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GEOLOGY OF THE KLONDYKE QUADRANGLE, GRAHAM AND PINAL COUNTIES, ARIZONA

By Frank S. Simons

ABSTRACT

The Klondyke quadrangle is in Graham and Pinal Counties,
southeastern Arizona, about 55 miles northeast of Tuecson and
45 miles southeast of Globe. There are no settlements of
appreciable size in the quadrangle.

The Klondyke area is in the Basin and Range province and
comprises three main physiographic elements—the Galiuro
Mountains along the west side of the area, the Santa Teresa-
Turnbull Mountains block along the east side, and the Aravaipa
Valley lying between. The Galiuro Mountains are mainly a
thick pile of Tertiary and Cretaceous(?) voleanic rocks and
minor amounts of older sedimentary and plutonic igneous
rocks; the Santa Teresa Mountains consist almost entirely of
granite of Tertiary age, and the Turnbull Mountains of sedi-
mentary, igneous, and metamorphic rocks of various ages; and
Aravaipa Valley is underlain by conglomerate and alluvium of
Tertiary age and Quaternary alluvium.

The rocks of the region range in age from Precambrian to
Recent and have been divided into 14 formations of layered
rocks, both sedimentary and volcanic, 4 formations of plutonic
igneous rocks, and 1 formation of metamorphic rock. Precam-
brian rocks are the Pinal Schist, composed of graywacke, shale,
sandstone, and silicic to intermediate volcanic rocks moderately
metamorphosed to quartz-muscovite-chlorite schist, hornfels,
and quartzite; Laurel Canyon Granodiorite, intrusive into Pinal
Schist ; and small dikes, sheets, and irregular bodies of diabase
that intrude both formations. Paleozoic rocks are a largely
conformable sequence that aggregates about 1,300 feet in thick-
ness and includes, from oldest to youngest, the Bolsa Quartzite
of Middle Cambrian age, Martin Formation of Late Devonian
age, Escabrosa Limestone of Mississippian age, and Horquilla
Limestone of Middle Pennsylvanian age. The only paleontologi-
cally dated formation of post-Pennsylvanian age is the Pinkard
Formation of Late Cretaceous (Colorado) age, mainly sand-
stone and shale. The Pinkard is overlain disconformably by
andesitic pyroclastic rocks of the Williamson Canyon Volcanics,
which, in turn, is overlain unconformably by the silicic and in-
termediate volcanic rocks of the Horse Mountain Volcanics, the
lower part of which may be of latest Cretaceous age. Two
other formations, the Buford Canyon Formation of the Santa
Teresa Mountains and the Glory Hole Volecanics of the Galiuro
Mountains, are assigned tentatively to the Mesozoic and Ceno-
zoic because they cannot be dated closely. One granitoid plu-
ton, the Copper Creek Granodiorite, is Late(?) Cretaceous or
Tertiary, and two others, the Goodwin Canyon Quartz Monzo-
nite and the Santa Teresa Granite, are referred to the Tertiary.
Overlying unconformably the Copper Creek Granodiorite is a
thick section of intermediate to silicic volcanic rocks, the Gali-

uro Voleanics, also referred to the Tertiary; this formation is
divided into 12 units. All the aforementioned rocks are cut by
dikes of silicic to intermediate composition; these dikes are
especially numerous in the Turnbull Mountains. The youngest
rocks include a thick section of highly indurated conglomerate,
the Hell Hole Conglomerate, along the east side of the Galiuro
Mountains ; extensive deposits of older alluvium along the south-
west flank of the Santa Teresa and Turnbull Mountains and the
east flank of the Galiuro Mountains; terrace deposits and lake
beds along Aravaipa Valley; and valley fill and flood-plain de-
posits along present stream courses. The aggregate thickness
of post-Precambrian sedimentary and volcanic rocks is 17,000-
19,000 feet, but only a few thousand feet or less is exposed in
any one place. Approximately 48 percent of the quadrangle
is underlain by conglomerate and alluvium of Tertiary and
Quaternary age, 31 percent by volcanic rocks of Mesozoic and
Cenozoic age, 11 percent by Late(?) Cretaceous or Tertiary
granitoid rocks, and 10 percent by Paleozoic and Precambrian
rocks.

The geologic structure is complicated locally but does not
seem to be complex. Steeply dipping normal faults of small to
moderate displacement are the characteristic structures. Four
principal groups of structures, only one of which is widespread,
are recognized. The oldest structures, of Precambrian age, are
folds and schistosity in the Pinal Schist and local gneissosity
in the Laurel Canyon Granodiorite; these structures trend gen-
erally northeast and are truncated by Cambrian sedimentary
rocks along a major unconformity. Two subsequent structural
trends of post-Pennsylvanian and pre-Tertiary age are obscure,
and little is known about them. The earlier trend, of pre-Late
Cretaceous age, is indicated by easterly to northeasterly trend-
ing folds in limestone of Pennsylvanian age, which are cut off
by Cretaceous sedimentary rocks along a pronounced uncon-
formity. The later trend, of Late(?) Cretaceous or early Ter-
tiary age, is indicated by poorly defined eastward-trending folds
in Late Cretaceous sedimentary rocks and Late(?) Cretaceous
or Tertiary volecanic rocks, which in turn are truncated by
Late(?) Cretaceous to Tertiary volcanic rocks. The principal
structures are of Tertiary age and are mainly faults of north-
northwesterly to northwesterly trend. A few folds of similar
trend are assigned to this group of structures. Some of the
faults have displacements of as much as several thousand feet,
but most are small. It seems likely that many of these faults
formed as a result of emplacement of the Santa Teresa and
Goodwin Canyon granitoid plutons. The youngest formation
involved in this faulting and folding is the Hell Hole Conglom-
erate, which is believed to be of middle to late Tertiary age.

1



2 GEOLOGY, KLONDYKE

The present arrangement of mountains and valley probably
was established prior to the deposition of the Hell Hole Con-
glomerate, and the only subsequent major modification of this
arrangement seems to have been the westward diversion of an-
cestral Aravaipa Creek antecedent to the latest uplift of the
Galiuro Mountains.

The mineral deposits of the quadrangle comprise a varied
group of vein deposits, replacement deposits in Paleozoic car-
bonate rocks, and breccia-pipe deposits. The principal metals
of the veins and replacement deposits are lead, zinc, copper, and
silver, and of the breccia pipes, copper and molybdenum. The
deposits are divided into four geographic groups—Aravaipa,
Grand Reef, Table Mountain—Fourmile Creek, and Copper Creek.

The deposits of the Aravaipa and Grand Reef groups are
quartz-sulfide bodies along low-dipping faults (the principal ex-
ample is the Head Center mine), quartz-specularite-fluorite-sul-
flde aggregates along steeply dipping breccia reefs (Grand Reef
mine), or narrow quartz-sulfide fissure fillings along faults in
volcanic rocks. The only common sulfide minerals are galena,
sphalerite, chalcopyrite, and pyrite, and virtually the only
gangue minerals are quartz or amethyst, specularite, and fluor-
ite. Most veins are a few feet or less in width and a few hun-
dred feet long. Most of the veins strike between N. and N. 25°
W., but the productive Sinn Fein-Head Center-Iron Cap struc-
ture strikes nearly east. Mineralization may have taken place
during emplacement of the Santa Teresa Granite.

Veins of the Table Mountain—Fourmile Creek group are com-
posed of supergene copper minerals that fill short and very
narrow steeply dipping fissures in volcanic rock. Most of these
veins strike between N. 60° W. and W. The Table Mountain
deposit is unusual: Jasperoid and jasperoid breccia in the
Escabrosa Limestone contain irregular pods and films of super-
gene copper minerals, mostly chrysocolla, along joints, faults,
and weathered surfaces.

Little is known about the replacement deposits of the Aravaipa
region. These deposits consist of sphalerite and galena that
have replaced Escabrosa Limestone, Horquilla Limestone, or
tactite derived from either. Chalcopyrite and pyrite are very
scarce. The sulfide minerals form veinlets, disseminations, and
small irregular masses in the host rocks. The tactite is made
up of garnet, epidote, johannsenite, calcite, and sparse fluorite
and quartz. The replacement deposits are not obviously related
to any intrusive igneous rock.

The breccia-pipe deposits of the Copper Creek area are essen-
tially vertical, circular or elliptical cylinders of breccia litho-
logically identical to the wall rocks, Copper Creek Granodiorite
or Glory Hole Volecanics. Breccia fragments range in shape
from angular to somewhat rounded and are strongly altered to
quartz and sericite. Contacts with wallrocks are sharp and
usually not faulted. Ore minerals are mainly chalcopyrite and

, molybdenite which, for the most part, are interstitial to the
fragments. Pyrite is widely distributed in the pipes, and tour-
maline is present in a few. The breccias appear to have formed
practically in place, but their origin is conjectural. Alteration
and mineralization may be related to intrusions of a biotite
latite porphyry facies of the Copper Creek Granodiorite.

The total production from mineral deposits in the Klondyke
quadrangle probably has been less than $10 million, and only
two or perhaps three mines (Head Center, Childs-Aldwinkle,
and possibly the Grand Reef) have yielded more than a million
dollars worth of ore.

QUADRANGLE, ARIZONA

INTRODUCTION

LOCATION AND ACCESSIBILITY

The Klondyke quadrangle is in Graham and Pinal
Counties, southeastern Arizona, about 55 miles north-
east of Tucson and 45 miles southeast of Globe; the
western one_fifth of the quadrangle is in Pinal County
(fig. 1). The quadrangle is enclosed by parallels
32°45" and 33°00’ and meridians 110°15" and 110°30’,
and has an area of about 250 square miles.

