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ABSTRACT

The Christmas copper deposit, located in southern Gila County,
Arizona, is part of the major porphyry copper province of southwestern
North America. Although Christmas is known for skarn deposits in
Paleozoic carbonate rocks, ore-grade porphyry-type copper minerali-
zation also occurs in a composite granodioritic intrusive complex and
adjacent mafic volcanic country rocks. This study considers the
nature, distribution, and genesis of alteration-mineralization in the
igneous rock environment at Christmas.

At the southeast end of the Dripping Spring Mountains, the
Pennsylvanian Naco Limestone is unconformably overlain by the Creta-
ceous Williamson Canyon Volcanics, a westward-thinning sequence of
basaltic volcanic breccia and lava flows, and subordinate clastic
sedimentary rocks. Paleozoic and Mesozoic strata are intruded by
Laramide-age dikes, sills, and small stocks of hornblende andesite
porphyry and hornblende rhyodacite porphyry, and the mineralized
Christmas intrusive complex.

Rocks of the elongate Christmas stock, intruded along an east-
northeast-trending fracture zone, are grouped into early, veined
quartz diorite (Dark Phase), biotite granodiorite porphyry (Light
Phase), and granodiorite; and late, unveined dacite porphyry and
granodiorite porphyry. Biotite rhyodacite porphyry dikes extending
east and west from the vicinity of the stock are probably coeval with
biotite granodiorite porphyry. Accumulated normal displacement of

approximately 1 km along the northwest-trending Christmas-Joker fault
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system has juxtaposed contrasting levels (lower, intrusive-carbonate
rock environment and upper, intrusive-volcanic rock environment) within
the porphyry copper system.

K-Ar age determinations and whole-rock chemical analyses of
the major intrusive rock types indicate that Laramide calc-alkaline
magmatism and ore deposition at Christmas evolved over an extended
period from within the Late Cretaceous (~75-80 m.y. ago) to early
Paleocene (~63-61 m.y. ago). The sequence of igneous rocks is pro-
gressively more alkaline and silicic from basalt to granodiorite.

Early (Stage I) chalcopyrite-bornite (-molybdenite) minerali-
zation and genetically related K-silicate alteration are centered on
the Christmas stock. K-silicate alteration is manifested by pervasive
hornblende-destructive biotitization in the stock, biotitization of
basaltic volcanic wall rocks, and a continuous stockwork of K-feldspar
veinlets and quartz-K-feldspar veins in the stock and quartz-sulfide
veins in volcanic rocks. Younger (Stage II) pyrite-chalcopyrite
mineralization and quartz-sericite-chlorite alteration occur in a zone
overlapping with but largely peripheral to the zone of Stage I stock-
work veins. Within the Christmas intrusive complex, K-silicate-
altered rocks in the central stock are flanked east and west by zones
of fracture-controlled quartz-sericite alteration and strong pyriti-
zation. In volcanic rocks quartz-chlorite-pyrite-chalcopyrite veins
are superimposed on earlier biotitization and crosscut Stage I quartz-
sulfide veins. Beyond the zones of quartz-sericite alteration, biotite
rhyodacite porphyry dikes contain the propylitic alteration assemblage

epidote-chlorite-albite-sphene.



Chemical analyses indicate the following changes during
pervasive alteration of igneous rocks: (1) addition of Si, K, H, S,

3+

and Cu, and loss of Fe” and Ca during intense biotitization of basalt;

(2) loss of Na and Ca, increase of Fe3+/Fe2+, and strong H-metasomatism
during sericitization of quartz diorite; and (3) increase in Ca, Na,
and Fe3+/Fe2+, and loss of K during intense propylitization of biotite
rhyodacite porphyry dikes. Thorough biotitization of biotite grano-
diorite porphyry in the Christmas stock was largely an isochemical
process.

Fluid-inclusion petrography reveals that Stage I veins are
characterized by low to moderate populations of moderate-salinity and
gas-rich inclusions, and sparse but ubiquitous halite-bearing inclu-
sions. Moderate-salinity and gas-rich inclusions become less abundant,
and halite-bearing inclusions are absent in Stage II veins. The
distribution of gas-rich inclusions suggests that fluids were boiling
during Stage I mineralization, particularly at higher levels in the
porphyry copper system.

A sequential two-stage model for intrusion, alteration, and
mineralization at Christmas is proposed. During Stage I, K-silicate
alteration, stockwork veining, and chalcopyrite-bornite mineralization
were broadly contemporaneous with emplacement of quartz diorite and
repeated surges of biotite granodiorite porphyry. The fracture-
controlled, predominantly hydrolitic alteration and high total sulfide,
pyrite-chalcopyrite mineralization of Stage Il probably commenced with
the first significant incursion of ground water into the porphyry copper

system. A convection cell model may reasonably account for the distri-
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bution of Stage II alteration and mineralization.

