyry, quartz, and granite are present as 
grains ranging in size from 0.005 mm to megascopic and 
are mostly subangular to rounded. The rhyolite matrix 
locally exhibits flow lineations around fragments, 
occasionally accentuated by parallel rock flour and frag
ment orientations. Open space between fragments and 
matrix is estimated to be greater than five percent by 
volume. It increases toward the outer contacts.

Fragments in the Metcalf Breccia grade from large 
one to ten foot (0.3 to 3 m) diameter angular fragments 
comprising 95 percent of the volume in the center to 
smaller microscopic to one foot (0.3 m) diameter 
subrounded to rounded fragments comprising 40 percent of
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Figure 32. Photomicrograph of Metcalf Breccia with Sericitized
Matrix. —  Broken phenocrysts of quartz (q) and ortho- 
clase (f) are in a fine-grained matrix (m) of abundantly 
sericitized K-feldspar and quartz. Black areas are 
holes. Polarized light, 4QX.

Figure 33. Photomicrograph of Metcalf Breccia with K-feldspar 
Matrix. —  Broken phenocrysts of K-feldspar (f) and 
quartz (q) are in a microcrystalline matrix (m) of 
K-feldspar and quartz. Shiall laths are sericite. 
Polarized light, 40X.
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the volume at the contacts. The contacts between the 
Metcalf Breccia and the Younger Granite Porphyry, where 
exposed, are sharp and somewhat sinuous,

Alteration and Mineralization
Alteration in the Younger Granite Porphyry plug 

surrounding the Metcalf Breccia consists of pervasive 
sericitization of the groundmass, and the feldspar and 
biotite phenocrysts. Locallized incipient recrystal
lization of the borders of bipyramidal quartz phenocrysts 
to sericite is evidenced.

Evidence of alteration in the fragments prior to 
mobilization is present only in the Older Granite Porphyry 
clasts. These fragments contain numerous quartz veinlets 
which range in size from 0.05 to one inch (.1 to 2.5 cm) 
thick and which are truncated at the fragment boundaries. 
Some of these quartz veinlets also have selvages of pink 
K-feldspar. Silicified Older Granite Porphyry and 
granite fragments occur locally within the breccia. The 
origin of the silicification however, is unknown.

Fragments do not appear to have been altered by 
the matrix except in the area southwest of the Metcalf 
Breccia surface outcrop. Here, diamond drill holes 
intersect dike-like zones of breccia where the rhyolite 
matrix has abundantly silicified both the fragments and 
the wall rock. The Younger Granite Porphyry plug appears
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to have sparsely altered the breccia near the contacts by 
addition of minor sericite to the fragments.

Local quartz-sericite-specularite veinlets cut the 
Metcalf Breccia at N 50° E and 65° NW. Minor dis
seminated pyrite occurs within the matrix and fragments, 
and the Younger Granite Porphyry contains homogeneous, 
sparsely disseminated pyrite throughout the plug. Drill 
holes located 800-1,000 feet (245-305 m) southwest of the 
exposed Metcalf Breccia have intersected breccias, the 
matrices of which contain molybdenite, chalcocite, and 
minor chalcopyrite of ore grade.

Supergene argillic alteration has pervasively 
effected the feldspar and plagioclase phenocrysts in 
fragments of the Metcalf Breccia and has also selectively 
altered the feldspar phenocrysts of the Younger Granite 
Porphyry plug.

Weak jarosite capping occurs on fault and fracture 
surfaces throughout the Metcalf Breccia exposure and 
local chrysocolla on fractures is evident.

King Breccia

Geometry
The King Breccia is located below the King Open 

Pit on King Ridge, 6,500 feet (2,000 m) N 30° E of the 
Morenci Breccia (Figures 1, 3, and 34). The breccia is
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Figure 34. Aerial View of the King Breccia, Looking North. —
Location of the King Breccia (kbx) surrounded by Younger 
Granite Porphyry (ygp). The Metcalf Open Pit is shown 
in the background on the upper left comer of photograph.
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oval, exposed over an area 600 feet (180 m) E-W by 700 
feet (215 m) N-S. The area contains 26 diamond core drill 
holes on a 200-foot (60 m) grid, and the King Breccia was 
mapped twice during the period 1970-1974. From drill 
hole data the breccia exhibits a crudely conical shape 
with the apex up and is exposed over a 700 foot (215 m) 
vertical dimension.

Surrounding Rocks
The King Breccia is located on the southeast edge 

of the Younger Granite Porphyry plug, and the contacts 
are partially masked by pervasive sericitfzation (Figure 
7, in pocket). The breccia has been intruded by a 
rhyolitic phase of the Younger Granite Porphyry complex 
that forms the breccia matrix. Younger Granite Porphyry, 
as described in the Metcalf Breccia section, contains 
locally resorbed euhedral bipyramidal quartz phenocrysts 
in an abundantly sericitized rock devoid of quartz veining 
(Figure 35). Drill hole intercepts indicate that the 
King Breccia grades into the Younger Granite Porphyry plug 
approximately 700 feet (215 m) below the surface.

Structural Relationships
Basin and Range faulting, exhibited by the 

Kingbolt and Cliff fault zones, cuts through the Older 
Granite Porphyry west of the King Breccia striking
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Figure 35. Photomicrograph of Younger Granite Porphyry at King
Breccia Contact. —  Large euhedral quartz (q) phenocrysts 
and major sericite alteration of feldspar (f) phenocrysts 
in a matrix (m) of quartz, K-feldspar, and sericite.
Note the scarcity of fluid inclusions in the quartz 
phenocrysts as compared to Figure 57. Black areas are 
open space (o). Polarized light, 40X.
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N 10° E to N 15° W and dipping 80° NW to 80° SW (Figures 
36 and 37). Iron oxide capping is associated with these 
fault zones. The Standard Canyon fault, which strikes 
N 35° E and dips 85° SE, closely parallels the south
eastern contact between the Younger Granite Porphyry plug 
and the Older Granite Porphyry stock. The King Breccia 
is located 100 feet (30 m) northwest of the fault zone.
A distinct sheeting occurs at the contact between the 
King Breccia and the Younger Granite Porphyry plug 
parallel to the contact (Figure 38). A zone of tectonic 
brecciation, intersected by underground drifting, extends 
for approximately 250 to 300 feet (60 to 90 m) around the 
southern and southeastern contacts of the King Breccia. 
Rhyolite dikes locally intrude faults of Basin and Range 
attitude west of the breccia.

Other post-King Breccia fractures strike N 70° W 
and dip 55-60° SW. These faults contain abundant iron 
oxide staining and chrysocolla mineralization and, as 
indicated by drilling, host significant chalcocite- 
covellite enrichment of pyrite at depth.

Composition
The King Breccia is composed of angular to sub

rounded fragments of variable size ranging from micro
scopic to clasts 140 feet (43 m) in length, exhibiting a 
mode of two to four inches 5 to 10 cm) in diameter. The
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Figure 36. Geology of the King Breccia
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Figure 37. Hypothetical Cross Section of the King Breccia— Looking 
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Figure 38. Outcrop of King Breccia at Southern Contact. —  Note 
the sheeting at contact; contact is approximately 
parallel to sheeting.
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fragments comprise approximately 60 percent of the 
breccia, and the matrix makes up the remaining 40 percent. 
Rock types present as fragments include Older Granite 
Porphyry (75 percent), Precambrian granite (10 percent), 
monzonite porphyry (5 percent), quartz vein fragments 
(5 percent), and Younger Granite Porphyry (5 percent).

Older Granite Porphyry fragments, ubiquitous 
throughout the breccia, range in size from microscopic to 
a block 140 feet (43 m) in diameter, with a mode of three 
to four inches (7 to 10 cm) (Figures 39, 40, and 41).
The larger blocks, like those in the Metcalf Breccia, 
appear to have floated within the breccia and are sur
rounded by much smaller fragments, on the order of three 
to four inches (7 to 10 cm). The largest block was 
located approximately 500 feet (150 m) below the surface 
in the center of the King Breccia from the Metcalf Under
ground Adit. The next largest clast encountered was 12 
feet (3.7 m) long by 10 feet (3m) wide. The angular to 
subrounded Older Granite Porphyry fragments consist of 
anhedral, 3-5 mm quartz phenocrysts, euhedral to subhedral 
1-2 mm grains of plagioclase and orthoclase phenocrysts, 
and accessory euhedral phenocrysts of biotite in a matrix 
of anhedral quartz, orthoclase, and albite. The plagio
clase phenocrysts, where preserved, exhibit Carlsbad and
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Figure 39. King Breccia in Metcalf Underground Adit. —  Angular 
fragments in adit 600 feet (180 m) below the surface 
outcrop of the breccia.
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Figure 40. King Breccia Rock Slab near Eastern Contact. —  Subangular 
to subrounded fragments of Older Granite Porphyry (ogp), 
Precambrian granite (g), and quartz veining (q) in a 
matrix (m) of quartz, orthoclase, sericite and rock flour.

Figure 41. King Breccia Rock Slab from Underground Adit. —  Angular 
fragments of Older Granite Porphyry in a matrix of rock 
flour, quartz, orthoclase, and disseminated chalcocite on 
pyrite. Note the quartz veining in the Older Granite 
Porphyry fragments cut off by breccia matrix and the 
mineralized quartz-sericite-pyrite veinlet cutting both 
matrix and fragments.



albite twinning and local zoning. The Older Granite 
Porphyry is commonly sericitized.

Precambrian granite fragments range from sub- 
angular to subrounded with a mode of two to four inches 
(5 to 10 cm) in diameter. They consist of anhedral 3-4 
mm quartz grains and 2-3 mm anhedral laths of plagioclase 
and orthoclase with intersertal microcrystalline quartz, 
K-feldspar, and plagioclase.

Subangular to subrounded monzonite porphyry frag
ments are erratically distributed in the King Breccia and 
exhibit a mode of two to three inches (5 to 7 cm) in 
diameter. The fragments are comprised of partially 
sericitized, 1-2 mm plagioclase phenocrysts in a 
thoroughly sericitized microcrystalline groundmass of 
quartz and K-feldspar.

Quartzose fragments were originally derived from 
quartz veins in the Older Granite Porphyry and are 
angular to subrounded, ranging from microscopic to two 
inches (5 cm) in diameter.

Younger Granite Porphyry fragments are subrounded 
to rounded. Like the Metcalf Breccia, they may reflect 
the first pulse of the Younger Granite Porphyry complex 
into the Older Granite Porphyry stock. No distributional 
zonation of these fragments with respect to the pipe 
margins was detected. Quartz phenocrysts in the Younger
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Figure 42. Photomicrograph of Contact between King Breccia (Right) 
and Younger Granite Porphyry (Left). —  Partially 
resorbed quartz phenocrysts (q) in Younger Granite 
Porphyry in a matrix (m) of K-feldspar, quartz, and 
sparse sericite alteration along with quartz (q) and 
plagioclase (p) phenocrysts in a matrix (lan) of quartz 
and sericite in the King Breccia matrix. Polarized 
light, 40X.

Figure 43. Photomicrograph of Contact between Younger Granite 
Porphyry Fragment (Above) and King Breccia Matrix 
(Below). —  Quartz phenocrysts (q) in a matrix (km) 
of K-feldspar and quartz in Younger Granite Porphyry 
and quartz fragments (f) in a matrix (km) of quartz 
and sericite in the King Breccia. Mote the truncation 
of quartz phenocrysts in the Younger Granite Porphyry 
by breccia matrix, and thin sericite rims around the 
quartz phenocrysts. Polarized light, 40X.
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Figure 42. Photomicrograph of Contact between King Breccia (Right) 
and Younger Granite Porphyry (Left).