According to Barnes (1960, p. 129), Klondyke was
named by settlers who had returned from the Klondike
gold rush. The region was settled, however, long be-
fore the Klondike rush. Klondyke may be reached
from a point on U.S. Highway 70 between Safford
and Globe over 34 miles of good gravel road, and also
is accessible from Willeox, on U.S. Highway 666, over
63 miles of gravel road that locally may be difficult or
impassable after heavy rains. A third route, seldom
used for access to Klondyke, is the Stockton Pass Road
to Fort Grant, which leaves U.S. Highway 666 be-
tween Willcox and Safford and joins the Willcox-
Klondyke road 31 miles southeast of Klondyke. A
good gravel road extends from the valley of the San
Pedro River up Copper Creek as far as the Glory
Hole, Bluebird, and Childs-Aldwinkle mines, and a
branch of this road leads south to Sombrero Butte and
the valley of the San Pedro. A rough jeep road leads
from the valley of the San Pedro River near the
mouth of Aravaipa Creek to the Table Mountain mine,
and a very poor road connects this mine with the
Aravaipa Valley-Klondyke road at the mouth of Tur-
key Creek. Another rough jeep road extends from the
valley of the Gila River near Geronimo up Goodwin
Canyon to the Cobre Grande mine. From a point on
old U.S. Highway 70 about 7 miles east of Coolidge
Dam, a fair truck road leads south to Old Deer Creek
and the Princess Pat mine.

Within the Aravaipa Valley, good gravel roads
connect Klondyke with the Lackner Ranch in the
canyon of Fourmile Creek, the Salazar Ranch just
northeast of the confluence of Aravaipa and Turkey
Creeks, the Sanford Ranch on Old Deer Creek, and
Aravaipa. Many other roads in diverse states of re-
pair lead to various ranches, mines, and stock tanks.
It is probable that no point in the quadrangle is more
than 8 miles from a jeep or truck road.

Some 47 square miles of the quadrangle, mainly in
the northeast quarter, is within Crook National Forest.

There are no settlements within the quadrangle, and
the nearest sizable town is Safford, 50 miles east of
Klondyke by road. Klondyke, near the center of the
quadrangle, consists of a store and gas pump, a school-
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4 GEOLOGY, KLONDYKE QUADRANGLE, ARIZONA

house, and a teacher’s house. Aravaipa, once the cen-
ter of mining activities of the Aravaipa district, is
abandoned (1960) except for a caretaker employed by
the Athletic Mining Co. New Aravaipa, a short dis-
tance north of Aravaipa and the former camp of the
company, has been completely abandoned since 1958.
Copper Creek, a good-sized settlement when the mines
of the Copper Creek area were active, is completely
abandoned, and nearly all the buildings except those
of the Old Reliable mine are in ruins. A number of
ranch houses, perhaps 20 in all now inhabited, are
scattered along Aravaipa Valley and its tributaries.
The only important economic activity of the region
is cattle raising.

PHYSICAL FEATURES

The Klondyke region is in that part of Arizona
referred to by Ransome (1923) as the Mountain region
of the Basin and Range province, lying between the
Plateau province to the northeast and the Plains re-
gion of the Basin and Range province to the south-
west. According to the scheme of Fenneman (1931,
pl. 1), the region is in the Mexican Highland section
of the Basin and Range province. The most recent
contribution to Arizona physiography (Heindl and
Lance, 1960, fig. 2) recognizes only two physiographic
provinces; the Klondyke region falls into the Basin
and Range province.

The dominant physical features of the Klondyke
region are the Galiuro Mountains, which make up the
western one-quarter of the quadrangle, and the Santa
Teresa and Turnbull Mountains, covering the north-
eastern one-quarter. These mountain masses are sepa-
rated in the southern half of the quadrangle by the
Aravaipa Valley and in the northern half by Lone
Cedar Mesa and by other extensive alluviated areas
dissected by tributaries of Aravaipa Creek and Hawk
Canyon. In the remainder of this report, the open
valley of Aravaipa Creek upstream from Stowe Gulch
will be referred to as Aravaipa Valley, and its deep
and narrow canyon downstream from Stowe Gulch as
Aravaipa Canyon; this nomenclature follows that of
the Klondyke quadrangle map. Altitudes in the quad-
rangle range from 2,860 feet where Aravaipa Creek
leaves the quadrangle to 7,150 feet at Cobre Grande
Mountain in the Turnbull Mountains and 7275 feet
on Pinnacle Ridge in the Santa Teresa Mountains.

The Galiuro Mountains lie along the western margin
of the quadrangle and separate the valleys of Ara-
vaipa Creek and San Pedro River. On their west
side, outside the quadrangle, they rise rather steeply
above the valley of the San Pedro River, but on the
east they merge so imperceptibly with the conglom-

erate and alluvium of Aravaipa Valley that no sharp
line can be drawn to mark their edge. If the geologic
boundary between volcanic rocks and younger rocks
be taken as the east edge of the mountains, then within
the quadrangle they range in width from 9 miles along
the south edge of the quadrangle to less than a mile
along Horse Camp Canyon.

North of Aravaipa Canyon, the Galiuro Mountains
are a rolling grass-covered upland broken only locally
by eminences such as Lookout Mountain, which rises
500 feet or so above the general land level. For 5 to 6
miles south of Aravaipa Canyon the Galiuro Moun-
tains are a strikingly level-topped tableland that
slopes gently north and is deeply dissected by Wire
Corral Draw, Virgus, Parsons, and Oak Grove Can-
yons, and the canyon of Turkey Creek. Farther south
the Galiuro Mountains lose their mesalike character
and become instead a rather formless mass having a
west-northwest trending summit of fairly uniform
altitude punctuated by a number of low but steep-sided
knobs, the highest of which, Little Table Mountain,
rises to an altitude of 6,254 feet. The topographic
contrast between the northern and southern parts of
the range is directly related to their geological make-
up; the northern part is underlain by gently dipping
silicic and intermediate volcanic rocks of greatly dif-
ferent resistances to erosion which have given rise to
a terrain of mesas, benches, and cliffs, whereas the
rocks farther south, particularly on the east side of
the range, are dominantly a monotonous assemblage
of intermediate volcanic rocks whose uniformity of
resistance to erosion is expressed by the lack of any
salient landforms. In the Copper Creek region, the
rather disordered terrain of the Copper Creek basin,
underlain by granodiorite and metamorphosed inter-
mediate volcanic rocks, is surmounted by a prominent
cliff and bench topography carved on generally flat-
lying volcanic rocks. Viewed from the valley of the
San Pedro River, the upper part of the range rises
impressively above the intervening hilly lowlands.
This mountain front, only a small part of which lies
within the Klondyke quadrangle, is clearly described
by Davis and Brooks (1930).

The Santa Teresa and Turnbull Mountains are a
continuous mountain mass that constitutes the divide
between the valleys of Aravaipa Creek and Gila
River. No natural division between these mountains
exists, but in this report the Santa Teresa Mountains
are considered to be separated from the Turnbull
Mountains by Black Rock Canyon on the north and
Laurel Canyon on the west; they are thus a rather
small mountain block made up principally of granite
of Tertiary age from which all their high peaks have
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been carved. The Santa Teresa Mountains extend
eastward beyond the quadrangle as far as Jackson
Mountain, dying out between Black Rock and Tele-
graph Washes in the Jackson Mountain quadrangle.
In their high areas the Santa Teresa Mountains are a
jumble of ragged peaks, narrow ridges, and deep val-
leys that combine to produce a very rugged terrain.

The Turnbull Mountains are a moderately rugged
mountain mass underlain by a variety of sedimentary,
metamorphic, and volcanic and plutonic igneous rocks.
They extend north and east of the Klondyke quad-
rangle and culminate in Mount Turnbull (7,970 ft
high), about 10 miles southwest of Bylas on U.S.
Highway 70.

Along the north edge of the quadrangle, a line of
hills inciuding Lone Cedar Mesa and Lookout Moun-
tain forms the low divide between the Aravaipa drain-
age area and that of Hawk Canyon, which leads
directly to the Gila River below Coolidge Dam.

Aravaipa Valley enters the quadrangle near the
southeast corner and extends diagonally across the
quadrangle in a northwesterly direction. From a short
distance below the confluence of Aravaipa Valley and
Stowe Gulch to the west edge of the quadrangle and
a considerable distance beyond, Aravaipa Creek is
perennial, maintaining an appreciable flow of water
throughout the year, and has carved a deep canyon
across the Galiuro Mountains. Water appears very
suddenly in the canyon, so that the creek achieves its
full flow within a few tens of feet downstream from a
dry bed. The abrupt appearance of water is clearly
due to a change of bedrock; above the point where
water appears, the floor of Aravaipa Valley is uncon-
solidated or only slightly consolidated alluvium of
unknown thickness (but surely more than 100 ft),
whereas at the point and below, the canyon is narrow,
the alluvial cover thin, and the bedrock highly in-
durated conglomerate. The nature of the juncture
between thick alluvium and conglomerate is not cer-
tain, but is surmised to be a fault.

Above the confluence of Aravaipa Valley and Stowe
Gulch, Aravaipa Creek occupies a broad open valley
and is dry except after rains, when it may carry a
very large volume of water.