At Christmas the tendency to form biotite during K-metasomatism
of basalt has greatly expanded the dimensions of the K-silicate
alteration zone. The recognition and interpretation of secondary
biotite in mafic volcanic terranes should be an important contribution

to future exploration for porphyry copper deposits in the region.
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INTRODUCTION

The Christmas copper deposit is part of the major porphyry
copper province of southwestern North America. The deposit is located
in a steep-sided canyon at the southeast end of the Dripping Spring
Mountains in southern Gila County, Arizona (Figure 1). Christmas and
several other mines in the southeastern Dripping Spring Mountains,
most notably the Seventy Nine, Chilito, and London-Arizona, constitute
the Banner mining district. The closest major porphyry copper deposit
is at Ray, approximately 27 km to the northwest. The nearest communi-
ties, Winkelman and Hayden, are 8 km to the south, and Globe is 37 km
to the north. The mine is accessible by paved secondary road from
State Highway 77 which follows the Gila River canyon north of Winkelman.
Most of the open-pit mine and support facilities at Christmas are
located in the west-central portion of the Christmas 7.5-minute quad-
rangle, but the total map area discussed in this study straddles the

boundary between the Christmas and Hayden quadrangles (Figure 1).

Mining History

The colorful, copper-bearing skarns cropping out at the surface
in an isolated canyon near the Gila River presented an inviting target

for early prospectors. The first mining activity took place in the
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early 1880's, but territorial land use disputes prevented any substan-
tial development until the enterprising G. B. Chittendon staked the
property for the Saddle Mountain Mining Company on Christmas morning,
1902, the day for which the property was named. Mining activity by a
succession of small and short-lived companies was intermittent during
the early 1900's, largely due to unstable economic conditions, low
copper prices, lack of sufficient working capital, and geographic
isolation. After the Depression, production stabilized with the
shipment of high 1ime fluxing ore to the nearby Asarco smelter at
Hayden. Ore mined through 1940 came mainly from skarn deposits in
the Naco Limestone above the 800-foot mine level.

During World War II the U.S. Bureau of Mines and the U.S.
Geological Survey conducted detailed studies of the skarn ore bodies.
Deep drilling below the 800 level revealed extensive ore horizons in
the Escabrosa and Martin Limestones. Development of deeper levels,
however, did not begin until the property was purchased by the
Inspiration Consolidated Copper Company in 1955. Additional explora-
tion by Inspiration confirmed the presence of significant ore reserves
at depth, particularly in the rich "0O'Carroll bed" at the base of the
Martin Limestone. Underground workings were extended to the 1,600-
foot level by 1962. Inspiration began surface mining above the site
of the old underground workings in 1965, and shortly afterward, under-
ground operations were terminated; all production now comes from an
elongate open pit centered on the Naco Limestone-Christmas stock

contact (Figure 3).



Christmas is the major producer of copper ore in the Banner
mining district. From the early 1900's through 1966, underground
mining of the skarn ore bodies produced 4.6 million tons of ore yield-
ing 144.5 million pounds of copper. The open pit has produced 15.8
million tons of ore and 160.6 million pounds of copper in the period
1966-1976. Small amounts of gold, silver, and selenium have also been
recovered. The open pit ore, a mixture of 95 percent sedimentary and
5 percent intrusive rock, averages 0.60 percent Cu. In early 1977 pro-
duction was averaging 6,000 tons per day with a stripping ratio of 5:1.
Copoer concentrates milled at Christmas are trucked to Inspiration's
smelter in Miami, Arizona.

The Inspiration Consolidated Copper Company Annual Report for
1975 lists reserves totalling 819 million pounds of copper, 70 percent
of which remains unmined underground. Inspiration has also announced
(Annual Report, 1974) the discovery of a "large low-grade orebody"
located "close to the present Christmas open pit mine." The principal
host rocks are intermediate intrusive and mafic volcanic rocks east of
the Christmas-Joker fault system. Some of the near-surface ores in
this deposit are oxidized necessitating the implementation of a dump
leaching recovery process. A small-scale pilot leaching program was

initiated at Christmas in 1976,



Previous Work

The geology, ore deposits, and mining activity of the Ray-
Christmas region were first reported by Ransome (1919, 1923) and Ross
(1925). Their excellent field descriptions and detailed mine evalua-
tions are the foundation for all subsequent studies. These early re-
searchers noted the variety of shallow level porphyritic intrusions,
and recognized their genetic importance with respect to ore deposits.
Ransome (1923) observed that these bodies "... have themselves been
altered by the ore-bearing solutions, and, where favorably situated,
have been changed into protore ... and ... it is from these larger and
deeper masses ... that most of the energy and at least part of the
materials were derived to form the protore."