Figure 43. Photomicrograph of Contact between Younger Granite 
Porphyry Fragment (Above) and King Breccia Matrix 
(Below).

i
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Granite Porphyry fragments are subhedral 3-4 mm crystals 
in a matrix of partially sericitized, microcrystalline 
K-feldspar and quartz (Figures 35, 42, and 43).

The King Breccia matrix contains approximately 60 
percent rhyolite and 40 percent rock flour. As in the 
Metcalf Breccia, the rock flour and rhyolite matrix are 
gradational phases (Figures 41 and 44). The rhyolite 
matrix consists of embayed 2-3 mm subhedral quartz pheno- 
crysts and 1-2 mm subhedral K-feldspar and plagioclase 
phenocrysts in a groundmass of microcrystalline K-feldspar 
and quartz exhibiting sericite alteration. The rock flour 
consists of angular to rounded quartz, Older Granite 
Porphyry, and granite fragments from microscopic to 0.25 
inch (.6 cm) in diameter surrounded by cryptocrystalline 
material of similar probable composition. Particles 
distinguishable as Older Granite Porphyry, quartz, and 
granite are subangular to rounded and range from micro
scopic to megascopic. Flow lineation is not uncommon in 
the King Breccia and is characterized by parallel flow of 
rock flour and small fragments around larger clasts.
Open space between fragments and matrix is estimated to 
be approximately two percent by volume.

Fragments in the King Breccia grade from large 
(one to twelve feet (0.3 to 3.7 m) in diameter) angular 
to subangular fragments comprising 90 percent of the
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Figure 44. Photomicrograph of King Breccia Matrix. —  Quartz (q) 
fragments and plagioclase (p) phenocrysts with albite 
twinning in a matrix of K-feldspar, quartz, and 
sericite (s). Blebs of pyrite are also present in 
matrix. Polarized light, 40X.
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volume in the center (Figure 39) to smaller (microscopic 
to one foot (0.3 m) in diameter) subangular to subrounded 
fragments comprising 50 percent of the volume at the 
contacts (Figure 40), The contacts are gradational to 
locally sharp and highly sinuous. A 50-150 foot (15-45 m) 
zone at the lower contact grades from 50 percent fragments 
at the top of the zone to approximately 95 percent at the 
bottom.

Alteration and Mineralization
The alteration in the Younger Granite Porphyry 

plug surrounding the King Breccia consists of pervasive 
sericitization of both the groundmass and the feldspar 
and biotite phenocrysts (Figure 35). Incipient re
crystallization of the borders of bipyramidal quartz 
phenocrysts to sericite has been noted.

Evidence of alteration of the fragments prior to 
their mobilization is present in the Older Granite 
Porphyry and granite. The fragments contain numerous 
quartz veinlets which range in size from 0.05 to one inch 
(2.5 cm) thick and are truncated at the fragment 
boundaries. These quartz veinlets are of two ages; the 
veinlets in the Precambrian granite are similar in 
character to those in all granite outcrops in the district 
and show no distinct increase in population near the
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breccia, while the veinlets in the Older Granite Porphyry 
show a distinct population increase near the breccias.

Locally silicified and sericitized fragments of 
Older Granite Porphyry and granite occur within the 
breccia. This sericitization has also pervasively 
affected the matrix such that any pre-breccia alteration 
has been obscured. Pervasive supergene argillic 
alteration has affected the feldspar and plagioclase 
phenocrysts and locally the sericitized groundmass.
Argillic alteration has also selectively altered the 
feldspar phenocrysts of the Younger Granite Porphyry plug.

Major element analyses of 50-foot composites 
obtained from diamond drill holes in the King Breccia area 
were contoured and plotted using an IBM "STAMPEDE" 
program. The maps show an increase in AlgOg, Fe, CaO,
KgO, and S and a decrease in SiOg, MgO, and NagO within 
and immediately surrounding the breccia (Appendix A).

Disseminated pyrite up to 15 percent by volume 
occurs at the breccia-Younger Granite Porphyry contact, 
and pyrite also occurs in veins, veinlets, and fault 
zones. Quartz-molybdenite and quartz-molybdenite-pyrite 
veinlets cut the King Breccia and Younger Granite 
Porphyry. Minor irregular quartz-sericite-specularite 
veinlets cut the Younger Granite Porphyry west of the 
King Breccia. Hypogene chalcopyrite sparsely disseminated
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deep within the King Breccia is partially replaced by 
chalcocite. Minor quartz-pyrite-chalcopyrite veinlets 
also cut the breccia and Younger Granite Porphyry. Most 
of the hypogene copper mineralization has been destroyed 
by subsequent oxidation and enrichment. An intense zone 
of chalcocite-covellite enrichment around the periphery 
of the King Breccia coincides with the well brecciated 
Younger Granite Porphyry breccia contact and the high 
pyrite envelope. The interior of the King Breccia is 
characterized by weak to moderate enrichment of 
chalcocite-covellite on pyrite in veinlets, fault zones, 
and as disseminations. Abundant maroon iron oxide capping 
occurs above the enrichment blanket. Chrysocolla and 
brochantite associated with iron oxide capping occurs 
locally in the breccia and commonly in the veinlets and 
fractures southeast of the Standard Canyon fault.

Candelaria Breccia

Geometry
The Candelaria Breccia, the northern most breccia 

mass studied, is located approximately 1.5 miles (2.4 km) 
northwest of the Metcalf Open Pit (Figures 1 and 3). The 
oval breccia is exposed over an area 2,700 feet (810 m) 
E-W by 1,900 feet (570 m) N-S (Figure 45), Five diamond 
drill holes are located on the southeast periphery of the
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Figure 45. Aerial View of the Upper Portion of the Candelaria 
Breccia, Looking West. —  Showing U. S. 666 Reroute 
and 5100 Panel Yard.



breccia, and the area was mapped twice during the period 
1970-1974. Contact orientations and drill hole data 
indicate that the Candelaria Breccia has the shape of a 
funnel (Figure 8, in pocket and Figures 46 and 47).

Surrounding Rocks
The Candelaria Breccia is located within the 

Older Granite Porphyry stock near its northeast contact 
with the Precambrian granite (Figure 1). Large Pre- 
cambrian granite xenoliths occur in the Older Granite 
Porphyry as eroded remnants on hill tops surrounding and 
locally abutting the breccia mass. Dikes and plugs of a 
younger rhyolite breccia intrude the interior of the 
Candelaria Breccia.

Structural Relationships
The Candelaria Breccia is partially covered by 

the 5100 Panel Yard and old Coronado Mine dumps through 
the central portion of the area (Figure 8, in pocket). 
Due to the elevation differences between the upper and 
lower Candelaria Breccia masses, it was previously 
postulated that a large fault zone was covered by these 
dumps, However, field mapping around the edge of the 
dump produced no evidence for this interpretation.

Only minor recurrent thrusting in the Older 
Granite Porphyry related to the original Precambrian
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Figure 46. Outcrop of Candelaria Breccia-Older Granite Porphyry 
Contact. —  Photograph taken at southern contact of 
upper Candelaria Breccia along U. S. 666 Reroute. 
Contact dips approximately 60 degrees inward.

Figure 47. Northern Outcrop of Candelaria Breccia-Older Granite
Porphyry Contact. —  Taken at northern contact of upper 
Candelaria Breccia along U. S. 666 Reroute. The breccia 
is offset approximately two feet by a post-breccia 
normal fault. Contact dips approximately 79 degrees 
inward.
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regional stress was observed during field mapping. In an 
attempt to analyze the post-emplacement structural 
features within and immediately surrounding the Candelaria 
Breccia, the poles of 118 joints measured in the breccia 
mass and the poles of 232 joints and quartz veinlets 
measured in the rocks immediately surrounding the breccia 
were plotted on Schmidt equal area nets (Figures 48 and 
49). In Figure 48, poles to joint surfaces within the 
breccia indicate two dominant directions of jointing, one 
striking N 52* W and dipping 88° NE and the other 
striking N 29* E and dipping 84° NW. Figure 49 shows the 
poles to joint and quartz veinlet surfaces in rock types 
surrounding the Candelaria Breccia. These indicate one 
dominant direction striking N 29° E and dipping 84° NW,

Two large post-breccia structures cut the lower 
Candelaria Breccia, one striking N 30° W and dipping 86°
SW. Offset along this normal fault cannot be measured 
due to lack of marker horizons, The other large fault 
occurs at the northern periphery of the lower Candelaria 
Breccia and offsets the breccia contact approximately 
200 feet (60 m) in a right lateral sense. The fault 
strikes N 20° E and dips vertically,

A strong pre-breccia quartz veinlet and K-feldspar 
veinlet stockwork exists in the surrounding Older Granite 
Porphyry (Figure 50), and a quartz veinlet stockwork is



Figure 48. Schmidt Equal Area Lower Hemisphere Projection of 118 
Poles to Joint Surfaces and Fractures within the 
Candelaria Breccia. —  Contours are drawn at 2%, 3%, 
4%, 5%, 6%, 7%, and 8% and represent the percentage 
of points in individual circles of 1% area.
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Figure 49. Schmidt Equal Area Lower Hemisphere Projection of 232 
Poles to Joint Surfaces, Quartz Veins, and Fractures 
outside the Candelaria Breccia. —  Contours are drawn 
at 2%, 3%, 4%, and 5% and represent the percentage of 
points in individual circles of 1% area.
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Figure 50. Outcrop of Older Granite Porphyry Showing Quartz Vein 
Stockwork. —  Taken 200 feet south of southern 
Candelaria Breccia contact along U. S. 666 Reroute. 
Note the distinct high angle quartz veining, which is 
approximately parallel to the breccia contact.



84
present in the Precambrian granite xenoliths and in 
fragments within the Candelaria Breccia. Veining in the 
Older Granite Porphyry increases substantially as the 
breccia mass is approached.

Composition
The Candelaria Breccia is composed of equi- 

dimensional angular to subangular fragments of variable 
size, ranging from microscopic to a block of Precambrian 
granite 100 feet (30 m) long by 50 feet (15 m) wide with 
a mode of three to four inches (7 to 10 cm) in diameter 
(Figures 51, 52, 53, and 54), The fragments compose 
approximately 60 to 80 percent of the breccia and the 
matrix and open space makes up the remaining 20 to 40 
percent. Rock types present as fragments include Older 
Granite Porphyry (60 percent), Precambrian granite (25 
percent), quartz vein fragments (8 percent), Precambrian 
aplite (6 percent), and Precambrian Pinal Schist (1 
percent).

Older Granite Porphyry fragments are ubiquitous 
throughout the breccia and range in size from microscopic 
to an eight by twelve foot (2.4 to 3.6 m) clast, with a 
mode of three to four inches (7 to 10 cm) (Figures 51, 52, 
and 54). The Older Granite Porphyry fragments are equi- 
dimensional, angular to subangular, and are similar in
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Figure 51. Candelaria Breccia Rock Slab. —  Angular to subangular 
fragments of Older Granite Porphyry (ogp) and quartz 
vein let (q) fragments in a matrix (m) of quartz, sericite 
and specularite. Quartz veining and K-feldspar veining 
is cut off by the breccia matrix.

Figure 52. Typical Equidimensional Candelaria Breccia. —  Subangular 
to angular equidimensional fragments of Older Granite 
Porphyry (ogp) and quartz veinlet (q) fragments in a 
matrix (m) of quartz, sericite, and specularite. Note 
that the quartz veining in the Older Granite Porphyry 
is cut off by the breccia matrix.
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Figure 53. Outcrop of Candelaria Breccia. —  Showing the unsorted 
character of angular to subangular fragments of granite 
(g), Older Granite Porphyry (ogp) and quartz veins in a 
matrix of quartz, sericite, and rock flour. Taken on 
upper Candelaria Breccia above U. S. 666 Reroute.
Scale is in inches.