On both sides of Aravaipa Valley, extensive surfaces
underlain by partly consolidated alluvial deposits
slope gently valleyward. On the southwest side of the
valley between Fourmile Creek and the southeast
corner of the quadrangle, the alluvium is deeply dis-
sected but many of the remaining long and narrow
ridges have accordant summits. On the northeast side
of the valley, however, extensive erosion has largely
destroyed any former accordant summits that might

have existed, although a few are preserved along
upper Klondyke Wash. ’

The flood plain of Aravaipa Creek above Stowe
Gulch is generally between half a mile and a mile
wide. On this flood plain the present river course is
incised as much as 3 or 4 feet. Along Aravaipa Val-
ley, particularly on the northeast side between Buford
Canyon and Stowe Gulch, a well-defined series of
terraces lies at heights above the present flood plain
of from about 200 feet at the upper end of the valley
to 50 feet at the lower end. A few remnants of a
second terrace level perhaps 100 feet higher are pre-
served in the extreme southeast corner of the quad-
rangle.

CLIMATE AND VEGETATION

The Klondyke region has the warm dry climate
typical of the Arizona part of the Basin and Range
province. Precipitation, mostly as rain, ranges from
an estimated 14 to 17 inches at Klondyke in the
Aravaipa Valley to probably 20 inches or more around
Cobre Grande Mountain, almost 4,000 feet higher.
Nearly half the precipitation in the region occurs
during July, August, and September, and a large part
of the remainder during December, January, and Feb-
ruary. April, May, and June are excessively dry,
much less than an inch of precipitation per month
having been reported for Klondyke or any nearby
station.

Temperatures range from moderate during the win-
ter to high or very high during the summer. No
temperature data are available for Klondyke itself,
but at nearby places of comparable altitude summer
temperatures of 110°-116°F have been reported, and
temperatures in excess of 100°F are not uncommon
during June, July, and August. Nighttime tempera-
tures of freezing or slightly below are common during
December to March or even April; the lowest tem-
perature recorded at any nearby place is 7°F.

Vegetation of the Klondyke region is principally
that of the Upper Sonoran zone, but small areas are
in the Lower Sonoran or Transition zones. Typical
plants of the Upper Sonoran are juniper and pifion
pine; those of the Lower Sonoran are mesquite, cat-
claw, and giant cactus (saguaro), and that of the
Transition is ponderosa pine. The principal valleys
of the area support locally heavy growths of mesquite,
and along watercourses, particularly Aravaipa Canyon
and Turkey Creek, are large stands of cottonwood,
sycamore, and hackberry. Lower slopes carry yucca,
sotol, beargrass, ocotillo, pricklypear, and agave (“mes-
cal”), whereas higher slopes support dominantly
pifion and juniper. Some north-facing slopes, par-
ticularly those along Old Deer Creek, are covered
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with a dense growth of scrub live oak, manzanita,
serviceberry, and other shrubs. Ponderosa pine is
limited to the upper parts of Cobre Grande Mountain.
Various small cacti of the hedgehog type are common
at all altitudes below about 6,500 feet. Along lower
Aravaipa Creek, saguaro cactus makes its appearance,
and cholla, paloverde, and saguaro are abundant on
the alluvial plain at the western foot of the Galiuro
Mountains.

A great variety of wildflowers appear in April if
winter rainfall has been normal; the most conspicuous
flowers are vervain, lupine, thistlepoppy, goldpoppy,
globemallow, paperflower, desert marigold, wild four-
o'clock, Indian paintbrush, groundsel, larkspur, wild
heliotrope, evening primrose, wild onion, and sego
lily. Along watercourses, prominent displays of
penstemon, yellow columbine, and monkey flower may
be seen occasionally. Filaree is widespread and pro-
vides valuable spring forage.

FIELDWORK AND ACKNOWLEDGMENTS

During 1957, 1958, and 1959, a total of about 8
months was spent in the fieldwork leading to this
report, and an additional 2 weeks was spent in a field
check in 1960. In the fall season of 1957 and the
spring seasons of 1958 and 1959, I was ably assisted
by David B. Brooks, and in the fall season of 1958, by
Robert Pullen. Mapping was done both on a topo-
graphic base at a scale of 1:48,000 and on aerial pho-
tographs at an approximate scale of 1:20,000. Data
were transferred directly from photographs to base
map with the aid of a stereoscope. All but one of the
stratigraphic sections were measured by hand-leveling;
the exception was measured by steel tape and compass.
Most mine maps were made using tape and compass;
a few small underground workings were mapped by
pace and compass. Less than 2 weeks was spent in
mine mapping, mainly because access to the principal
mines of the Aravaipa district was not permitted.

Fieldwork was facilitated by the courtesies and co-
operation of many residents of Aravaipa Valley. In
particular, I am indebted to Mr. and Mrs. Clay Turn-
bull, Mrs. May Davidson, and Mr. and Mrs. Elton
Kidd, whose hospitality made my stay in the region
much more pleasurable than it might otherwise have
been. Herb Hatter, a longtime resident of the area,
and Elton Kidd made available to me their knowledge
of former mining activity in the district. To the many
ranchers who permitted me access to their roads and
ranges, I render grateful acknowledgment.

All mineral identifications by use of the X-ray
spectrometer were made by Theodore Botinelly of the
U.S. Geological Survey.

PREVIOUS WORK

The only previous general geologic work in the
region was a reconnaissance study of the Aravaipa
and Stanley mining districts by Ross (1925a), which
established the basic stratigraphy and structure of the
region. This report is particularly valuable for its
descriptions of mines and prospects, many of which
are not open for study at the present time. The Klon-
dyke and adjacent quadrangles were mapped in recon-
naissance in 1956 (Creasey and others, 1961), and
certain parts were mapped by Wilson for inclusion in
the Graham-Greenlee Counties sheet (Wilson and
others, 1958) and the Pinal County sheet (Wilson and
others, 1959) of the geologic map of Arizona. Notes
on the geology of the region appear in the compre-
hensive work of Darton (1925, p. 271-276) and in a
short paper of Courtright (1958). Thomssen and
Barber (1958) have described a partial section of
Escabrosa Limestone at the Table Mountain mine.
The physiography of the west flank of the Galiuro
Mountains is well described by Davis and Brooks
(1930). Brief descriptions of mines in the Aravaipa
district have been published by Denton (1947b) and
Wilson (1950), and papers on the geology and ore
deposits of Copper Creek have been published by
Weed (1913) Kuhn (1938, 1941, 1951), and Denton
(1947a).

SCOPE OF THE REPORT

Geologic mapping of the Klondyke quadrangle

"(pl. 1) was undertaken principally as part of a study

of the highly productive mineralized region that in-
cludes the great copper deposits of Globe-Miami, Ray,
and San Manuel. Early reports of Ransome (1903,
1904a, 1916, 1919, 1923) and Ross (1925a, 1925b) pro-
vided a foundation on which to base more detailed
work, some of which has been published (Short and
others, 1943; Peterson, Gilbert, and Quick, 1951;
Peterson, 1954; Peterson and Swanson, 1956; and
Creasey and others, 1961). Known ore deposits of the
Klondyke quadrangle are small, but it was believed
that more detailed geological mapping of it and adja-
cent quadrangles would aid in understanding the re-
gional setting of the known major ore deposits.
Because the principal mines of the Aravaipa district
could not be studied in detail, the present report,
insofar as the ore deposits are concerned, amplifies
only slightly the pioneer work of Ross. Many of the
other mines, particularly the shaft mines, were inac-
cessible at the time of this study.

In this report, the longest sections are on the post-
Paleozoic rocks, which crop out over more than 85
percent of the quadrangle; in particular, the volcanic
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rocks are discussed in considerable detail. The small
discontinuous outcrops of Paleozoic formations fur-
nish only meager evidence of regional significance.
Outcrop areas of Precambrian rock are somewhat
more extensive, but it was concluded that the addi-
tional data of regional importance obtainable from
their detailed study would not be commensurate with
the great expenditure of time required by such a study.

GEOLOGY
SUMMARY OF GEOLOGIC FEATURES

The rocks of the Klondyke region range in age from
Precambrian to Recent and embrace a great variety of
lithologic types. They have been divided into 19 for-
mations, including 14 of layered rocks both sedimen-
tary and volcanic, 4 of plutonic igneous rocks, and
1 of metamorphic rocks; one volcanic formation is
subdivided into 12 units and one other formation into
2 members.

Rocks of Precambrian age include schist, hornfels,
and moderately metamorphosed sedimentary and vol-
canic rocks and coarsely porphyritic granodiorite.
Paleozoic rocks are entirely of sedimentary origin and
are dominantly limestone and quartzite, and minor
amounts of conglomerate, shale, and marl; they ag-
gregate about 1,300 feet of strata, including about
300 to 400 feet of quartzite of Cambrian age, as much
as 150 feet of marl, limestone, shale, and sandstone of
Devonian age, 300 to 500 feet of limestone of Missis-
sippian age, and 400 feet of limestone of Pennsyl-
vanian age. The only rocks known unequivocally to
be of Mesozoic age are as much as 900 to 1,000 feet of
sandstone and shale of early Late Cretaceous (Colo-
rado) age. A sequence of intermediate volcanic rocks
as much as 2,500 to 3,000 feet thick, and another of
silicic to intermediate volcanic rocks possibly 3,000-
4,000 feet thick, may be of Late(?) Cretaceous or
Tertiary age. The aggregate thickness of rocks of
Late Cretaceous or Tertiary age is therefore about
6,500 to 8,000 feet. Two other sequences of domi-
nantly volcanic rock cannot be dated closely but are
probably of Cenozoic or Mesozoic age. A granodiorite
pluton is considered to be of Tertiary or Late(?) Cre-
taceous age. Rocks of probable Tertiary age include
sizable plutons of granite and quartz monzonite, as
much as 6,500 feet of lithologically diverse volcanic
rocks in the Galiuro Mountains, numerous silicic dikes,
and as much as 2,000 feet of highly indurated con-
glomerate. At least two distinct formations of Qua-
ternary alluvium, totaling at least 800 feet in thick-
ness, are recognized, in addition to lakebeds as much
as 100 feet thick and terrace deposits of two or pos-
sibly three ages. The aggregate thickness of post-

Precambrian sedimentary and volcanic rocks is about
17,000 to 19,000 feet, but only a few thousand feet or
less of beds is exposed in any one continuous section.