A quadrangle mapping program conducted by the U.S. Geological
Survey in the Ray-Winkelman-San Manuel area provides a regional geo-
logic framework. Willden (1964) mapped and described the geology in
the Christmas 15-minute quadrangle which contains the Christmas mine
area and the contiguous Saddle Mountain mining district to the south-
east (see Figure 1). Near Christmas, several 7.5-minute quadrangles
have been mapped including Hayden (Banks and Krieger, 1977), E1 Capitan
(Cornwall and Krieger, in press), Winkelman (Krieger, 1974), and
Saddle Mountain (Krieger, 1968).

In a detailed field study of the Saddle Mountain mining dis-
trict, Barrett (1972) established alteration and sulfide mineraliza-
tion patterns along Laramide dikes intruding Cretaceous volcanic rocks.

The Christmas copper deposit has been described in published



reports by Tainter (1948), Peterson and Swanson (1956), Eastlick (1968),
and Perry (1969), and unpublished theses by Perry (1968) and McCurry
(1971). These studies have emphasized aspects of mineralization in
carbonate wall rocks. In a comprehensive report on the geology of the
Banner mining district, Eastlick (1968) focused on the form, mineralogy,
and paragenesis of the skarn ore bodies at Christmas. Eastlick also
recognized "normal porphyry-type alteration" represented by "secondary
biotite in the andesite and the alteration of the diorite into an aggre-
gate of sericite and secondary quartz."

In his detailed study of skarn genesis, Perry (1968, 1969)
defined three types of skarn: (1) magnesian skarn in dolomitic lime-
stone; (2) calcian skarn in relatively pure limestone; and (3) endo-
skarn in granodioritic intrusive rocks in contact with altered sedi-
mentary rocks. Perry classified Christmas as a "complex" porphyry
copper deposit (after Titley, 1966) with mineralization in both the
intrusive and intruded rocks. Much additional information exists on
the Christmas deposit in the form of unpublished maps and reports
prepared by the geologic staff of the Inspiration Consolidated Copper

Company.

Regional Geology

Christmas occurs in a zone of topographic transition within
the Mountain subprovince of the Basin and Range physiographic province

(Ransome, 1923). To the west and north, upraised Precambrian and



Paleozoic strata form the sharply etched Dripping Spring and Mescal
ranges, whereas rolling, subdued topography is characteristic of the
terrane developed on overlapping Cretaceous volcanic rocks to the east,
south, and southeast. The narrow Gila River canyon is cut perpendicu-
lar to the northwest-trending axes of the Dripping Spring and Mescal
Mountains, and the intervening Dripping Spring Wash. Elevations in

the two quadrangles shown in Figure 1 range from 1,850 feet (560 m)

at the Gila River to 4,700 feet (1420 m) along the crest of the Dripping
Spring Mountains.

A diagrammatic geologic section for the region is shown in
Figure 2. Older Precambrian rocks forming the core of the Dripping
Spring Mountains and adjacent ranges consist of highly deformed Pinal
Schist and plutons of batholithic proportions, principally the Ruin
Granite. Conglomerate, shale, quartzite, limestone, and basalt flows
belonging to the younger Precambrian Apache Group, and the Troy
Quartzite unconformably overlie the crystalline basement rocks.
Diabase, the youngest rock type of Precambrian age, intrudes all of
the previously mentioned rocks, commonly occurring as sills dilating
the Apache Group or as tabular masses in the Ruin Granite.

Diabase sills from the Sierra Ancha region of Arizona have been
dated at 1,150 m.y. using the U-Pb method for zircon (Silver, 1963), and
1,140 m.y. using the K-Ar method for biotite (Damon and others, 1962).
However, Banks and others (1972) report a somewhat younger K-Ar age of
1,040 m.y. for biotite from diabase near Miami, Arizona.

A depositional hiatus of approximately 500 m.y. separates the
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Precambrian Troy Quartzite from the basal Paleozoic formations, the
Middle Cambrian Bolsa Quartzite and overlying clastic sedimentary rocks
of the Middle and Upper Cambrian Abrigo Formation. Ordovician and
Silurian rocks were not deposited in this part of Arizona, or were
removed by pre-Devonian erosion.

The combined thickness of the dolomitic Upper Devonian Martin
Limestone, Mississippian Escabrosa Limestone, and Pennsylvanian
(-Permian?) Naco Limestone varies between 360-610 m in the Dripping
Spring Mountains (Banks and Krieger, 1977) and 600-750 m in the Mescal
Mountains (Willden, 1964; Cornwall and Krieger, in press). Each of
these formations was deposited on an erosion surface developed over
flat-lying or slightly tilted strata. The nearly conformable sequence
of younger Precambrian and Paleozoic strata suggests that the Paleozoic
was an era of relative tectonic stability. However, the variability in
thickness of the Paleozoic section and inclined bedding within the
sequence can be attributed to periodic epeirogenic adjustments result-
ing in the formation of broad warps, basins, and sags (Peirce, 1976).