Figure 54. Candelaria Breccia Rock Slab with Specularite. —  
Angular to subangular fragments of Older Granite 
Porphyry (ogp) and quartz vein material (q) in a 
matrix (m) of quartz, sericite, and specularite. 
Sample collected in high specularite zone of upper 
Candelaria Breccia below U. S. 666 Reroute.



composition to those in the Metcalf and King Breccias. 
However, alteration is sparse sericite and common 
silicification.

Precambrian granite fragments are equidimensional, 
angular to locally subrounded, and range from microscopic 
to 100 feet long, with a mode of three to four inches 
(7 to 10 cm) in diameter (Figures 49 and 50). They 
consist of anhedral 3-4 mm quartz grains and 2-3 mm 
anhedral laths of plagioclase and orthoclase with inter- 
sertal microcrystalline quartz, K-feldspar, and plagio
clase.

Quartzose fragments were originally derived from 
veinlets in the Older Granite Porphyry and Precambrian 
granite. They are angular to subrounded, ranging from 
microscopic to two inches (5 cm) in width (Figure 54).

Precambrian aplite fragments, a textural phase of 
granite, are not uncommon within the Candelaria Breccia, 
They are equidimensional, angular to subrounded clasts 
which range in.size from microscopic to approximately 
four feet (1.2 m), with a mode of three to four inches 
(7 to 10 cm) in diameter. Sericite occurs in the aplite 
which is characterized by a micrographic intergrowth of 
anhedral quartz and orthoclase studded with 1-2 mm 
phenocrysts of quartz. Where the wall rocks surrounding 
the breccia are Precambrian granite and aplite, a large
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percentage of the corresponding fragments within the 
breccia are of the same rock types.

Seven, one to three inch (2 to 7 cm) fragments of 
Precambrian Pinal Schist were found within the central 
rhyolite breccia plug. They are subangular to subrounded 
fragments consisting of strongly foliated aggregates of 
anhedral orthoclase, quartz, and sericite, and euhedral to 
subhedral grains of muscovite, chlorite, and magnetite.
The orthoclase grains exhibit sparse sericitization.

The Candelaria Breccia matrix contains approxi
mately 40 percent sericite, 35 percent quartz, 5 percent 
specularite, and approximately 20 percent open space. A 
zone of abundant specularite, locally containing up to 
approximately 20 percent by volume, occurs in the northern 
half of the upper Candelaria Breccia. Although rock flour 
almost certainly exists within the Candelaria Breccia, it 
is difficult to recognize and to date, none has been 
identified. The specularite occurs as thin plates filling 
open space between fragments and matrix (Figure 54).

Only minor flow lineation is indicated in the main 
breccia mass, although it commonly occurs in the younger 
rhyolite breccia dikes and plugs and is characterized by 
parallel flow of rhyolite and small subrounded to rounded 
rock fragments.
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There appears to be no overall size or shape 

change in the Candelaria Breccia from the center to the 
contacts. Large fragments appear throughout the breccia 
but show no preferred distribution within the breccia 
mass.

The Candelaria Breccia has been intruded by dikes 
and plugs of a younger rhyolite breccia that contain 
smaller, subrounded to rounded reworked fragments of 
Older Granite Porphyry, Precambrian granite and aplite, 
and quartz veinlet fragments ranging from microscopic to 
three inches (7 cm) with a mode of 0.25 to one inch (1 to 
2.5 cm) in diameter (Figure 55), The matrix consists of 
anhedral 0.05 to 1 mm grains of quartz, K-feldspar, 
Carlsbad and albite twinned plagioclase, local rock flour, 
and minor subhedral 0,2-0.5 mm biotite grains (Figures 56, 
57, and 58). Sericite alteration of the K-feldspar and 
plagioclase aggregates is sparse but exists in moderate 
quantities between grain boundaries. Specularite is 
present as finer reworked plates that occur with the 
rhyolite breccia matrix. At the top of the rhyolite 
breccias, the matrix changes from dominantly rhyolitic to 
quartz, rock flour, rhyolite, and open space in varying 
amounts (Figure 59). The fragments are subrounded to 
rounded and quite jumbled, and range in size from
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Figure 55. Rhyolite Breccia Dike Rock Slab. —  Round to subrounded 
fragments of Older Granite Porphyry (ogp) and quartz 
vein material (q) in a matrix (m) of rhyolite, sericite, 
rock flour, and minor specularite. Maroon iron oxide 
staining is present along fractures.

Figure 56. Photomicrograph of Rhyolite Breccia Matrix. —  Albite 
twinned plagioclase (p) phenocrysts in a matrix of K- 
feldspar, quartz (q), and sericite (s). Note the large 
amount of open space. Polarized light, 40 X.
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Figure 57. Photomicrograph of Coarse Textured Rhyolite Breccia 
Matrix. —  Quartz fragment (q) with numerous fluid 
inclusions, and plagioclase (f) phenocrysts exhibiting 
albite twinning in a matrix (m) of quartz, K-feldspar, 
and sericite. Note the open space (o) in matrix. 
Polarized light, 40X.

Figure 58. Photomicrograph of Coarse Textured Rhyolite Breccia
Matrix in Plane Light. —  Same photograph as Figure 57. 
Quartz is stippled with fluid inclusions (fi).



Figure 59. Outcrop at the Top of a Rhyolite Breccia Plug. —  Sub- 
angular to rounded fragments ranging in size from 
microscopic to two inches (5 cm) of Older Granite 
Porphyry, granite, and quartz vein material. Note the 
well milled character of the breccia. The matrix is 
rock flour, quartz, K-feldspar, plagioclase, and 
sericite. Scale is in inches.



microscopic to one inch (2.5 cm) in diameter. Fragments 
make up approximately 85 to 90 percent of the rock.

Alteration and Mineralization
Alteration in the Older Granite Porphyry sur

rounding the Candelaria Breccia consist of rare to locally 
common sericitization of the groundmass, which is mostly 
destroyed by later pervasive supergene argillic alteration. 
The Older Granite Porphyry surrounding the breccia exhibits 
a major stockwork of quartz veinlets and minor quartz- 
sericite veining that decreases with distance away from 
the breccia (Figure 50). On the northwest side of the 
upper Candelaria Breccia, a stockwork of quartz veinlets 
and K-feldspar veinlets is present. As with the quartz 
veining, it clearly indicates pre-breccia alteration by 
its occurrence within the rotated breccia fragments 
(Figures 60 and 61).

Syngenetic Candelaria Breccia alteration is in
dicated by the minor partial to complete replacement of 
fragments in the breccia. Commonly the sericitization of 
these fragments is indicated by differing degrees of 
sericite development occurring along post-breccia 
fractures. The quartz and sericite matrix is believed to 
be a syngenetic breccia relationship, Sericite makes up 
approximately 40 percent of the matrix and appears to 
decrease in amount toward the top of the breccia.
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Figurv 60. Older Granite Porphyry Rock Slab. —  Anhedral quartz 
phenocrysts are in a grouncknass of quartz, orthoclase, 
albite, and biotite. Note the K-feldspar and quartz 
veining. The sample was collected on the northwest 
periphery of the Candelaria Breccia.

Figure 61. Photomicrograph of Older Granite Porphyry. —  Zoned 
plagioclase (p) phenocrysts and a biotite (b) pheno- 
cryst in a matrix of quartz and K-feldspar. Minor 
sericite alteration is also evident. Polarized light 
4QX. '
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Cryptocrystalline quartz in the matrix shows a strong 
increase toward the top of the breccia and at the north 
and south contacts of the upper part, The upper 200 feet 
(60 m) of the breccia contains approximately 50 percent 
fragments, 35 percent silica, and 15 percent open space.
No evidence for alteration of the country rock by the 
breccia matrix was observed,

As stated above, evidence of alteration in the 
fragments prior to mobilization is present in the Older 
Granite Porphyry and granite. The fragments contain 
numerous quartz voinlets which range in size from micro
scopic to two inches (5 cm) thick and are truncated at the 
fragment boundaries (Figures 62, 51, and 52). These 
quartz veinlets appear to be of two ages. The Precambrian 
granite veinlets appear to be older than the Older Granite 
Porphyry quartz veinlets and do not show an increase in 
population as the breccia is approached. The Older 
Granite Porphyry fragments also exhibit K-feldspar veining 
as previously indicated, and these fragments occur through
out the northwest portion of the upper Candelaria Breccia 
(Figure 60).

Hypogene chalcopyrite was not noted either as 
disseminated grains or small veinlets within the 
Candelaria Breccia or the country rock. Pervasive 
suporgcnc alteration has been superimposed on the
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Figurr 62. (Xitcrop of Fragment of Precambrian Granite in Candelaria 
Brtx'cia . —  Fragment mna^ures 2.5 feet (0.75 m) by 2 feet 
(0.6 m) and is surrounded by ^nailer angular fragments of 
both granite and Older Granite Porphyry. Photograph 
taken on southern half of upper Candelaria Breccia.
Scale is in inches.
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country rocks, fragments, and locally on the breccia 
groundmass, No evidence for post-breccia hypogene al
teration was encountered within the pipe. The southeast 
portion of the lower Candelaria Breccia contains a zone 
of erratic iron oxide with copper sulfide enrichment 
localized as covcllite and chalcocite replacing pyrite in 

. faults and fractures and as disseminations away from 
those structures. Specularite, occurs in the breccia 
matrix as numerous tiny plates in open space in the 
fragments and matrix (Figure 54). Chrysocolla appears 
locally on fractures and joint surfaces within the breccia 
and at the southeast contact between breccia and Older 
Granite Porphyry in Chase Creek, where it was explored by 
numerous open cuts and trenches. At the northern lower 
Candelaria contact high grade chrysocolla, iron oxide, 
and tenorito fill open spaces between fragments and along 
fractures (Figure 63). Also occurring within this contact 
area are two rare mineral accumulations that have recently 
been identified by X-ray analyses as bisbeeite and 
conichalcito (Figure 64).

Abundant maroon iron oxide capping formed from 
destruction of specularite may contain inter-molecular 
copper, Chemical analyses yielded 0,05 to 0,09 percent 
copper within the high specularite zone.
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Figurv 63. Outcrop of Chrysocolla and Iron Oxide at the Candelaria 
Bnx^cia Contact. —  In Older Granite Porphyry at the 
northern contact of the lower Candelaria Breccia east 
of the 5100 Panel Yard. Scale is in inches.

Figure 64. Outcrop of Conichalcite at the Candelaria Breccia
Contact. —  Conichalcite (green) and minor chrysocolla 
in breccia at the northern contact of the lower 
Candelaria Breccia east of the 5100 Panel Yard. 
Location is 20 feet (6 m) south of Figure 63. Scale 
is in inches.



GEOCHRONOLOGY OF THE MORENCI-METCALF DISTRICT BRECCIAS

The geochronology of the Morenci-Metcalf district 
as interpreted from field relationships, diamond drill 
core data, potassium-argon age dating and petrology is 
shown in Table 1. Fragments of Precambrian granite and 
aplite in all of the breccias, along with Pinal schist in 
the Candelaria, represent the oldest formations traversed 
by the breccias. Fragments of doubtful origin but 
possibly of Paleozoic sedimentary rocks are associated 
with the Morcnci Breccia.

Field evidence indicates that the monzonite 
porphyry laccolith, on the Morenci side of the district, 
and the stock, located on the Metcalf side, were emplaced 
prior to the youngest sialic intrusive complex. The 
Older Granite Porphyry stock generated a contact breccia 
zone against and into the monzonite porphyry laccolith, 
and numerous dikes of Older Granite Porphyry traverse the 
laccolith in a N 20-40° E direction. A diabase dike 
intrudes the monzonite porphyry along the Quartzite fault 
zone and appears to bo truncated by the Older Granite 
Porphyry stock. Monzonite porphyry fragments are the most 
common clasts associated with the Morenci Breccia, and
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Table 1. Early Cenozoic Geochronology Relative to Morenci- 

Metcalf District Breccia Formation
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occasional fragments have been found within the King 
Breccia. Drill hole data indicates that the monzonite 
porphyry fragments in the King Breccia may have been 
derived from local monzonite porphyry xenoliths within the 
Older and Younger Granite Porphyries. The Morenci Breccia 
partially truncates the diabase dike of which fragments 
are not uncommon within the breccia.