The geologic structure is complicated locally but
does not seem to be complex. The earliest structures,
folds and schistosity in the Precambrian rocks of the
Santa Teresa and Turnbull Mountains, trend about
northeast. An obscure structural trend of post-Penn-
sylvanian, pre-Cretaceous age, reflected by folds in

{ limestone of Pennsylvanian age in the Turnbull Moun-

tains, strikes approximately east to northeast, and
another obscure easterly trend of Late Cretaceous(?)
age is shown by poorly defined folds in Upper Creta-
ceous sedimentary and volcanic rocks. Most of the
structures, principally faults of a north-northwest to
northwest trend, are younger than Late Cretaceous,
but the lack of fossils in rocks of post-Colorado (early
Late Cretaceous) age precludes any but relative dat-
ing of these late structures. In the Santa Teresa and
Turnbull Mountains, the main faults seem to be earlier
than or contemporaneous with the emplacement of
granite and quartz monzonite plutons of Tertiary age.
Mineralization in these mountains is believed to have
taken place at about the same time as emplacement of
the plutons. The granodiorite pluton in the Copper
Creek district may be about the same age as those in
the Santa Teresa and Turnbull Mountains. Ore de-
posits of Copper Creek are younger than the grano-
diorite but cannot be dated closely. Volcanic rocks of
the Galiuro Mountains are younger than the grano-
diorite and may postdate the Copper Creek mineral
deposits.

The present arrangement of mountain masses and
valley presumably originated in middle Tertiary time
with the erosion or down-faulting of an ancestral
northwesterly trending Aravaipa Valley. Two exten-
sive sequences of valley fill have accumulated along
this former valley; the earlier fill is well indurated,
folded, and faulted, whereas the later appears to be
unaffected by diastrophism. Faults in the Galiuro
Mountains and faults and folds in the older valley
fill of Aravaipa Valley are roughly parallel to some
earlier structures and trend about north-northwest.

The Galiuro Mountains were uplifted in late Ter-
tiary time on a fault or group of faults along their
west flank, and erosion of Aravaipa Canyon presum-
ably began at that time. Within the Klondyke quad-
rangle, however, no folding or faulting younger than
the later sequence of valley fill has been recognized.
Canyon cutting by Aravaipa Creek below Stowe Gulch
and flood-plain formation above Stowe Gulch contin-
ued until very recent time; at present Aravaipa Creek
is slightly incised into its flood plain, and no bedrock
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is exposed along the canyon bottom downstream from

Stowe Gulch.

The geologic formations mapped in the three broad

GEOLOGY, KLONDYKE QUADRANGLE, ARIZONA

areas of the quadrangle—Galiuro Mountains, Aravaipa

Valley, and Santa Teresa-Turnbull Mountains—are

summarized in the following table.

Summary of geologic formations of the Klondyke quadrangle, Arizona

Formation
Thickness . .
Age (feet) Lithology and Location
Galiuro Mountains Aravaipa Valley Santa Teresa and
Turnbull Mountains
> Recent Younger alluvium Younger alluvium Younger alluvium 80? | Unconsolidated flood-plain deposits along Aravaipa Creek,
I and alluvium along its tributaries and Copper Creek.
d
|5} Recent or Lake beds and Unconsolidated gravel capping terraces 50-200 ft above
§ Pleistocene Not exposed terrace deposits Not exposed 100? Aravaipa Valley; weakly consolidated brown sandy to
& silty lake deposits. In Aravaipa Valley and tributaries.
Unconformity
Pleistocene Partly consolidated essentially flat-lying alluvium along
Em— or Not recognized Older alluvium Older alluvium 7004 southwest flank of Santa Teresa and Turnbull Mountains
Pliocene and northeast flank of Galiuro Mountains.
‘Unconformity
Well-indurated buff conglomerate, locally strongly de-
Late or middle Hell Hole Hell Hole Not recognized 2,0004-| formed, along northeast flank of Galiuro Mountains.
Conglomerate Conglomerate Composed mainly of voleanic debris; includes few beds
of tuff and ash.
Unconformity
Upper tuff unit 200-300 | Coarse-grained light-colored rhyolitic tuff, mostly near
Aravaipa Canyon.
—Local unconformity
Upper andesite 100-500 | Dark fine-grained olivine andesite or basaltic andesite lava
unit and agglomerate, north of Aravaipa Canyon.
—Local unconformity
Quartz latite unit 0-200 | Reddish coarse-grained porphyritic quartz latite in upper
of Hawk Canyon Hawk Canyon.
: : 1 0-700 | Obsidian, obsidian agglomerate, vitrophyre, and minor
Rhyolite-obsidian tuff and breccia in lower part; light-colored fine-grained
rhyolite in upper part. North of Aravaipa Canyon.
Tuff unit of 0-100 | Light-colored massive silicic vitric-crystal tuff in upper
Hawk Canyon Hawk Canyon.
s Mostly coarse-grained porphyritic olivine andesite or
aglg:;ﬁegﬁtte Not exposed Not recognized 150-450 basaltic andesite, minor fine-grained to porphyritic
§ andesite. Along and south of Aravaipa Canyon.
d
IS 2 8 0-100 | Massive coarse-grained vitric-lithic silicic tuff, locally
5 g E White tuff unit welded at top.  South of Aravaipa Canyon.
B =
3 = o Pinkish cliff-forming massive vitric or vitric-crystal rhyo-
S § Upper welded tuff 75-2004-| lite welded tuff. Includes porphyritic rhyolite lava of
= unit Black Butte. Lower walls of Aravaipa Canyon, and ex-
S tensive stripped surfaces along Parsons and Virgus
Canyons.
—Localdisconformity?
Heterogeneous assemblage of light-colored silicic tuffi and
Lower tuff unit 0-550 welded tuff, hornblende andesite, and a thin flow of
olivine basalt. South of Aravaipa Canyon.
s e . 0-400 | Reddish porphyritic dacite, andesite, and latite flows, lo-
Biotite dacite unit cally cliff forming. Upper Parsons and Oak Grove
Canyons.
— Disconformity
Lower welded 250~-350 | Brownish vitric-crystal biotite latite welded tuff. Upper
tuff unit Virgus, Parsons, and Oak Grove Canyons.
—Local unconformity?
Red to gray fine-grained andesite and olivine andesite
flows, flow breccia, and agglomerate, latite lava and tuff;
Lower andesite unit 1,3004| minor coarse-grained porphyritic olivine andesite, tuff

Includes several pyroclastic cones

and conglomerate.
Summit of Galiuro Mountains.

and breccia pipes.

Unconformity
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Summary of geologic formations of the Klondyke quadrangle, Arizona—Continued