East of Christmas, Paleozoic rocks are overlain by shallow-water
marine sedimentary rocks of the Pinkard Formation originally described
by Lindgren (1905) in the Morenci, Arizona area. Plant and invertebrate
fossils are thought to indicate an early Late Cretaceous age (Ross,
1925; Hayes, 1970). A sequence of mudstone, shale, sandstone, con-
glomerate, and coal beds described by Willden (1964) 8 km east of
Christmas apparently represents the northern edge of a southward-

thickening wedge of Pinkard Formation. An Inspiration Company drill
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hole in the Saddle Mountain district southeast of Christmas intersected
345 m of Pinkard Formation, but a diamond drill hole located on the
Gila River 1.5 km east of the Christmas mine intersected only 12 m of
conglomerate above the Naco Limestone. Pinkard-equivalent sedimentary
rocks appear to be absent within, and west of, the Christmas open pit.

The Pinkard Formation or, where the Pinkard is absent, the
Naco Limestone, is overlain by a thick vent- or cone-complex facies
accumulation of basaltic flows and volcanic breccia with subordinate
graywacke and siltstone. Covering approximately 230 km2, the volcanic
sequence ranges in thickness between 750-900 m in the Klondyke area
southeast of the Christmas 15-minute quadrangle (Simons, 1964) and
450-600 m where downfaulted at Christmas, but thins rapidly westward
from the Christmas mine. K-Ar age determinations presented in this
report indicate a minimum age for the Williamson Canyon Volcanics of
75-80 m.y. before present. The transition from shallow marine sedi-
mentation to subaerial(?) volcanism in Late Cretaceous time is recog-
nized in many areas of southeastern Arizona (Hayes, 1970), and such
successions are spatially correlative on a broad regional scale with
porphyry copper deposits (Titley, 1972).

Post-Laramide rocks shown in Figures 1 and 2 consist largely
of Tertiary basalt-andesite-rhyolite sequences, Miocene and younger
basin-filling alluvial and lacustrine deposits, and alluvium deposited
along the Gila River drainage.

Precambrian and Paleozoic strata in the Dripping Spring Moun-

tains are folded into a northwest-trending anticline plunging gently
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to the southeast (Eastlick, 1968; Banks and Krieger, 1977). This
broad arch and numerous parasitic folds are dissected by numerous
faults grouped by Banks and Krieger (1977) into: (1) four major north-
south fault systems; (2) two northwest-southeast range-front faults;
and (3) numerous faults and fractures oriented within 0-35° of east-
west. FEastlick (1968) also describes a system of faults striking
N15E to N5OE and dipping 50-65° northwest. The easternmost major
fault structure in the Dripping Spring Mountains, the northwest-
trending Christmas-Joker system, displaces the ore body at Christmas.
The Dripping Spring Mountains arch apparently evolved during
a period of Laramide compression with maximum stress operating along
an east-west to northeast-southwest axis (Banks and Krieger, 1977;
Rehrig and Heidrick, 1972, 1976). Differential uplift and northwest-
directed tensional stress resulted in a system of east- to northeast-
trending fractures. These extensional structures served as avenues
for emplacement of Cretaceous and Paleocene calc-alkaline intrusions,
several of which are spatially associated with base metal deposits.
The presence of thick Miocene valley-fill deposits indicates
a shift from Laramide to basin-range tectonics and sedimentation by
middle Tertiary time. Although Banks and Krieger (1977) cite evidence
for Precambrian, Laramide, and post-Laramide movement along normal
range-front faults in the Dripping Spring Mountains, modern basin and
range physiography in the region reflects, in large part, post-middle

Tertiary block faulting.
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Objectives and Method of Study

This study is a contribution to a decade-long investigation
conducted by the U.S. Geological Survey of the geology and ore deposits
at Ray, Arizona and the surrounding region. Notwithstanding occasional
changes in approach and design, it was the objective at Christmas to:
(1) describe the geology and geochronology of the igneous rocks;

(2) determine the nature, distribution, and paragenesis of hypogene
silicate-sulfide mineral assemblages; and (3) construct a space-time
model for intrusion and mineralization. Initially, the porphyry-
related mineralization in both igneous and carbonate host rocks was
to be considered. However, when the complex alteration pattern in
volcanic wall rocks became more apparent, the focus of study shifted
to the igneous rock environment.

During the first phase of the study, an area of approximately
1 km2 around the Christmas open pit was mapped at a scale of 1:4800.
Spot mapping in the open pit (scale 1:1200) and recent company mine
maps provided information on internal relationships in the multiphase
Christmas stock. Numerous surface and drill core samples collected
at that early stage were essential for determination of subtle vari-
ations in the mafic volcanic sequence and in the recognition a<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>