The Older Granite Porphyry stock is the earliest 
intrusion of the youngest sialic intrusive complex. Per
vasive alteration of the monzonite porphyry and Older 
Granite Porphyry is exhibited by the exposed phyllic 
(quartz-sericitc-pyrite) alteration zone. Fragments in 
the Morenci Breccia show the same degree of pervasive, 
sericitization as the wall rocks, while the breccia matrix 
is comprised principally of quartz and K-feldspar. 
District-wide phyllic alteration is not as well documented 
in the King, Metcalf, and Candelaria Breccias due to an 
intense supergene argillization of the rocks surrounding 
those breccias.

The Morenci Breccia appears to have intruded 
along a pre-existing structural feature within the 
monzonite porphyry following the main stage district 
sericitization and preceding the completion of the 
development of the potassic alteration stage. After the 
breccia mass solidified, the principal alteration was
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biotite-K-feldspar-quartz and minor sericite. Therefore, 
the Morenci Breccia occurred between the main stage 
district phyllic alteration and the continuing development 
of the potassic core. This phenomena is evidenced by 
piercement of the phyllic zone by potassic-type alteration 
along the Morenci Breccia. Fluid inclusion population 
studies on quartz of the Morenci Breccia matrix indicates 
that the breccia is more closely related to the Older 
Granite Porphyry intrusion than to the Younger Granite 
Porphyry complex. The aplitic envelope that surrounds 
the Morenci Breccia is interpreted as a textural change in 
the wall rock which occurred during breccia formation.
The breccia directly in contact with the aplitic envelope 
contains only a small number of aplite fragments, and 
these clasts are believed to have been derived from Pre- 
cambrian aplite dikes and irregular masses in the Pre- 
cambrian granite.

The Older Granite Porphyry has been intersected by 
a stockwork of quartz and less abundant quartz-sericite 
veining. K-feldspar veinlets occur locally and appear to 
have formed contemporaneously with the quartz veining.
All three types of veinlets are present in the fragments 
of the Candelaria and Metcalf Breccias, with only IG- 
feldspar veinlets absent in the King Breccia. These 
veinlets are all truncated at the fragment boundaries.
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The Precambrian granite also contains a stockwork of 
quartz veining that occurs truncated within the breccia 
fragments. No pre-breccia veining was identified in any 
fragments in the Morenci Breccia. The Metcalf-King 
Breccia group and the Candelaria Breccia formation 
followed the quartz veinlet episode. There is no definite 
evidence to indicate a temporal difference between these 
breccia masses, although some difference is suggested by 
their origins, as will be discussed later.

The Younger Granite Porphyry intrusion can be 
divided into four distinct stages on the basis of this 
evidence:

(1) Younger Granite Porphyry fragments occur 
within the Metcalf and King Breccias.

(2) The matrix of the Metcalf and King Breccia 
bodies is a rhyolite locally grading to 
rhyolite porphyry or Younger Granite Porphyry, 
lacking only the euhedral bipyramidal 
character of the quartz phenocrysts.

(3) The Metcalf and King Breccias are engulfed by 
a large 1,5 mile diameter (2,4 km) Younger 
Granite Porphyry plug.

(4) Structurally controlled rhyolite breccia 
dikes cut through the Metcalf and King 
Breccias and the Younger Granite Porphyry plug.
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Rhyolite breccia dikes and plugs also intruded 

the Candelaria Breccia subsequent to the formation of the 
Candelaria Breccia matrix of sericite, quartz, and 
specularite. These dikes and plugs are probably also 
related to the late stages of the Younger Granite Porphyry 
series.

The main stage district mineralization and its 
associated quartz-sericite veinlet alteration appears to 
post-date the district breccia formation and pre-date 
emplacement of the Younger Granite Porphyry plug. In the 
Morenci Breccia, all mineralized veinlets cut both the 
fragments and matrix, and disseminated pyrite is 
distributed evenly through the fragments, matrix, and 
country rocks. In the Metcalf and King Breccias the main 
stage district mineralization appears as disseminated 
blebs, veinlets, and local matrix material, although 
major chalcocite-covellite and pervasive supergene 
argillization make interpretation difficult. In the 
southwest periphery of the Morenci Breccia, molybdenite 
and chalcopyrite occur as matrix material. Both the 
Metcalf and King Breccias exhibit late stage quartz- 
sericite-pyrite-chalcopyrite veinlets that intersect both 
the breccia and the Younger Granite Porphyry plug, No 
main stage veinlet mineralization was observed in the 
Candelaria Breccia or adjacent country rocks.
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Pyrite occurs throughout the mineralization 

history of the district. Its occurrence in the breccias 
indicates both a syngenetic and post-breccia emplacement 
and in the rocks surrounding the breccias a pre-breccia 
pyritization is suggested. This widespread distribution 
of pyrite makes it of little use as a temporal guide in 
the breccias.

Fault controlled, rhyolite dikes cut all the 
previous lithologic units, and no mineralization was 
found in these dikes.

Volcanic cover followed the youngest sialic 
intrusive complex and although it is now absent from the 
central part of the district, it at one time covered all 
the pre-volcanic rocks. Supergene mineralization is 
present in all of the district breccias and enriches 
material in portions of the King and Metcalf Breccias to 
ore grade. Headwater erosion removed the volcanics from 
the center of the district and partially destroyed the 
enrichment blankets leaving the topography largely as it 
appears today.



EXISTING THEORIES ON THE ORIGIN OF BRECCIAS

Many articles in the literature have presented 
theories on the origin of breccia formation including 
papers by Johnston and Lowell (1961), Bryner (1961), Bryant 
(1968), Eyrich (1971), Reinhardt (1972), Norton and Cathles 
(1973), and Mitcham (1974). The following summary has been 
derived from these articles.

Principal theories which may be applicable to the 
Morenci-Metcalf district breccias are: (1) Explosion,
(2) Subsidence, collapse, or shrinkage, (3) Fluid intrusion 
or fluidization, (4) Tectonic, (5) Igneous intrusion, (6) 
Solution and replacement, and (7) Products of exolved 
vapors. Chemical brecciation (Sawkins, 1969) and hydraulic 
ramming (Kents, 1964) have not been considered sufficiently 
separable as agencies of brecciation to warrant individual 
discussion for this district. The principal types listed 
above will be considered and applied to the Morenci-Metcalf 
district breccias.

(1) Explosive action of confined magmatic fluids 
results from the instantaneous release of fluid, usually 
gas, commonly resulting when the total pressure is less 
than the fluid pressure. Explosion and upward streaming is 
thought to result in a vertical or near vertical opening.
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Rock previously occupying the column space is broken, 
mostly as equidimensional fragments, rotated and re
distributed by the expanded gas. Fragments of country 
rock and rock flour may fill most or all of the vent. The 
pipe may be wholly or in part filled by a later igneous 
intrusion, or other smaller breccia pipes (Walker, 1928, 
Emmons, 1938, and Richard and Courtright, 1958).

(2) Subsidence breccias are formed by the volume 
shrinkage of crystallizing magmas, by reduction of volume 
by mineralization stoping, or by collapse above cupolas 
during periods of low magmatic pressure or magma with
drawal. This process is a continuation of recurrent up 
and down 'pumping' action, or surging of some igneous 
intrusions (Locke, 1926, and Perry, 1961).

(3) Fluid intrusion or 'fluidization' proposes 
that brecciation and mixing of fragments developed by the 
suspension and transportation of solid particles in an 
upward flowing fluid or relatively viscous hydrous medium 
derived from a magmatic source and having a lower density 
than that of the particles (Farmin, 1934, Bryant, 1968, 
Reynolds, 1954, and Eyrich, 1971).

(4) Brecciation formed during tectonic activity at 
fault intersections or shear zones or at bends in faults
may form columnar pipes or breccia zones. Commonly this 
type is characterized by an irregular outline and by 
involvement of two or more wall rocks. The fragments,
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which may be rounded, are found at the place of origin or 
are dragged a determinable amount according to the fault 
movement (Butler, 1913, Waters and Campbell, 1935, and 
Kuhn, 1941).

(5) Intrusion, contact, or protoclastic breccias 
form columns or dikes by the physical force of intrusion 
or by the push or drag of a viscous intruding magma, 
generally restricted to the igneous contact. The matrix 
is commonly igneous, and the fragments may be broken and 
sheared wall rock (Waters and Krauskopf, 1941, and numerous 
writers).

(6) Solution and replacement breccias form by 
corrosion along fractures and by the modification of 
broken rocks by solutions ascending through tectonic or 
other breccias. These breccias consist of angular to 
rounded clasts surrounded by vuggy ore and gangue minerals 
instead of finely comminuted rock. Boulders show little
or no displacement and are rounded in situ by the corrosion 
or replacement of the corners and edges by hydrothermal 
solutions that were relatively confined and exhibited 
solvent action (Butler, 1913, and Kuhn, 1941).

(7) Another breccia formation mode is the 
exsolution of magmatic water as the pluton ascends to 
shallower depths, thus forming a prebreccia void. The void 
becomes trapped for a time beneath the rind of the pluton 
until eventual piercement of the rind by this hydrous
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bubble commences stope caving and filling of the void 
with breccia material (Norton and Cathles, 1973). These 
existing theories, and modifications or combinations of 
these theories will be utilized to propose plausible 
mechanisms for the formation of the Morenci-Metcalf 
district breccias.

Table 2 presents for comparison the common 
geologic characteristics expected in each theory. As is 
evident from the tables, ambiguities are present when 
differentiating between the theories and overlap is
common.



Abbreviations for Table 2

Minerals Miscellaneous
car carbonates fx fracture
Q quartz horz horizontal

incr increase
Rocks irr irregular
grd granodiorite lith lithology

mega megascopic
Miscellaneous min minerals
alt alteration micro microscopic
ang angular mtx matrix
bx breccia op sp open space
circ circular repl replacement
ct contact rk rock
deer decrease rk fl rock flour
ell elliptical rd rounded
equid equidimensional sbang subangular
fit fault sbrd subrounded
ft feet text textures
fg fragment vert vertical



Table 2. Geologic Characteristics of Proposed Breccia Types

THEORIES GEOMETRY FRAGMENTCOMPOSITION FRAGMENT SIZE FRAGMENTSHAPE A ROLT'DNTSS MATRIX POROSITY ALTERATION-MINERALIZATION NUMBER OF BRECCIAS REMARKS

EXPLOSION

Circ, oval, or ell. Shallow or deep. Vert or near vert; funnel- shaped, flared near top.

Rks of all formations traversed by pipe. Commonly igneous. Chaotic mingling of lower & higher liths.

Micro to several hundred ft. Fgs commonly in one size range.

Equid, rotated 6 Jumbled. Ang more than sbang.
Only bx. Igneous, or ore min and ganguc. Minor rk f1. Void space.

Fgs > mtx. Very permeable. Doth post-pipe. Fresher cores, altered margin. Op sp filling text.

Numerous. Repeated episode* of brecciatlon. Brecciation has small effect on surrounding formations . No structural control.

SUBSIDENCE, COLLAPSE f 6 51!Ri:.7ACE

Circ, oval, or polygonal. Steep to vert axis. Vert» Horz. Cora- ncnly cluster around intrusive margins.

Mostly igneous, altho sediments are common if in higher reaches.

Micro to several hundred ft. Commonly large.
Ang to well rd. Heterogeneous. Fgs > mtx. Minor to cirmmon rk f 1. Igneous, ore min L ganguc.