Formation .
Age Th(lfclm)ess Lithology and Location
feet
Galiuro Mountains Aravaipa Valley Santa Teresa and
Turnbull Mountains
Goodwin Canyon Light-colored equigranular to porphyritic quartz monzonite
§ Not recognized Not exposed Quartz Monzonite and granite, subordinate diorite. Head of Goodwin Can-
I yon. Age relative to that of Santa Teresa Granite un-
g Tertiary known.
@ Santa Teresa Pale-red medium-grained equigranular perthite leucogran-
= Not recognized Not exposed Granite ite. Santa Teresa Mountains.
3
o Grayish medium-grained porphyritic granodiorite of Cop-
g Copper Creek Not exposed Not recognized per Creek basin. Contains numerous breccia pipes. Age
] Granodiorite relative to that of Santa Teresa Granite or Goodwin Can-
k] yon Quartz Monzonite unknown; all may be of nearly
= the same age.
g ——Intrusive contact:
= Tertiary or Silicic lava, tuff, welded tuff, obsidian, and vitrophyre;
<] Late(?) Horse Mountain Horse Mountain subordinate andesite and dacite. Lenticular conglom-
2‘ Cretaceous Not recognized Volcanics Volcanics 3,0004| erate at base, locally fossiliferous. Numerous necks and
] vent breccias. Southwest flank of Santa Teresa and
S, Turnbull Mountains.
g -~ Angular unconformity- - - - -
= Nondescript massive pyroclastics, porphyritic lavas, and
s Not recognized Not exposed Williamson Canyon 2,500+| flow breccia, probably mostly andesitic or dacitic. Local
< Volcanics basal conglomerate. Head of Williamson Canyon and
© along Old Deer Creek.
2 — Disconformity 1,500+ Dark fl d altered d flow breceia of andesit
=) N Voleanic , 5 ark fine-grained altered flows and flow breccia of andesite
s Not recognized Not exposed E,g member or basalt; minor silicic pyroclastic rocks.
'S 82? Moderately indurated conglomerate with interlayered
« o g Conglomerate 7004+| andesite or basalt flows and silicic pyroclastics. Buford
& Not recognized Not exposed 53 member Canyon and Klondyke Wash. Age relative to that of
2 Cenozoic and =Ll Horse Mountain or Williamson Canyon Volcanics un-
g Masozoic ) known.
B Unconformity—- -
% Heterogeneous, probably mostly andesite or dacite pyro-
= Glory Hole Not exposed Not recognized 1,500+| clastics, subordinate flows, and flow breccias. Numerous
s Volcanics breccia pipes. Copper Creek region. Age known only
< to be post-Mississippian, pre-Miocene(?).
Unconformity? —— -
QGray to olive graywacke, feldspathic sandstone, siltstone,
Late Cretaceous Pinkard(?) Formation Not exposed Pinkard Formation | 900-1,000? and shale, minor quartzite and conglomerate. Sparingly
fossiliferous. Iron Cap mine and along Old Deer Creek.
‘Unconformity- —Angular unconformity
Gray to light-gray thin-bedded fine-grained fossiliferous
a Pennsylvanian Not exposed Not exposed Horquilla Limestone 350400 limestone, subordinate coarse-grained and thick-bedded
o limestone. Aravaipa and Landsman Camp areas.
& Disconformity -
=] Light- to medium-gray thick- to thin-bedded medium- to
S fine-grained limestone; some crinoidal, oolitic, or cherty
E] Mississippian Escabrosa Limestone Not exposed Escabrosa Limestone 300-400 limestone. Locally cliff forming. Aravaipa and Lands-
o] glan Camp areas, Table Mountain mine, Copper Creek
asin.
Disconformity Disconformity P v 1 . dolomite shal T eandst
N N : 150 ariegated marl, limestone, dolomite, shale, and sandstone.
Devonian Martin Formation Not exposed Martin Formation ‘Aravaipa and Landsman Camp area, Copper Creek basirt.
Disconformity? Disconformity——
Light-colored massive cliff-forming orthoquartzite and grit;
Cambrian Bolsa(?) Quartzite Not exposed Bolsa Quartzite 300-400 basal conglomerate, purplish shaly p&rtings. Aravaipa
and Landsman Camp areas, Quartz Hill, Copper Creek
region?.
Unconformity Dikes, sheets, and irregular bodies intruding Pinal Schist
es, sheets, and irregular bodies intruding Pinal Schis
Not exposed Not exposed Diabase and Laurel Canyon Granodiorite.
Coarse-grained porphyritic granodiorite, commonly con-
Not recognized Not exposed Laurel Canyon taining prominent phenocrysts of pink perthite. Local
Precambrian Granodiorite red granophyre and siliceous granite facies. Laurel and
Tule Canyons region.
Intrusive contact
Schistose graywacke, quartz-muscovite-chlorite schist,
Pinal(?) Schist Not exposed Pinal Schist ? quartzite, metavolcanics, and hornfels. Santa Teresa

and Turnbull Mountains; Galiuro Mountains?.
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PRECAMBRIAN ROCKS
PINAL SCHIST

The name Pinal Schist was given by Ransome (1903,
p. 23) to the basement rock of the Pinal Range south-
west of Globe and was later applied by him and others
to similar rocks in the Bisbee district (Ransome,
1904b, p. 24-27), the Clifton-Morenci district (Lind-
gren, 1905a, p. 56), the Ray and Miami districts
(Ransome, 1919, p. 32-37), the Aravaipa and Stanley
districts (Ross, 1925a, p. 13-15), central Cochise
County (Gilluly, 1956, p. 10-11), the Dos Cabezas
and Chiricahua Mountains (Sabins, 1957b, p. 1320-
1821), the Dragoon quadrangle (Cooper and Silver,
1964), and elsewhere. In the Klondyke quadrangle,
the bulk of the rocks assigned to the Pinal are weakly
metamorphosed graywackes, shales, and volcanic rocks
or their hornfels equivalents; however, quartz-musco-
vite or quartz-muscovite-chlorite schist makes up much
of the Pinal southeast of Buford Canyon.

The Pinal Schist crops out in five principal areas:
(1) along the southwest flank of the Santa Teresa
Mountains between Waterfall Canyon and the east
edge of the quadrangle, the largest and best exposed
body of the Pinal, (2) at the Dogwater mine and along
Laurel Canyon north of the Grand Reef mine, (3)
from the northeast flank of Imperial Mountain north-
westward to beyond Aravaipa, (4) from Copper Can-
yon northward to beyond Landsman Camp, and (5) at
and near Cobre Grande Mountain. A very small area
of rocks in the Copper Creek region is tentatively
correlated with the Pinal. A total of about 8.5 square
miles, or about 3.5 percent of the quadrangle, is under-
lain by Pinal Schist.

The metasedimentary rocks of the formation are in
general only moderately resistant to erosion, as they
tend to break down easily to small chips and flakes
and consequently erode to gentle slopes and rounded
summits. Some of the schist terrane southeast of
Buford Canyon, however, is moderately rugged, and
the two large quartzite layers near Buford Canyon
hold up steep-sided ridges that are visible for miles.
The metavolcanic rocks and hornfels that make up
much of the formation in the Imperial Mountain and
Landsman Camp areas are so closely jointed that they
break down very readily and erode to gentle slopes,
except where protected by overlying resistant Bolsa
Quartzite; outcrops of these rocks are everywhere
poor, as they tend to be covered by their own blocky
weathered debris. The rocks of Cobre Grande Moun-
tain are moderately schistose, but apparently are some-
what indurated as a result of intrusion by Laurel

Canyon Granodiorite and Santa Teresa Granite, and
are obviously more resistant to erosion than might
otherwise be expected.

Neither the bottom nor the top of the Pinal is ex-
posed in the quadrangle, and no estimate of total
thickness can be made. In places the rocks are so
tightly folded that not even an estimate of thickness
within limited areas would be meaningful, and over
considerable areas the rocks are hornfels or metavol-
canics having no discernible bedding. In the Buford-
Waterfall Canyons region, both schistosity and bed-
ding invariably stand at high angles, and it seems
likely that the thickness is many thousands of feet.
In this area and in that adjoining it to the east in the
Jackson Mountain quadrangle, I believe that very
detailed mapping might reveal the stratigraphy of the
Pinal, so that a reasonably reliable measurement of
partial thickness could be made; however, no such
mapping was done during the fieldwork on which this
report is based.

The Pinal is intruded by Laurel Canyon Grano-
diorite, by Santa Teresa Granite, and probably by
Goodwin Canyon Quartz Monzonite, although mest
of the contacts with the quartz monzonite appear to
be faults. The Pinal is also cut by dikes and irregular
bodies of diabase and intruded by many silicic dikes.
It is overlain unconformably by Bolsa Quartzite,
Buford Canyon Formation, and older alluvium. Con-
tacts with all other formations are faults.

The Pinal Schist was deposited, subjected to at
least one orogeny, intruded by Laurel Canyon Grano-
diorite, and deeply eroded prior to the deposition of
Bolsa Quartzite of Middle Cambrian age. On geo-
logical evidence, therefore, it is much older than
Middle Cambrian, and presumably is of early
Precambrian age, possibly correlative with the
Vishnu Schist of the Grand Canyon and the Yavapai
Series of the Mazatzal Mountains, Bagdad, and
Jerome (Anderson and Creasey, 1958, p. 44-45).

LITHOLOGY

Very little time was spent on the Pinal Schist during
fieldwork, and no systematic study of lithology or
structure was made. In view of this lack of detailed
information and of the lithologic diversity of the for-
mation, description of the rocks will be limited to that
of only a few rock types.

The Pinal of the Waterfall Canyon-Buford Canyon
area consists principally of somewhat schistose felds-
pathic graywacke, quartz-muscovite-chlorite schist,
and quartzite grit or conglomerate. Immediately
southeast of Buford Canyon, the rock is mainly









PRECAMBRIAN ROCKS 13

0.01-0.02 mm across. Quartz also forms sparse eyes
and lenses of coarser grain size. Iron ore and a little
chlorite are accessories. The abundance of quartz, the
lack of relict phenocrysts, and the fine grain size indi-
cate that the rock is probably a metamorphosed shale
or siltstone.

The only possible occurrence of Pinal Schist in the
Copper Creek region is just west of the old Tew
Ranch at the middle of the line between secs. 1 and
12, T. 8 S, R. 18 E. An area about 900 feet long and
300 feet wide is underlain by fine-grained cream-
colored, gray, white, or pink thin-bedded siltstone
that at one place strikes N. 40°-70° E. and dips 85°-
40° NW. These rocks are cut by a dike 4 feet wide of
grayish-green nondescript rock, perhaps diabase, hav-
ing small phenocrysts of altered feldspar. At one
place just north of Copper Creek, the rocks have a
rude cleavage, but elsewhere they seem to be almost
unmetamorphosed. The beds were checked for car-
bonate with dilute hydrochloric acid at several places,
but none was found. Assignment to the Pinal is made
solely on the basis of the presence of cleavage, inas-
much as in the Klondyke quadrangle no sedimentary
or voleanic rocks of other than Precambrian age show
any trace of cleavage. The beds conceivably could
belong to the Martin Formation, although they do not
resemble closely the rocks half a mile northwest that
are assigned with greater confidence to the Martin,
but it seems most unlikely that they could belong to
any of the other rock units of the region.

LAUREL CANYON GRANODIORITE

A coarse-grained porphyritic biotite granodiorite
unlike any other rock in the quadrangle crops out
from a point half a mile north of the Grand Reef
mine to a mile northeast of Landsman Camp. This
rock is here named Laurel Canyon Granodiorite, for
the good exposures along Laurel Canyon at the south
end of the outcrop area. An outlier half a mile long
and several smaller ones are engulfed in Santa Teresa
Granite in the NE14 T. 6 S, R. 20 E.; and two small
areas of granitoid gneiss along the east edge of the
quadrangle in secs. 13 (unsurveyed) and 24, T. 7 S,,
R. 20 E., are correlated with the Laurel Canyon on
the basis of lithology. About 10 square miles, or 4
percent of the quadrangle, is underlain by Laurel
Canyon Granodiorite.

The granodiorite is only moderately resistant to
erosion, and its outcrop area coincides roughly with
the area of subdued relief, shown clearly on the topo-
graphic map, east and southeast of Imperial Moun-
tain. In a few places, such as near and east of the
Tenstrike mine where the granodiorite is cut by

closely spaced dikes, in Laurel Canyon where the
upper wall on the southeast side is in Santa Teresa
Granite, and at the head of Tule Canyon where the
granodiorite is protected by resistant quartzite and
limestone, slopes are steep, but nowhere is the terrain
rugged. Outcrops are only fair except along the prin-
cipal stream courses, where they may be good.

The Laurel Canyon Granodiorite intrudes Pinal
Schist, is overlain unconformably by Bolsa Quartzite
and older alluvium, and is intruded by diabase and
Santa Teresa Granite; contacts with all other forma-
tions—Horse Mountain Volcanics and pre-Cretaceous
sedimentary rocks other than Bolsa Quartzite—are
faults. The contact with Pinal Schist is seldom well
exposed, but its intrusive character is established by
limited exposures of the contact in upper Tule Canyon
and by the presence of xenoliths of Pinal in the grano-
diorite. North of the Grand Reef mine, the nature
of the contact is obscured by many silicic dikes, but
seems to be intrusive, the schistosity of the Pinal
persisting to within 10 feet or less of the contact.
Evidence bearing on the time of emplacement of the
granodiorite with respect to that of metamorphism of
the Pinal is not conclusive. In several places the
granodiorite transects the schistosity of the Pinal,
whereas elsewhere, particularly in upper Tule Canyon,
the granodiorite and its red-rock facies are metamor-
phosed to the same degree as the Pinal and locally are
so schistose as to be practically indistinguishable from
it. The granodiorite may have been emplaced near the
end of the orogenic period during which the schistosity
of the Pinal was developed, so that only locally did it
undergo comparable deformation.

The unconformity at the base of the Bolsa Quartzite
is well exposed on the southeast side of a hill near
the south edge of sec. 32, T. 5 S., R. 20 E.

The intrusive character of the contact with Santa
Teresa Granite is indicated by the irregular trace of
the contact, by a few granite dikes that cut Laurel
Canyon Granodiorite near the contact, and by the
previously noted blocks of granodiorite engulfed in
granite.

Pebbles of red granitoid rock are abundant in the
basal conglomerate of the Horse Mountain Volcanics,
and presumably were derived from the red facies of
the Laurel Canyon Granodiorite.

The Laurel Canyon is known on geological evidence
to be older than the Bolsa Quartzite of Middle Cam-
brian age. Inasmuch as a long period of erosion must
have intervened between emplacement of the grano-
diorite and deposition of the Bolsa, it seems likely
that the granodiorite is of Precambrian age. The
granodiorite intrudes Pinal Schist of early Precam-
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brian age, and locally is metamorphosed to the same
degree as the Pinal. The granodiorite is intruded in
turn by dikes and small irregular bodies of diabase
that appear to be restricted to the Precambrian rocks
at Klondyke and are known elsewhere in southeastern
Arizona to be of late Precambrian (post-Apache
Group) age. In summary, the Laurel Canyon Grano-
diorite is younger than the Pinal Schist, probably is
older than the Apache Group, and presumably is of
early Precambrian age, although admittedly there is
little evidence by which to date it more closely than
simply Precambrian.

LITHOLOGY

The Laurel Canyon Granodiorite varies consider-
ably in appearance from place to place, but most
commonly it is a gray or pinkish-gray porphyritic
rock characterized by large phenocrysts of pink potas-
sium feldspar. Modes of six rocks, made with a point
counter, appear in table 1; the first three modes are
granodiorites, the next two quartz diorites, and the
last is a peculiar variant perhaps best named biotite
anorthosite.

A chemical analysis and norm of the rock of column
1 follow, together with the chemical composition and
norm of Nockolds’ (1954) biotite adamellite for com-
parison; in this and succeeding norms, the normative
minerals wollastonite, enstatite, and ferrosilite, are
used instead of diopside, wollastonite, and hypers-

QUADRANGLE, ARIZONA

TaBLE 1.—Modes of Laurel Canyon Granodiorite

Mineral 1 2 3 4 5 6

1. Granodiorite, Laurel Canyon, SW4 sec. 21, T. 6 S., R. 20 E. Chemical analysis
and norm appear on p. 15.

3 Granodioriis, SWHi see. 1 . 0 8. . 20 - Tiear contact with Santa Teresa
Gianggam diorite, Black Rock Canyon, NW14 sec. 10, T. 6 S., R. 20 E..

. Hotte shorthostter conter ses. 0, T 6 8. 20 F.
thene. A semiquantitative spectrographic analysis of
the same rock appears in table 2, column 1.

Except for having a somewhat lower ratio of KZO
to NagO, the Laurel Canyon rock is very similar
chemically and normatively to Nockolds’ biotite
adamellite; however, in no measured mode does potas-
sium feldspar make up more than 40 percent of the
total feldspar, so that, following Nockolds’ classifica-
tion, the rock would be termed granodiorite.

In the freshest rocks the texture is hypidiomorphic
to allotriomorphic granular. In many rocks, however,
the original texture has been so changed as to be
unrecognizable.

The principal minerals are plagioclase feldspar,
orthoclase perthite, quartz, and usually biotite. Horn-
blende is a major constituent in a few places. Acces-

sory minerals include iron ore, sphene, apatite, epidote,

TaBLE 2.—Semiquantitative spectrographic analyses, in percent, of rocks from the Klondyke quadrangle, Arizona

[Symbols: d, barely detected and concentration uncertain. Also looked for but not found in any sample: Ag, As, Au, Bi
, Tm, U, W, Zn, Not looked for in any sample except No. 2 Ca, Fe, K, M

O,Pd,Pr Pt, Re, Rh, Ru, Sb, Sm, Ta, Tb, Te, T'

Cd Dy, Er, Eu, Gd, Ge, Hf, Hg, Ho, In, Ir, Li,
Mn, Na, P, 8i, ’I‘i Not

looked for in any sample: Cs, Rb. Analysts Sampies 1—7 9—11 Naney M. Conk]m, U.8. Geol. Survey; sample 8, Paul R Barnett U.s. Geol Survey Laboratory

number in parentheses|

. 1 12 3 4 5 6 7 8 9 10 11
Chemical element
(F2673) (280594) (F2676) (F2675) (F2674) (F2681) (F2682) (G2965) (¥F2680) (F2679) (F2678)
0 0 0 0 0 0 0 [UR70) 1T O RO FSUPU
.07 .015 .03 .07 . 015 .15 .07 .07 0.03 0.03 0.07
. 0003 . 00015 0003 . 0003 0 . 00015 . 003 . 00 0003 0
0 0 0 0 d d 015 d d 0
. 0007 0 . 0015 0 . 003 . 003 . 00015 0 0 . 003
. 0015 . 0015 00015 . 003 0 . 00015 . 003 . 00015 . 0003 0 . 003
. 0015 . 0007 . 00007 . 015 . 0015 . 007 .03 . 007 . 0003 0003 . 007
. 0007 . 003 . 0015 . 0015 . 0015 . 0015 . 0015 . 0015 . 0015 0015 . 0015
003 0 . 007 0 0 . 007 . 007 . 007 . 007 007 . 003
0 0 0 . 0003 0
0015 . 003 . 003 0 . 003 . 0015 . 0015 . 0015 003 . 003 . 0015
0 0 0 0 . 015 . 007 d . 015 0
. 0015 0 . 003 0 . 0015 007 0 0 . 003
. 003 . 0015 . 0015 d . 007 . 0015 . 003 . 003 . 0015 0
. 0007 d . 0007 . 0015 0 . 0015 . 0015 . 0007 . 0007 . 0007 . 003
0 0 0 0 0 0 . 0007 0 0 0
.03 .003 L0156 .15 . 003 .15 .15 .03 . 007 . 0015 .15
. 007 . 015 . 0015 . 015 0 .03 .03 . 0015 . 0015 0 .07
003 0 . 003 . 0015 . 003 . 003 . 003 . 003 . 003 . 003 . 003
. 0003 0 . 0003 . 00015 . 0003 . 0003 . 0003 . 0003 . 0007 . 0003 . 0003
.015 .03 .03 .03 .015 .03 .03 .03 .03 .03 .015

1 Also determined: 0.07 Ca, 0.15 Fe, 3 K, 0.15 Mg, 0.03 Mn, 0.3 Na, 0 P, and 0.7 Ti.

1. Laurel Canyon Granodiorite; SW14 sec. 21, T.6 8., R. 20 E.
6 g %ontaminated granite facies of Laurel Canyon Gmnodlorite W1 sec. 21, T.
3.  Biotite quartz latite vitrophyre of the Horse Mountain Volcanics; center sec.
18, T. 6 8., R. 20 E.
4. Copper Creek Granodiorite; NE% sec. 10, T.8S., R. 18 E.
5. Santa Teresa Granite; N W% sec. 33, T. 6 8., R. 20 E
. g i&{ndesite, lower andesite unit of the Gahuro Volcanics, west edge sec. 13, T.

7. Porphyritic (“turkey—track”) andesite, top of lower andesite unit of Galiuro
Volcanics; N14 sec. 27, T. 7 S., R. 18 E.