Fgs > mtx, ±. Very permeable. Doth post-pipe. Op sp filling text > repl.
Numerous, Commonly intrusive controlled. Fg movement downward.

FLUIDINTRUSION 6 FLUIDIZATION

Irr dikes, sills, masses. Rks of all formations traversed. Commonly igneous.
Micro to>100*. Commonly small size range, abundant milling.

Veil rd to sbang. Heterogeneous. Comminuted rk f1 A ’magmatic mud*, pebble dikes.
Fgs5 mtx. Locally permeable. Local channel choking by fgs.

Doth post-pipe. Some indication of eyn-plpc mineralization. repl text.

Numerous. Structurally controlled emplacement. Intrusion breccia.

IGNEOUS INTEL'S ICN
Ct controlled, discordant. Irr masses L  sinuous dikes.

Igneous and ct rks. Micro to Mega, commonly medium to large.
Well rd to sbang, ell. Heterogeneous.

Igneous, some rk fl. Fgs = mtx, ±. Locally permeable Doth post-pipe. Some syn-breccia alt.
Commonly small number, sometimes numerous.

Structurally controlled emplacement, Intrusion breccia.

TSCTONTC
Fit controlled, lenticular to pipe-like. Some irr masses.

Rks of formations in which fit occurs and all formations traversed by bx.

Micro to blocks >100*. Commonly fine size mode.
Well rd to sbrd, ell. Heterogeneous.

Rk fl, ore min,& ganguc. Gouge. Fgs > mtx, commonly. Very permeable.
Doth post-pipe,& some syn-pipc. Both repl 6 op sp filling text.

Numerous. Structurally controlled emplacement. Controlled by pinch-and- swell of curved fits.
SOLUTION 6 REPIACEMENT

Circ or ell. Vert>  Horz. Igneous. Overlying units only. Micro to several hundred ft, commonly large.
Ang to rd, ell. Homogeneous. Ore min & ganguc. Minor igneous & rk fl. Some void space.

Fgs > mtx. Very permeable. Both syn-breccia & post-breccia. Repl tcxt> op sp filling.
Numerous. Gentle collapse accompanies brecciation. Commonly structural ly controlled.Fgs downward.

PRODUCTS OFEXSOL'.TDVAPORS

Elongate with vert axis• Horz width ratio >3:1. Horz & vert sheet fxs present at apex.

t.rd stocks arc enclosing rks. fgs mostly igneous, higher units.

Mixing It rk rotation greatest in lower portions. Micro to 30 cm. Grade upward to minor displaced blocks.

Ang at apex to lath-like & sbang near bottom. •
Minor rk fl. Mtx commonly cemented ore min, Q, & cat

Fgs > ntx. High permeability.Incr in sheet fxs 6 deer in fgs at apex.

Both post-pipe. Op sp filling> repl text.
Single or numerous; typically one large, one per stock.

Usually no downward terminations, No structural control. Fg movement downward.
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ORIGIN OF THE MORENCI-METCALF DISTRICT BRECCIAS

The breccias of the Morenci-Metcalf district have 
evolved during the formation of the youngest sialic in
trusive complex. As shown in Figure 3, all of the breccia 
masses except the Morenci Breccia occur within the Older 
Granite Porphyry stock. The Metcalf, King, and numerous 
smaller breccias of similar characteristics occur within 
the Younger Granite Porphyry plug. For ease of reference, 
the available factual information on the Morenci-Metcalf 
district breccias is recorded in Table 3.

Morenci Breccia
The Morenci Breccia is a structurally controlled 

intrusion breccia. During the final ascent of the Older 
Granite Porphyry a portion of the magma apparently en
countered a large permeable and open thrust fault within 
the monzonite porphyry and a low viscosity granitoid- 
textured igneous matrix material injected along the fault 
zone. The oblate lenticular shape of the breccia mass 
indicates advancement along "pinch-and-swell" structures. 
The change from a somewhat passive to an active transport
ing phase may have been the result of a change from 
contact-controlled to open fault-controlled intrusion
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Abbreviations for Table 3

Minerals Miscellaneous
bio biotite agg aggregatebroch brochantite alt alteration
cc chalcocite ang angular
cp chalcopyrite bx brecciachry chrysocolla ct contact
cv covellite dia diameter
feld feldspar diss disseminatedmb molybdenite ell elliptical
py pyrite equid equidimensional
Q quartz fit faultser sericite i feetspec specularite fg fragment

fx fractureRocks grad gradationalapl aplite in inches
db diabase int intensegr granite mtx matrixmp monzonite porphyry micro microscopic
ogp Older Granite Porphyry min minerals
P porphyry mod moderateqtzt quartzite op sp open spacerhy rhyolite par parallelsch schist perv pervasivesh shale rk rock
ygp Younger Granite Porphyry rk fl rock flourrd . roundedGeologic Time sbang subangular
PC Precambrian sbrd subroundedstr strong

Alteration vn veinarg argillic vnlt veinlet
sil silicification vert vertical

% weight percent
wk weak



Table 3. Characteristics of the Morenci-Metcalf District Breccias

KMC CIC^ETBY
HOST ROCK 

AND CONTACT

FRAGMENTS MATRIX

ALTERATION - l
1) PRE-BRECCy
2) SYN-BRECCIA

MINERALIZATION 
i HYDROTHERMAL 
i HYDROTHERMAL . 
[A HYDROTHERMAL

REMARKS
ROCK TYPES 

(-%)
SIZE, SHAPE,

& DISTRIBUTION
MINERAL

C0W0SITI0N-%
TEXTURE 6 
DISTRIBUTION

3) POST-BRECC1
4) SUPERGENE

MOMMCI

Oblate lentic
ular; 250*(E-W 
x 75-2001(vert 
x 1600' (N-S). 
Dips 20-28*K 
par to PC fits

Mp laccolith. 
Grad with apl, 
apl grad Into 
ap; bx discon
tinuous beyond 
op-ogp ct.

Mp 70
PCgr 15
db 10
PCapl 3

Sro"’} =

Micro to 3', mode 
1-2 In; ang to 
subrd. Lath-like 
at cts to ell at 
center. No void 
space. Well mixed 
fgs. Increase db 
fgs to W & gr fgs 
to E. fg:mtx • 
70:30, constant.

K-feld 60
q 30
Bio 3
Ser 7

Granitoid. Plov 
1location at 
footwall. Trans 
port Sward at 
20-28*.
Min 85%
Rk fl 15%

1) ser 6 local Sll.
2) partial K-feld. •
3) Q-aer vnlts.
4) Str perv arg, ex

cept bx mtx.

1) None.
2) None.
3) Dies py, 50:50-fg: 

mtx; Q-ser-py, Q-mb, 
Q-ser-cp vnlts.

4) Wk cv-cc on dies py. 
Turquoise, wavel- 
llte, & slunlte.

#*7CA1F

Oval (as expos
ed), 650' dla, 
dip untmown, 
presumed vert.

Ygp plug. Sharp
& somewhat
sinuous, near 
vert.

Ogp 65
y g p 5
PCgr 5
Q vns 5

Micro to 130', 
mode 3-4 in; ang 
to sbrd. Ell to 
equld, 5% void 
space. Center 95% 
ang fga to 60% 
sbrd at eta, fgt 
mtx ■ 60-80:20-4(1

Ser 30-60 
K-feld 10-40 
Q 0-30

Rhyolitic to 
fragmental.
Minor flew lin
en t ion, random.
Min 60%
Rk fl 40%

1) Q vning & minor K- 
feld vning In ogp,
Q vning in gr.

2) local Sll in fgs
3) Str ser in mtx, wk 

in fgs, minor Q-ser* 
spec vnlts.

4) Mod perv arg alt.

1) No data.
2) minor die# py.
3) Q-ser-sprc vnlts, 

str py dies, in 
fits, & vnlts. Dike 
to SW has eb-cc- 
minor cp dies & se 
mtx.

4) Local chry on fxe. 
Wk cc on py dies.

KDM3

o w l ,  600' (E- 
W)« TOO* (*-8) 
x 700' vert.

Ygp plug. Ct
obscured by
alt, sinuous & 
steep dip.

ogp 60
PCgr 10
Q vns 5

Z, !

Micro to 140', 
mode 2-4 In, ang 
to abid. Ell to 
equld. 2% void 
space. Center 95% 
ang fga to 50% 
sbrd at cts. fg: 
mtx • 60:40.

ger 30-60 
K-feld 10-40 
Q  0-30

Rhyolitic to 
fragmental. 
Local flow lin* 
eation, random 
Min 60% 
R k f l 4 0 %

1) Q vning in ogp & gs
2) local Sll in fga.
3) Str ser mtx, & mod- 

str ser of fgs. Q- 
acr-py vnlts.

4) Str perv srg alt.

1) Mono
2) Wk dies py.
3) cp wk dies, minor 

Q-py-cp vnlts, str 
dies py, Str Q-ecr- 
py vnlts. Q-mb & 
Q-mb-py vnlts.

4) Str cc-cv on py & 
cp(7) on fxe, vnlt% 
fits, & dies. Chry 
& broch on fxe.

She#ted wall wk
at c t.

oumeumu

Oval, Inverted 
cone, 2700' 
(E-V)x 1900' 
(N-S), vert
exposure 17001

Ogp stock. Cts 
sharp, linear, 
& 50-70*.

ogp 60
PCgr 25
Q vns 6
PCapl 6
PCsch 1

Micro to 100'x50', 
mode 3-4 in, ang 
to abang, Equld. 
15-20% void apace, 
Rk sonatlon-fgs 
roughly match 
wall rk typea 
near cts. fg:mtx- 
60-80:20-40

ger 40
Q 35
O p s p  20
gpoo 3

Tightly cement
ed agg by Q, 
•er, & spec. 
Local flew lin- 
cation, rough* 
vert.
Min 95%
Rk fl 5%

1) Q vning in ogp & 
gr; K-feld vning In
ogp.

2) Sll in mtx, str at 
top of bx; ser bx 
mtx.

3) Q-ser vnlts, miner 
Q-ser-py vnlts.

4) Mod to Int arg.

1) None,
2) Op ep filling by 

spec in bx mtx,
3) Py in fits; minor 

Q-ser-py vnlts.
4) Conichelclte, ble- 

beeite, chry, & 
iron oxide at cts; 
local chry on fxe 
in bx,cc on py in 
vnlts, fits, 6 die#

Rhy bx as plugs & 
dikes intrudes cen
tral part of bx; 
has small sbrd to 
rd fgs of pre
existing rk typee- 
ogp, gr, 6 Q vma. 112
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(Bryant, 1968). The intrusive matrix suspended the broken 
material in the fault zone and incorporated parts of the 
wall rocks. The overall transportation was upward and the 
breccia was deposited when the channel narrowed and became 
choked with fragments. The final movement must have been 
slow because lineation of fragments is present at all 
contacts. As the breccia cooled, gravitational settling 
deposited a zone of lath-like fragments at the footwall. 
Even when the channel became choked, the matrix may have 
continued to intrude the country rock. An aplitic 
envelope surrounds the Morenci Breccia and although this 
is not a normal occurrence and the kinetics appear to be 
probematic, it is concluded that the formation of the 
aplitic envelope is related to the brecciation for the 
following reasons:

1. The aplitic envelope surrounds the breccia, 
being characteristically a thin zone on the 
sides and hanging wall, but extends southward 
at the footwall contact for approximately 250 
feet (75 m).

2. The aplite, where exposed, exhibits a grad
ational contact with the Morenci Breccia.

3. The aplitic envelope grades peripherally into 
a coarser grained granitic texture character
ized by K-feldspar overgrowths on original 
feldspars and this material ultimately grades
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into Precambrian granite or monzonite 
porphyry.