8. Welded blOtlte quartz latite tuff, lower welded tuff unit of the Galiuro Vol-
canics; center N4 see. 27, T. 7. S, R. BE

9. Welded rhyolite tuﬁ upper welded ‘tuff unit of the Galiuro Voleanics: NE
sec. 35, T.6 8., R. 18 E.

10. Rhyohte vitrophyre, rhyolite-obsidian unit of the Galiuro Voleanics; N W4
sec. 27, T. 5 8., R. 18 E.

11. Oliwne andeslte upper andesite unit of the Galiuro Volcanics; center east edge
sec. 36, T. 5 S., R, 18 B
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Chemical analyses, in percent, of Laurel Canyon Granodiorite and
average biotite adamellite

Bulk analysis Normative minerals
Constituent 1 2 Mineral 1 2

27.7

27.8

28.3

8.6

b

1.9

2.2

1.4

.8

.3

Total ... __.....
Powder density...

el TS e, St g .03, B0, Latrsry Yo

2. Biotite adamellite (Nockolds, 1954, table 2, col. 2).

a little zircon, and, locally, dark tourmaline. The
plagioclase is generally about oligoclase in composi-
tion and is slightly zoned. It commonly is sericitized
to varying degrees. Pale-red (10Z 6/2) orthoclase
perthite may form individual phenocrysts as much as
3 cm across, or narrow zones along quartz-plagioclase
or plagioclase-plagioclase contacts, or formless grains
interstitial to the other minerals. The orthoclase
phenocrysts contain many tiny inclusions; under the
oil immersion lens these inclusions appear to be some
form of iron oxide that presumably has exsolved to
produce the characteristic pink color of the mineral.
Quartz occurs as discrete large shapeless grains, as
graphic intergrowths with orthoclase, and as small
grains along borders of other minerals. Biotite is a
dark-brown variety that may be fresh or may show
ragged outlines and partial alteration to aggregates
of biotite, apatite, sphene, iron ore, and pale-green
amphibole or chlorite. Hornblende is abundant in
only one specimen, in which it probably has replaced
biotite. The hornblende is a light-colored variety in
which pleochroism X = light yellow brown and
Z = pale green.

The abundant stringers of fine-grained granular
quartz that cut earlier minerals suggest that this rock
has undergone mild dynamic metamorphism of in-
tensity only sufficient to modify slightly the original
texture.

A dark-gray porphyritic variety from the center of
sec. 9, T. 6 S., R. 20 E., consists mainly of light-gray
plagioclase feldspar, in grains as much as 5 mm across,
and greenish-black biotite. The mode of this rock
appears in table 1, column 6. Microscopically the rock
has a hypidiomorphic granular and strongly cataclastic

texture. - Plagioclase is abont An;o and is slightly
sericitized. Crystals are bent or broken and are cut
by narrow mylonite seams. Biotite makes up an in-
terstitial aggregate with iron ore and some very pale
green amphibole, and has formed after the deforma-
tion of the plagioclase. Sparse potassium feldspar is
interstitial to plagioclase. This rock might be called
a biotite anorthosite.

The sizable lobe of Laurel Canyon Granodiorite in
secs. 28 and 29, T. 5, S., R. 20 E., consists in large part
of reddish porphyritic granitoid rock that appears to
be a local border facies of the Laurel Canyon Grano-
diorite. In places, the contact between red rock and
Pinal Schist is marked by a transition zone of schis-
tose red rock or, at one place in upper Tule Canyon,
by strongly sheared mixed rock in which contorted
lenses of schistose red rock are enclosed in schist, and
vice versa. It seems clear that at least some of the
schistosity of the Pinal must have been impressed
upon it after emplacement of the red rock, which
locally is as highly schistose as the Pinal.

In hand specimen, the red rock consists of milli-
meter-size grains of moderate- to pale-red feldspar
and sparse quartz phenocrysts, commonly having
square outlines. Microscopically, the feldspar is
granophyric orthoclase perthite in grains 0.5-2 mm
across; about 75-95 percent of the rock is granophyre.
The feldspar is so crowded with tiny reddish inclu-
sions as to be nearly opaque. Plagioclase feldspar is
scarce and is considerably sericitized; it is probably
in the compositional range Ang.o, but is so cloudy that
precise determination was not feasible. Quartz pheno-
crysts have undulatory extinction. A little sericite
and quartz are in narrow veinlets and along grain
boundaries.

Small amounts of red granitoid rock occur else-
where in the Laurel Canyon Granodiorite. A coarse-
grained porphyritic quartz diorite from the head of
Stowe Gulch in sec. 4, T. 6 S., R. 20 E., is composed
of centimeter-size grains of moderate-red feldspar,
somewhat smaller rounded grains of quartz, and bio-
tite. Microscopically, the rock has a hypidiomorphic
granular texture having most grains in the size range
of 1-5 mm. Red feldspars are orthoclase perthite and
albitic plagioclase, both so crowded with minute inclu-
sions of iron oxide that they appear pinkish in thin
section. Orthoclase feldspar also occurs interstitially
with quartz as granophyre. Green biotite is partly
altered to chlorite and epidote. Sphene is a sparse
accessory.

In most outcrops the granodiorite is a massive ap-
parently structureless rock. In places, however, the
rock is gneissic; in particular, sizable areas west-
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northwest and north of Black Rock Spring, in Stowe
Gulch north of Imperial Mountain, and southeast of
Buford Canyon, are underlain by strongly gneissic
Laurel Canyon Granodiorite. The gneissosity gen-
erally strikes between N. 30° E. and N. 60° E. and
dips 80°-90° S., about parallel to the schistosity of
the Pinal Schist.

In a few places the granodiorite is slightly schistose,
the schistosity being imparted mainly by closely spaced
fractures along which variable amounts of mica have
formed. The most schistose rock is that in the hang-
ing wall of a quartzite unit of the Pinal Schist south-
east of Buford Canyon. The rock is a light-colored
coarse-grained aggregate of quartz, pink potassium
feldspar, white plagioclase feldspar, and biotite, cut
by closely spaced rudely parallel fractures along which
considerable fine-grained green mica has formed. No
recrystallization other than of mica seems to have
taken place although the feldspar grains have been
broken or even granulated. Similar rock crops out at
several places in the area of low relief north of Black
Rock Spring; it is characterized by large quartz augen
and abundant greenish mica along surfaces of shear
planes. In other places, schistosity is less marked and
the original rock is modified only by pervasive shear-
ing and little or no development of mica. The locally
schistose nature of the red-rock facies of the grano-
diorite was mentioned earlier.

Inclusions seem to be scarce, but rounded masses of
equigranular dark rock (autoliths?) as much as 2 feet
across are common in the granodiorite in the Wis,
sec. 16, T. 6 S., R. 20 E., and schlieren of the same
rock type, striking N. 80° E. and dipping 65° N.,
occur in the north half of the same section. Xenoliths
of Pinal Schist were seen near the Laurel Canyon-
Pinal contact north of the Grand Reef mine, and an
inclusion of the same formation 50 feet long and 20
feet wide is exposed in Cottonwood Canyon in the
SE. cor. sec. 833, T. 5 S., R. 20 E.

Only one dike that may be of Laurel Canyon Grano-
diorite was recognized, although others may have been
overlooked. A dike of pale-red coarsely porphyritic
granodiorite cuts Laurel Canyon Granodiorite near
the line between secs. 8 and 9, T. 6 S., R. 20 E. The
rock has a hypidiomorphic and strongly cataclastic
texture and is made up principally of strongly sericit-
ized bent and broken grains of sodic plagioclase and
rounded grains of quartz with undulatory extinction.
Plagioclase is cut by narrow streaks of quartz-feldspar
mylonite. Potassium feldspar is restricted to grain
boundaries of other minerals and probably constitutes
less than 10 percent of the rock. Accessory minerals

are apatite, carbonate in veinlets, blackish-green tour-
maline, and epidote that replaces plagioclase.

In the area around Black Rock Spring, the grano-
diorite contains aggregates of tourmaline and quartz
that may compose as much as 80 percent of the rock.
Disseminated tourmaline is not common elsewhere.

Silicified and tourmalinized breccia zones cut the
granodiorite in a number of places in the SW1j sec.
15, T. 6 S., R. 20 E. These rocks have a black matrix
in which are scattered irregular patches of quartz and
fragments of wallrock. The dark matrix consists of
quartz and thickly disseminated euhedral grains of
tourmaline ranging in size from dust to prisms 0.5
mm long. The tourmaline is pleochroic, O = grayish
blue, deep greenish blue, or nearly black, and E =
pale yellow brown to nearly colorless. The refractive
index O is about 1.675, which indicates pure schorlite
(Winchell and Winchell, 1951, p. 466). Strongly
pleochroic epidote is associated with the tourmaline.

Alteration features along the contact with Santa
Teresa Granite will be described in the section on that
granite (p. 65-66).

Two small bosses of a rather peculiar siliceous
granite crop out within the Laurel Canyon Grano-
diorite in the W14 sec. 21, T. 6 S., R. 20 E. The rock
does not resemble either the Laurel Canyon or the
Santa Teresa Granite, but appears on the geologic
map as part of the Laurel Canyon. The rock is a
light-gray medium-grained granite that weathers to
conspicuous rusty outcrops. It is composed of an
allotriomorphic-granular aggregate of rounded con-
spicuous quartz grains 1-5 mm across, similar-sized
subhedral crystals of gray perthitic potassium feld-
spar, and subordinate cream-colored interstitial ma-
terial that may be plagioclase feldspar. In a thin
section of a specimen from the smaller boss, most of
the feldspar is orthoclase-oligoclase microperthite; in
addition, a few millimeter-size grains of plagioclase
are scattered through the rock, mostly as inclusions in
perthite. Accessory minerals are sparse very pale
brown phlogopite, colorless garnet, yellow-brown
rutile, and a little andalusite(?).