4. No distinct increase in aplite fragments are 
present near the breccia-aplite contact, al
though elsewhere diabase fragments do show an 
increase at the breccia-diabase contact.

Encroaching potassic (biotite ± K-feldspar ± 
quartz) alteration formed within the matrix and along 
fractures subsequent to district pervasive sericitization, 
breccia crystallization, and microfracturing. After a 
period of quiescence, the Morenci Breccia was fractured 
and disseminated copper sulfides, late stage quartz- 
sericite-pyrite veinlets, quartz-molybdenite veinlets, 
and quartz-sericite-chalcopyrite veinlets were introduced.
A weak to moderate supergene chalcocite-covellite enrich
ment and strong pervasive argillic alteration developed 
in the breccia and caused local ore grade mineralization. 
The Morenci Breccia is thus a sheet-form intrusion 
breccia (Bryant, 1968).

Metcalf-King Breccia Group 
The Metcalf-King Breccia group appears to result 

from collapse phenomena. Sixteen breccia bodies have 
been delineated of which the Metcalf and King Breccias 
are the largest. The breccias appear to be of similar 
origin and will therefore be discussed as a single episode.
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Subsequent to the intrusion of the Older Granite 
Porphyry stock, strong fracturing developed which was 
followed by the main stage district sericitization.
Ascent of the granite porphyry magma caused fracturing 
and quartz veinlet deposition throughout the solidified 
Older Granite Porphyry. As the granite porphyry magma 
continued to rise, quartz veining was increasingly local- 
lized within the cupolas until brecciation commenced.
The initiation of the brecciation could have been the 
result of collapse caused by a temporary retreat of the 
magma. The Older Granite Porphyry broke into large 
blocks and was resealed by dikes of rhyolite porphyry 
derived from the Younger Granite Porphyry magma.

A second major ascent by the magma is indicated 
by refracturing of the Older Granite Porphyry rind 
along the rhyolite porphyry dikes which developed channel- 
ways for forthcoming milling of the periphery of these 
large blocks of Older Granite Porphyry and rhyolite 
porphyry dikes. This second stage of magmatic pulsation 
is suggested in both the Metcalf and King Breccias by the 
presence of large angular blocks of extreme fragment to 
matrix ratio in the center of the breccias which grades 
outward to smaller subrounded to rounded fragments with 
a larger proportion of matrix. The result of this 
second stage of magmatic penetration was the development
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of a breccia rind containing fragments of Older Granite 
Porphyry, minor rhyolite porphyry, and rarely, fragments 
of pre-existing breccia in a matrix of rhyolite situated 
above the Younger Granite Porphyry magma.

Subsequent retreat of magma caused extensive 
brecciation of the rind along the previously weakened 
zones. The large breccia masses thus formed were 
separated and engulfed by the Younger Granite Porphyry 
magma resulting in the large breccia "xenoliths" now 
observed. The final stage of granite prophyry emplacement 
is manifest in rhyolite breccia dike intrusions along 
fault zones that cut through the Younger Granite Porphyry- 
breccia complex.

Main stage district mineralization appears to have 
followed the brecciation and preceded the Younger Granite 
Porphyry plug, although the evidence is meager due to 
pervasive supergene enrichment and argillic alteration. A 
late stage veinlet controlled mineralization post dates 
the Younger Granite Porphyry intrusion.

Candelaria Breccia
The Candelaria Breccia is an explosive phenomena 

that pierced the Older Granite Porphyry. After intrusion 
of the Older Granite Porphyry stock, pervasive main stage 
district alteration developed in the Older Granite 
Porphyry as a stockwork of quartz-sericite veinlets.
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Following this alteration within the area of the 
Candelaria cupola, surging action and volatile separation 
occurred which formed a strong stockwork of quartz vein- 
lets and local K-feldspar veinlets within the cupola. 
Pressures continued to build within the cupola as 
fracturing increased until the hydrostatic pressure ex
ceeded the lithostatic load and an explosion ensued. 
Equidimensional fragments filled the pipe and were 
cemented by a quartz-sericite-specularite matrix that 
left up to 25 percent of the matrix as void space. 
Following a period of quiescence, the pipe was intruded 
by rhyolite breccia dikes and plugs that engulfed and 
rounded the pre-existing fragments by attrition. The 
matrix of the dikes is very similar to the Metcalf and 
King rhyolite matrix, and a similar origin is suggested.

After the breccia formation, the pipe was 
mineralized by weakly disseminated pyrite and minor 
chalcopyrite (?) and pyrite in faults and minor veins. 
Contemporaneous with this mineralization, copper sulfides 
were probably deposited at the northern most pipe contact 
although only copper silicates and arsenates are now 
present. Supergene enrichment is indicated by chalcocite 
in faults, veins, and local disseminations in the pipe 
and a contemporaneous strong pervasive argillic 
alteration occurs throughout the area.
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Volcanic cover is believed to have covered both 
the Candelaria and Metcalf-King Breccia group and was 
later eroded to present day topography.



GENETIC RELATIONSHIP OF THE BRECCIAS TO THE YOUNGEST 
SIALIC INTRUSIVE COMPLEX AND MINERALIZATION

Although Older Granite Porphyry and Younger Granite 
Porphyry are physically distinctive phases, they are merely 
early and late stages of a single continuous magmatic 
process which apparently included hydrothermal alteration, 
breccia formation, and mineralization. The Older Granite 
Porphyry stock contains anhedral quartz phenocrysts and a 
pervasive stockwork of quartz and quartz-sericite veinlets, 
whereas the Younger Granite Porphyry plug contains euhedral 
bipyramidal quartz phenocrysts in a homogeneous, veinlet 
free, groundmass.

Fracturing in the Older Granite Porphyry suggests 
probable exsolution of a vapor phase from the residual 
melt. Conservative estimation of the amount of water in 
calcalkaline melts indicates approximately four to five 
percent by weight. Phillips (1973) states that water 
released at a depth of about two kilometers at 500°C has a 
specific volume of four, and if one percent by weight 
formed a separate phase it would produce an increase in 
volume of about ten percent. Therefore, if five percent 
by weight of water were released during crystallization, 
the volume increase would be sufficient to form the
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fracturing observed in the Older Granite Porphyry stock.
By comparison, the exsolution of the vapor phase in the 
Younger Granite Porphyry was very different, as indicated 
by the fluid inclusion population ratio between the two 
intrusions (Figures 65 and 66).

The Older Granite Porphyry quartz phenocrysts 
contain numerous fluid inclusions containing both halite 
crystals and a gas bubble. Also commonly present are 
hexagonal bipyramidal negative crystals with gas bubbles 
only, and similar bipyramids with gas bubbles and halite 
crystals. The temperature range derived for the most 
common gas and halite fluid inclusions is 280-370*0 
(uncorrected for pressure).

The Younger Granite Porphyry bipyramidal quartz 
phenocrysts contain approximately ten percent of the 
fluid inclusions present in the Older Granite Porphyry 
quartz phenocrysts. The most common type is a gas phase 
only, irregular fluid inclusion that exhibits a temperature 
range of 270-300*0 (uncorrected for pressure).

The Younger Granite Porphyry has a strongly 
sericitized groundmass. The most logical explanation for 
the occurrence of this sericitized, unveined porphyry is 
provided by.the recent work of Whitney (1975), He states 
that at pressures greater than a critical pressure point 
of 1.0 Kb and 810*0 for three percent water and 1,4 Kb and 
780*0 at four percent water the concentration of water



Figure 65. Photomicrographs of Fluid Inclusions in Quartz
Phenocrysts of the Older Granite Porphyry
A. The large number of inclusions characterize 

the Older Granite Porphyry quartz pheno
crysts. Most inclusions contain only a gas 
bubble, but the inclusions containing a gas 
bubble and at least one daughter crystal, 
usually halite, are common. Morenci Open 
Pit sample, 100X.

B. Inclusion population in quartz phenocryst 
of Older Granite Porphyry fragment in the 
Candelaria Breccia. The inclusions are 
hexagonal and contain a gas bubble which 
occupies approximately 60%-70% of the in
clusion. No halite crystals are present 
in the inclusions. 250X.

C. An inclusion containing a gas bubble (g), a 
halite crystal(s) and a long slender needle, 
possibly anhydrite(a). Sample is from an 
Older Granite Porphyry fragment in the 
Candelaria Breccia. 400X.

D. A gas bubble-halite crystal inclusion in a 
• fragment in the Candelaria Breccia. Note

that the outline of the inclusion has no 
preferred shape. 630X.

E. A hexagonal gas bubble-halite crystal in
clusion in a fragment in the Candelaria 
Breccia. 630X.

F. Crudely hexagonal gas bubble-halite crystal 
inclusion in a sample from the Morenci Open 
Pit. 630X.
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Figure 65. Photomicrographs of Fluid Inclusions in Quartz 
Phenocrysts of the Older Granite Porphyry.



Figure 66. Photomicrographs of Fluid Inclusions in Quartz
Phenocrysts of the Older Granite Porphyry and
the Younger Granite Porphyry
A. Two large inclusions from a fragment of the 

Younger Granite Porphyry in the Metcalf 
Breccia. The inclusion in the lower right 
corner contains, in addition to the gas 
bubble, a small unidentified daughter 
mineral(x). Sample Me-13A, 400X.

B. Crudely hexagonal fluid inclusion from a 
fragment of Older Granite Porphyry in the 
Metcalf Breccia. Note the two small hexa
gonal red platelets of hematite(h). Sample 
from Metcalf 4500 Adit, #3 X-cut, 630X.

C. The fluid inclusion population in a sample 
from the Younger Granite Porphyry at the 
southern periphery of the Metcalf Breccia. 
Note the irregular shape of the inclusions 
and the lower population density compared 
to the Older Granite Porphyry (see Fig.
65A). Halite-bearing inclusions are rare. 
100X.

D. Typical irregularly shaped inclusion from 
the Younger Granite Porphyry. Note that 
gas bubble forms approximately 50% of the 
inclusion. Sample Me-13A from the Metcalf 
Breccia, 630X.

E. Gas-only inclusions from the Younger 
Granite Porphyry. Sample from DDH 1152, 
528'-538', 250X.

F. Highly irregular inclusion from the 
Younger Granite Porphyry at the southern 
periphery of the Metcalf Breccia. The 
inclusion contains a halite crystal(s), 
a gas bubble(g), and a red platelet of 
hematite(h). 250X.



Figure 66. Photomicrographs of Fluid Inclusions in Quartz
Phenocrysts of the Older Granite Porphyry and the 
Younger Granite Porphyry.
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decreases from the outside of the magma chamber toward the 
center. "If the vapor phase is not able to rapidly escape 
from the outer portion of the body, there could be 
significant diffusion of water from the vapor-saturated 
outer portions into the core of the body." This diffusion 
is reflected in the Younger Granite Porphyry plug by 
pervasive sericitization of the groundmass and feldspar 
phenocrysts. For such a process to be significant in the 
Younger Granite Porphyry, diffusion rates must necessarily 
be slow and the Younger Granite Porphyry body would have 
been extremely quiescent over a long period of crystalli
zation (Burnham, 1967). This phenomenon is suggested in 
the Younger Granite Porphyry by the occurrence of unzoned 
plagioclase phenocrysts, whereas the Older Granite Porphyry 
exhibits abundantly zoned plagioclase phenocrysts (Figure 
61) indicating a crystallization history that was most 
certainly not quiescent (Barth, 1962, and Turner and 
Verhoogen, 1960). Uniformly disseminated pyrite occurs 
throughout the Younger Granite Porphyry plug. Pyrite has 
probably been deposited in response to this inwardly 
diffusing hydrous phase instead of from a hydrous phase 
being expelled into a stockwork which would normally be 
developed in the cupola of the Younger Granite Porphyry 
and its wall rocks if the vapor pressures were in excess 
of the critical pressures mentioned above.
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The Younger Granite Porphyry can be divided into 

two phases. The first phase involved the major gas release 
that caused the fracturing, quartz veining, brecciation, 
collapse and explosion, surging, rhyolite breccia dikes, 
rhyolite porphyry matrix, and probably main stage district 
mineralization. The second phase consists of the quiescent 
Younger Granite Porphyry plug. Ambiguities exist in at
tempting to explain the origin of the district mineral
ization in relation to the Younger Granite Porphyry plug 
due to the lack of conclusive field evidence.



COMPARISON OF MORENCI-METCALF DISTRICT BRECCIAS TO 
BRECCIAS IN OTHER PORPHYRY COPPER DISTRICTS

Comparison of the characteristics of the Morenci- 
Metcalf district breccias to breccias in other porphyry 
copper districts is difficult due to the lack of detailed 
investigations reported in the literature. To date, no 
satisfactory summary paper exists where individual published 
investigations of breccia data are compiled, reviewed, and 
interpreted. In the districts where breccias have received 
close attention, either a major portion of the ore is 
localized within breccias or the breccias are indicative of 
a mode of formation that was closely akin to ore genesis in 
that district.

A general comparison of porphyry copper deposits 
and occurrence of breccias can be most easily made with 
reference to Lowell and Guilbert (1970). They list 27 
porphyry copper deposits in southwestern North America, 
British Columbia, and South America. Twenty of the 27 
deposits have reported breccia formations, of which 13 are 
mineralized. Since the Lowell and Guilbert article, 
numerous other accounts of breccias associated with 
porphyry copper deposits have been published and in a 
majority of the articles, brecciation is closely affiliated 
with the ore deposit.
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Characteristics of some of the better documented 
breccias in porphyry copper districts are presented in 
Table 4, from which a generalized summary has been drawn. 
Most of the breccias in the table are elliptical to 
circular in outline, usually exhibiting steep rake, and 
ranging in size from 50 feet (15 m) to a maximum of 5,000 
feet (1,500 m) in diameter. The districts usually contain 
numerous breccia masses and repeated episodes of 
brecciation. The breccia contacts are described as sharp 
or gradational. Fragments may be any pre-breccia rock 
type or mixture varying in shape from angular to rounded. 
Fragment sizes range from microscopic to blocks several 
hundred feet in diameter, and commonly range four to 
seven inches (10 to 15 cm). The matrix usually consists 
of rock flour, quartz, sericite, tourmaline, and sulfides.

District alteration is commonly contemporaneous 
with brecciation and less often post-breccia, while 
district mineralization is post-breccia or less frequently 
syn-breccia. The dominant sulfide minerals are chalco- 
pyrite, pyrite, molybdenite, bornite, and supergene chal- 
cocite. Five of the ten districts tabulated show structur
al localization of breccias by faults and strong fracture 
systems. Subsidence is the most common mode of formation 
of the breccias, with explosion not uncommon.

Three different modes of breccia formation occur 
within the Morenci-Metcalf district, although they do
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Table 4. Characteristics of Breccias in other Porphyry Copper Districts

1) NAME
2) AUTHOR(S)
3) LOCATION
4) ACE CEOZtETRY

MOST ROCK 
& CONTACT

FRAGMENTS
MATRIX

COMPOSITION,

ALTERATION & MINERALIZATION
1) PRE-BRECCIA
2) SYN-BRECCIA
3) POST-BRECCIA
4) SUPERGENE

STRUCTURAL
LOCALIZATIO!

METHOD OF 
N FORMATION *

NUMBER OF 
BRECCIAS & 
REMARKSROCK TYPES

SIZE, SHAPE & 
DISTRIBUTION

TEXTURE, & 
DISTRIBUTION

1) BISP,EE
2) Bryant (1968
3) SE Arizona
4) Nevadan

Irr dikes,sills 
) & masses; thin 
films to hun
dreds of ft in 
dia.

Sharp Pre-K rks; ie: 
feld-qp, Sac
ramento Hill 
Qp, Pal seds.

lietcro, ang to 
rd. Micro to 
100'.

Cominuted rk fl. 
clastic; fgs trans
ported upwards & 
irr.

3) Cp & bn. Pre-exist
ing fits.

Fluidization

1) COPPER FAS IN
2) Jolmston 6 

Lovell (1961
3) Central Arlz
4) Laraalde

Rudely clrc 
pipes, 50*-600* 

) in dia. Cluster 
. of pipes occur 
within 1 mile 
dia.

Grad,
*im p

Hetcro, rd at 
center to ang at 
outward ct. For 
each pipe wide 
diversity in size, 
shape, & distri
bution. Mode 2-12 
in, range 1 in to 
10'.

Qt PX, cp, bia; 
principally Q.

2) Q, K-feld, local ser, bio, 
& chi.

3) cp, mb, bn.

Intersect
ion of fits 
& fxs. Also 
rk cte.

Solution & 
replacement.

Numerous
pipes.

1) COPPER CREEK
2) Kuhn (1941)
3) S Central 

Arizona
4) Intrudes K 

scds & vole.

Clrc or ell In 
plan. Childs- 
Aldvinkle Is 
major mineral
ized pipe, oc
curs as two 
pipes:
1) 270'xl50', 
almost vert.
2) 220,xl00', 
rakes 75*N. Two 
pipes Join at 
450* depth.

Sharp,
grd

Ang blocks of grd 
1 in to 15', mode 
6-12 in. Void 
space present.

Canguc & ore min
erals up to 50% of 
bx. Chi, scr, Q, 
feld, tour.

2) Alteration yes; mb, cp, !
py, bn, tn

fit zones Solution & 
replacement, 
tectonic 
breccistion, 
minor col
lapse.

100-125
pipes.

1) CA'A'.TA
2) Perry (1961), 

Velasco 
(1966)

3) Northern 
Mexico

4) Laraalde

Pal vole in
truded by gr & 
qtnp.
1) Duluth Ex: 
Oval, 1200'x 
300' at least 
2000' vert, 
rakes 85° NV.
2) Capote Brec
cia: Surface un
broken, passes 
down into bx. 
300'-400'xl65', 
at least 2200' 
vert.
3) La Colorado 
Bx Pipe: width 
expands upward, 
probably assoc, 
with qop.

Vole, 
Qtzt, & 
gr.

Vole; Qtzt, 
gr. Is, & p.

Well brecciated. 
Sbang to veil rd. 
Movement of fgs 
down.

1) Duluth Px: Minor 
gal, si, rp, Q, 
car, and adul- 
aria.

2) Capote Bx: cp, 
bn, cc, Q, car.

3) La Colorado Bx; 
glassy Q, 
phlogoplte.

3) Minor gal, si, cp in 
Duluth Bx.

3) cp, bn, cc in Capote Bx. 
3) In central core; cp, bn, 

mb, & py in La Colorada 
Bx Pipe.

fit bound
aries in 
Duluth Bx.

Gentle Col
lapse.

n  TOO VE TATA
2) Richard & 

Courtrlght 
(1958)

3) Southern Pert

2700'"x 240O#"" Dacp, etc. 
usually fgs 
are the same 
as the closest 
wall rks.

Hetero, ang. Void 
space present.

Ore *
sulfides.

2) cp, py In vugs 
4) cc

Gaseous
explosion.

Repeated 
episodes of 
breccistion.

13 TSIANT) COPPER
2) Northcote 

(1970), 
Northcote & 
Robinson 
(1972).

3) Vancouver 
Island, Brit
ish Columbia.

Appro*. 2800'x 
1200'.

Grad, Ĉ - 
fe Id p 
& vole

Q-feld p, 
tuff, bedded 
tuff, tuff bx.

Rounded Dumortlerltc, 
stage 1 
Pyrophyllite, 
stage 2

2) Sil & Q-ser-py.
3) cp-bn-mb

Explosion Repeated 
episodes of 
breccistion.

11 IA CARIDAD
2) Saegcrt, Sell 

& Kilpatrick 
(1974).

3) Northern 
Mexico.

1) 5400'x3200' 
zone with some 
pipe-like 
zones.
2) Older than
1.

1) Grad 6 
irr.
2) Dio, 
grd, qop

Small, ang 
cavities.

Large blocks, 
tightly packed, 
ang to rd, bould
er to pebble 
size.

1) Rk fl & small 
rk fgs. Minor 
sulfides.

2) Sulfides

3) tpy, cp in cavities.
4) cc

Conjugate 
fx systems.

Intrusive- 
explosive.

Irr bx zones.

n  BOSS MOUNTAIN
2) Soregaroli 

(1975)
3) British 

Colimbia
4) Upper K

Phase 1; irr 
two bodies. 
North body, 
1800'(E-W)x800* 
(N-S). South 
body, 100' (E- 
W)x800’(N-S). 
Phase 2; ell, 
200'x300'.

Phase 1; 
sharp to 
indis
tinct. 
Phase 2; 
sharp to 
grad, 
steep 
lenticu
lar or 
pipelike 
masses, 
±1200' 
vert.

Phase 1; Grd 6 
p bio grd, rhy 
p, p gr-hbl 
vnlts, Q vns. 
Phase 2; Grd, 
bio grd, gr- 
hbl vnlts, Q 
vns, rhy p. 
Phase 1 bx.

Phase 3; rd fgs. 
Phase 1; ang, 
rarely sbrd, 
micro to several 
ft in dia, mode 
2-10 In Phase 2;
1 in to 1 ft, a 
few at 5 ft. ang.

Phase 1. Comminuted 
gray mtx, grd, p 
bio grd. 157. mtx. 
Phase 2. Q, Phase 
3 bx,•rd fgs in 
brown mtx.
Phase 3. Gray to 
light brown silic
eous mtx derived 
from cominutlon 
of Q bx, also K- 
feld, bio, stb, 
diss mb. 70% mtx 
locally, av 20-30%

Phase 1: 1) gr-hbl; 3) bio, 
K-fcld, ser, chi. Mb, py, 
tungsten, bi, cp.

Phase 2: Alt 6 mineralization 
same as for Phase 1.

Phase 3:2) fgs replaced, 
bio. Mb, py. 3) gr-hbl, 
K-feld, ser, chi. Mb, py, 
tungsten, bi, py.

Collapse Three
phases

11 FRADEN
2) Hove11 & 

Holley 
(1960)

3) South-centrali
Chile i

4) Late Upper T

1) Pre-pipe bx 
around Braden 
Formation. Av 
100'-200' wide, 
wider in Q dio 
than And,
Z) traden For
mation. clrc, 
down tapering 
to at least 
5200'. At sur
face 4000' dia. 
3) Post-pipe bx, 
surrounds 
Braden For
mation.

1) Sharp
2) Sharp
3) Grad 
with 
Braden 
Format- 
ion;

Rk types 
around the 
pipe, ie: And 
and pre-pipe 
bx.

Micro to 7', rd, 
imperfect sort
ing.

1) Abundant fine
grained tour & 
minor cp.

3) Black tour

1
1) cp
3) Tour of fgs.
2
1) bio, mineralization yes.
3) Tour. __
4) Mineralization yes, cc. —

Subsidence

-- -— ----- - - -

1) glTARES (
2) Locke (1926) ]
3) Northern c

MjcxIc o ]

>val, vert, 
L000'%2000', 
leveloped to 
1800'.

Grad, 
with 
Latite 
tuff & 
And.

.
Small, ang fgs, 
unsorted, slivers 
to 10' dia. 70% 
fgs by volume.

Py, diss, on 
cracks; Q, ser, 
chi, cp as vnlts,
Q lined vugs. Most 
ore localized 
against vert walla, 
30% mtx.

2) Alt yes. cp, py
3) cp, py
4) cc

Subsidence av 
200'.

PORPHYRY <
COPPER i
BRECCIA i

1
<

Mostly ell to 
circ with steep 
rake. Dimen
sions vary from 
50' to 5400'. 
Frequently 
clustered.

Sharp to 
grad. 
Host rks 
can be 
ang pre
pipe
material.

Any pre-pipe 
rks.

Ang to rd, micro 
to large blocks 
over 100' in 
size. Mode approx 
4-7 in. Hetero.

Commonly rk fl, 
sulfides, Q, ser, 
tour.

Mostly syn-bx and post-bx 
alt. Mostly post-pipe min
eralization, but commonly 
syn-pipe. Cp, py, mb, bn, 
4) Commonly cc.

Commonly 
fit inter
sections.

Mostly sub
sidence, less 
commonly ex
plosion.

Numerous bxs 
& repeated 
episodes of 
breccistion.
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not differ from those suggested in Table 4, Comparison of 
Table 4 with Table 3 indicates that the characteristics of 
the Morenci-Metcalf district breccias are generally con
sistent with the "normal" range of breccia styles in 
porphyry copper systems.



SUMMARY AND CONCLUSIONS

The Morenci Breccia, Metcalf-King Breccia group, 
and the Candelaria Breccia of the Morenci-Metcalf district 
were formed during the Laramide igenous activity and 
copper alteration-mineralization. The following steps 
summarize the geochronology of the youngest sialic in
trusive complex.

1. Intrusion of the Older Granite Porphyry stock.
2. Main stage district hydrothermal phyllic al

teration.
3. Emplacement of the Morenci Breccia.
4. Biotite-K-feldspar-quartz (potassic) alter

ation of Morenci Breccia; probable potassic 
alteration at depth.

5. Development of a quartz veinlet stockwork in 
the Older Granite Porphyry, particularly 
localized in areas of cupola occurrence.

6. Formation of the Metcalf-King Breccia group 
contemporaneous with emplacement of the first 
and second stages of the Younger Granite 
Porphyry complex (1. fragments of Younger 
Granite Porphyry in the breccias; 2. rhyolite 
matrix of the breccias).
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7. Emplacement of the Candelaria Breccia pipe.
8. Main stage district copper mineralization.
9. Intrusion of rhyolite breccia plugs and dikes 

into the Candelaria Breccia.
10. Emplacement of the Younger Granite Porphyry 

plug into the Metcalf-King Breccia group.
11. Late stage quartz-sericite-pyrite-chalcopyrite 

veinlets through the Metcalf and King Breccias 
and the Younger Granite Porphyry plug.

' 12. Structurally controlled intrusion of rhyolite
breccia dikes through the Metcalf Breccia and 
Younger Granite Porphyry plug.

The Morenci Breccia involved intrusion of an 
igneous matrix into a pre-existing low angle fault zone.
The intrusion breccia is an oblate lenticular mass approx
imately 250 feet (75 m) wide by 75-200 feet (22.5-60 m) 
thick by 1,600 feet (480 m) long with a 20-28° N rake. 
Angular to subrounded fragments range in size from minute 
particles to blocks over three feet (1 m) in diameter with 
a mode of one to two inches (2 to 5 cm). The matrix is 
composed of quartz, K-feldspar, biotite, and minor rock 
flour. Alteration effected during mobilization consists 
of an aplitic envelope widest beneath the footwall contact, 
surrounding the breccia.
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The Metcalf and King Breccias and numerous smaller 
masses are collapse phenomena which occur as large 
'xenoliths' floating in the Younger Granite Porphyry plug. 
The Metcalf and King Breccias are both approximately 650 
feet (195 m) in diameter. They consist of angular to 
rounded fragments grading from core to contact and 
ranging in size from microscopic particles to blocks 130 
feet (39 m) long, with a mode of three to four inches 
(8 to 10 cm) in diameter. The matrix is composed of 
sericite, K-feldspar, quartz, and rock flour.

The Candelaria Breccia is an explosion pipe that 
has formed within the Older Granite Porphyry stock. The 
pipe is oval, with dimensions of 1900 by 2700 feet (570 
by 810 m), and is characterized by sharp contacts with a 
funnel geometry. The fragments are equidimensional, 
angular to subangular, ranging in size from minute 
particles to blocks 100 feet (30 m) long while exhibiting 
a mode of three to four inches (8 to 10 cm). The matrix 
is composed of sericite, quartz, specularite, and up to 
25 percent void space.

The Younger Granite Porphyry plug was identified 
as a distinct phase of the sialic intrusive complex. It 
is characterized by the occurrence of bipyramidal quartz 
phenocrysts, abundant sericitization of the groundmass,
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and lack of quartz veining yielding a homogeneous 
appearance to the rock.

The main stage district hydrothermal phyllic al
teration precedes breccia formation, although the district 
copper mineralization is subsequent to the breccias. Only 
the Younger Granite Porphyry plug, late stage quartz- 
sericite-pyrite-chalcopyrite veinlets in the Metcalf and 
King Breccias, and the rhyolite breccia dikes post date 
this main stage mineralization.

Fluid inclusion studies indicate a distinct 
decrease in fluid inclusion populations in the Younger 
Granite Porphyry. This fact, along with the occurrence of 
zoned plagioclase phenocrysts in the Older Granite Porphyry 
and unzoned plagioclase phenocrysts in the Younger Granite 
Porphyry indicate that the Older Granite Porphyry stock 
may have been the main district mineralizer.

Most if not all porphyry copper districts contain 
breccia masses not unlike those reported in the Morenci- 
Metcalf district. The wide variety of types and origins 
of breccias reported in the literature suggest that 
further investigations should be conducted as to the 
relationships of these breccias to the genesis of their 
respective porphyry copper districts.



SUGGESTIONS FOR FURTHER STUDY

Many questions remain concerning the temporal 
relations and temperature ranges within the sialic 
intrusive complex and concerning the overall relationship 
of this complex to district ore genesis. Some of the 
following suggestions for further study may shed some 
light on these partially unsolved questions.

Potassium-argon dating could be performed on the 
oldest volcanics surrounding the district, the Younger 
Granite Porphyry plug, and the main stage hydrothermal 
alteration within both the phyllic and the potassic zones. 
These dates would establish a closer temporal relationship 
between Laramide intrusives, breccia bodies, and district 
alteration-mineralization.

Detailed fluid inclusion studies could be 
initiated on the quartz phenocrysts in the Older and 
Younger Granite Porphyries and on quartz veining and 
quartz-sulfide veining to determine the temperatures and 
compositions of the respective magmatic and hydrothermal 
fluids. To ascertain the temperature of emplacement of 
the Candelaria Breccia, the silica matrix could be 
analyzed for alpha or beta-quartz content. In addition, 
measurement of NRM (Natural Remanent Magnetization)
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directions in oriented fragments would determine whether 
or not the acquired magnetization was fixed prior to, 
during, or after explosive brecciation.

A more detailed mapping of the Younger Granite 
Porphyry plug plus petrologic studies on the breccia 
masses occurring within the Younger Granite Porphyry would 
be useful further to delineate the geometric and temporal 
relationships within the sialic intrusive complex.

The high pyrite area that apparently envelopes the 
southern contact of the Younger Granite Porphyry plug 
should be studied to define its relationship to the 
district hypogene ore shell that appears to wrap around 
the south and southeastern periphery of the Older Granite 
Porphyry stock.

Plotting the normative compositions of all igneous 
rock types in the district and comparing this data with 
radiometric dates may ascertain whether or not all of the 
intrusives are of the same kindred.



APPENDIX A

Major element analyses of 50-foot composite assays 
taken between the 4550 and the 4450 foot elevations where 
obtained from diamond drill holes in the King Breccia 
area. The data was contoured and plotted using an IBM 
"STAMPEDE" program for SiOg, AlgOg, KgO, NagO, CaO, MgO, 
Fe, and Sulfur.

ELEMENTAL ANALYSIS COMPOSITES, KING BRECCIA

135



136

1.0 Contour Interval--!? Data Points

S102 4450-4550 LEVELS KING BRECCIA

•King Breccia

Feet

Figure 67. King Breccia Drill Hole Composite for SiOg •
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1.0 Contour Interval— 17 Data Points

Al2°3 4450-4550 LEVELS KING BRECCIA

•King Breccia

Feet

Figure 68. King Breccia Drill Hole Composite for AlgOg
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0.5 Contour Interval— 17 Data Points

k2° 4450-4550 LEVELS KING BRECCIA

3.0 \
— King Breccia

Feet

Figure 69. King Breccia Drill Hole Composite for K̂ O.



KING BRECCIA
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Na^O 4450-4550 LEVELS

0.2 Contour Interval— 17 Data Points

^ — King Breccia

Feet

Figure 70. King Breccia Drill Hole Composite for Na^O .
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0.10 Contour Interval— 17 Data Points

CaO 4450-4550 LEVELS KING BRECCIA

Breccia

Feet

Figure 71. King Breccia Drill Hole Composite for CaO ,
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0.20 Contour Interval— 17 Data Points

MgO 4450-4550 LEVELS KING BRECCIA

•King Breccia

Feet

Figure 72. King Breccia Drill Hole Composite for MgO .



Fe 4450-4550 LEVELS KING BRECCIA.

0.5 Contour Interval--!? Data Points

■King Breccia

Feet

Figure 73. King Breccia Drill Hole Ccnposite for Fe ,



KING BRECCIA
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S 4450-4550 LEVELS

0.5 Contour Interval— 17 Data Points

■King Breccia

Feet

Figure 74. King Breccia Drill Hole Composite for Sulfur,



APPENDIX B

POTASSIUM-ARGON AGE DATES

Unpublished potassium-argon analytical data, 
branching ratios, and constants used for dating the Older 
Granite Porphyry and the Candelaria Breccia. The samples 
were analyzed by Krueger Enterprises, Inc., Geochron 
Laboratories Division, in January of 1972.
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Table 5. Potassium-Argon Age Date for Candelaria Breccia- 
Located west of U. S. 666 Reroute on the upper 
Candelaria Breccia. Sericite concentrate is 
from the matrix.

Sample Description & Locality: A lte re d  b recc ia

Material Analyzed: s e r ic ite  concentrate: -100/+200  mesh.

A r 40* /K 40 = .003044 AGE *  51 .3  +  1 .9  M.Y.

Argon Analyses:

A r40*,ppm .

.02750

.02716

Potassium Analyses:

% K

7.310
7.409

A r407  Total A r40

;374
.494

Ave.%K

7.359

Ave. A r401,ppm. 

.02733

K 4*,ppm

8.978

Constants Used:

^  = 4.72 x 1 0 " '° /year 

= 0.585 x 10"1 ° /  year 
K 40/K =  1.22x lO ^ g yg .

AGE , + Xe xAr̂ L.1

Note: Ar 40 *  refers to radiogenic Ar 40. 
M.Y. refers to millions of years.
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Table 6. Potassium-Argon Age Date for the Older Granite 

Porphyry— Located north of the upper Candelaria 
Breccia above the 5100 Panel Yard.

Sample Description & Locality: Granite porphyry.

Material Analyzed: -
. B lo t l te  concentrate: -40 /+ 100  mesh.

P u rity  g re a te r than 96%.

. \
A r 40* /K 40 -  .003323 A G E * 56 .0  +  2 i l  M.Y.

Arqon Analyses:

A r40#,ppm. A r40* /  Total A r40 Ave. A r40*.p |

.02157 .564 .02160

.02162 .562

Potassium Analyses:

% K Ave. %K K 40.ppm

5.346
5.307

5.326 6.498

Constants Used: 

ty = 4.72 x 10*10/  year 

= 0.585x1 O '10/year 
K 40/K  = 1.22 x 10“4 gyg.

Note: A r40*  refers to radiogenic A r40. 
M.Y. refers to millions of years.

AGE _ J ---  in [~xfl + xeXe + L *4 0  J
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GEOLOGIC MAP 8  CROSS SECTION OF THE METCALF-KING BRECCIA GROUP,
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