The north contact of the larger boss dips 60° N. and
is marked by several feet of fine-grained medium-gray
pyritic selvage. Along the south contact is a narrow
zone of abundant specularite veinlets which at one
place has been prospected by a shallow pit. Near the
middle of the north contact the boss is cut by veinlike
streaks and irregular small radiating sheafs of blue
to colorless corundum enclosing numerous small equant
grains of dark-brown rutile. Microscopically, the
granite in this area has an allotriomorphic-granular
texture, and consists of irregular grains of quartz and
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The Pinal Schist south of Landsman Camp contains
considerable diabase in masses too small and too poorly
exposed to map. The typical diabase of this area is a
dark greenish-gray coarse-textured and thoroughly
altered rock. Plagioclase feldspar has been converted
to a nearly opaque aggregate of sericite and zoisite;
and pyroxene, if originally present at all, is now rep-
resented by fine-grained aggregates of pale-green horn-
blende. Cores of feldspar grains are completely al-
tered, but the few rims preserved are about Ang in
composition.

In general, the diabase bodies have caused little or
no alteration in their wall rocks. However, schistosity
of the Pinal overlying the diabase sheet(?) in sec. 3
has been destroyed for 10-20 feet above the contact,
and appreciable amounts of epidote and chlorite have
formed in the lowermost few feet of Pinal.

PALEOZOIC ROCKS

Rocks of Paleozoic age exposed in the Klondyke
quadrangle include, from oldest to youngest, the Bolsa
Quartzite (Middle Cambrian), Martin Formation
(Upper Devonian), Escabrosa Limestone (Mississip-
pian), and Horquilla Limestone (Pennsylvanian).
The total outcrop area of Paleozoic rocks is about 4.6
square miles, or about 1.8 percent of the quadrangle.
The aggregate maximum thickness of measured sec-
tions is about 1,300 feet, but the top of the Horquilla
Limestone is everywhere an unconformity so that the
original thickness of the Horquilla is unknown. The
Paleozoic section therefore is thinner than in the Ray-
Miami region to the northwest (Ransome, 1916, pl. 25;
1919, pl. 13) and in the Santa Catalina Mountains to
the southwest (Stoyanow, 1936), and is much thinner
than in the Little Dragoon Mountains to the south
(Cooper and Silver, 1964) and in the Dos Cabezas
Mountains to the southeast (Sabins, 1957b, table 1).
On the other hand, it is somewhat thicker than the
section at Clifton-Morenci, 50 miles east (Lindgren,
1905a, p. 58-59).

Ross (1925a) recognized a quartzite of Cambrian
age which he correlated hesitantly with the Troy
Quartzite of the Apache group (the Troy Quartzite is
now separated from the Apache Group and both are
considered to be of late Precambrian age), Martin
Limestone, and Tornado Limestone (now abandoned
and rocks formerly assigned to it are subdivided into
the Escabrosa Limestone and Horquilla Limestone).

Darton (1925, p. 263) noted “Bolsa quartzite, Abrigo
limestone, Martin and Tornado limestone, and various
crystalline rocks” in the Turnbull Mountains and in
the region about Stanley and Aravaipa; the Abrigo
was not recognized either by Ross or by me. Darton

(1925, p. 29, 272273, fig. 86c) believed the sedimen-
tary rocks, principally quartzite, in the Copper Creek
area to belong to the Apache Group. The age of the
quartzite is indeterminate, but I believe the other
sedimentary rocks of the region to be rather of Devo-
nian, Mississippian, and Cretaceous(?) ages.

CAMBRIAN SYSTEM
BOLSA QUARTZITE

The name Bolsa Quartzite was given by Ransome
(1904b, p. 28) to the basal quartzite of the Cambrian
in the Bisbee region. It since has been extended to
correlative rocks of central Cochise County (Gilluly,
1956, p. 14-15), the eastern Dos Cabezas and Chirica-
hua Mountains (Sabins, 1957a, p. 469-472), and the
Little Dragoon Mountains, Johnny Lyon Hills, and
Winchester Mountains (Cooper and Silver, 1964).

Farther north, the basal quartzites of Paleozoic age
have received several names, and several tentative
correlations have been proposed.

At Clifton-Morenci, 55 miles east-northeast of Klon-
dyke, the basal quartzite of the Paleozoic section was
named Coronado Quartzite by Lindgren (1950a, p.
59), who mentioned (p. 62) the “* * * Bishee equiva-
lent Mr. Ransome refers to as the Bolsa gquartzite * * *.”
Such a correlation was suggested tentatively by Dar-
ton (1925, p. 45) and accepted for the most part by
Stoyanow (1936, p. 478-479) and Lochman-Balk
(1956, p. 544).

On Tornado Peak in the Christmas region, 25 miles
northwest of Klondyke (Peterson and Swanson, 1956,
p- 858), in the Globe quadrangle (Peterson, 1954),
and in the Castle Dome area (Peterson and others,
1951, p. 16-17), the basal quartzite of the Paleozoic
has been referred to as Troy Quartzite.

The Troy Quartzite was named by Ransome in his
report on the Ray and Miami districts (Ransome,
1919, p. 44) and was considered by him to be the
uppermost formation of the Apache Group, which he
believed to be of Cambrian, and possibly also Ordo-
vician and Silurian, age. Darton (1925, p. 32, 36-37)
believed that (1) the Troy was in part of Cambrian
age; (2) it “* * * in most places includes in its upper
part or is overlain by a much younger sandstone,
doubtless equivalent to * * * the Bolsa-Abrigo beds”;
and (3) “* * * near the east end of the Mescal Moun-
tains, its upper part overlaps the edge of the Dripping
Spring quartzite and becomes the basal formation of
the sedimentary series, corresponding to the Bolsa
quartzite of the region not far southeast * * *.”

At present, Ransome’s original Apache Group, as
well as some but not all of his Troy Quartzite, are
considered to be of late Precambrian age, and some
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of his Troy Quartzite is known to be of Cambrian age.
(See for instance, Stoyanow, 1936, p. 472476 and
table 1; Shride, 1961.)

The Bolsa Quartzite crops out in seven principal
areas, and in addition several small outcrops of quart-
ite also are referred to the Bolsa. The principal areas
are the top of the ridge east of Aravaipa, the north-
east flank of Imperial Mountain, the southeast side
of the hill east of Tule Spring, the ridge between
Tule and Copper Canyons, the ridge 2,000 feet north-
west of Landsman Camp, the divide between Tule
Canyon and the Middle Fork of Goodwin Canyon,
and the W14 sec. 16, T. 5 S., R. 20 E. A small body
of quartzite correlated with the Bolsa lies on the north-
west side of Quartz Hill in the Buford Canyon area,
and a few small outcrops of quartzite in the Copper
Creek drainage are tentatively correlated with the
Bolsa. The total outcrop area of the formation is
about 1.3 square miles, or only about 0.5 percent of
the quadrangle.

The Bolsa is very resistant to erosion and typically
forms steep cliffy slopes that rise abruptly above the
much more easily eroded Precambrian rocks on which
the formation rests. Although the base of the Bolsa
tends to be covered by blocky quartzite debris, it
nevertheless is sufficiently well exposed in several
places to leave no doubt about the nature of the basal
contact.

Complete sections of Bolsa Quartzite are exposed
on the northeast flank of Imperial Mountain, where a
thickness of 287 feet was measured; in the lower part
of Copper Canyon, where the thickness is estimated
to be about 400 feet; and on the ridge northwest of
Landsman Camp, where the thickness is estimated to
be about 350 feet. The section northwest of Cobre
Grande Mountain appears to be considerably thicker,
but the rocks here are folded and may be repeated by
strike faults, although none was recognized in the
southeastern part of the outcrop; hence no estimate of
thickness would be meaningful.

The Bolsa rests unconformably on the Pinal Schist
and Laurel Canyon Granodiorite, both of Precam-
brian age. It is overlain disconformably by the Mar-
tin Formation and is overlain unconformably by
Galiuro Volcanics and Horse Mountain Voleanics. In
sec. 16, T. 5 S., R. 20 E., it is intruded by Goodwin
Canyon Quartz Monzonite. Contacts with other for-
mations are faults.

The small and disconnected outcrops of the base of
the Bolsa do not permit much generalization about
the nature of the surface on which the formation was
deposited, but the absence of granodiorite pebbles in

the basal conglomerate, even where the Bolsa rests
directly on granodiorite, suggests that the surficial
rocks were weathered so much that only the most re-
sistant rocks—quartzite and quartz—have survived as
pebbles. A similar inference was drawn by Lindgren
(1905a, p. 61) with respect to the surface on which
the presumably correlative Coronado Quartzite was
deposited at Clifton-Morenci.

LITHOLOGY

The Bolsa Quartzite consists dominantly of clean,
light-colored massive crossbedded quartzite and
quartzite grit, overlying a basal quartzite conglomerate
of variable thickness. Brown or maroon quartzite
and purple micaceous sandstone are found locally.
The upper part of the formation on Imperial Moun-
tain has some beds of purplish feldspathic quartzite,
as do the outcrops in the Middle Fork of Goodwin
Canyon and near the junction of the Landsman Camp
and Tule Spring roads, but most of the formation is
clean orthoquartzite. In a general way, the lower part
of the formation is more pebbly than the upper. Beds
range from a fraction of an inch to several tens of
feet in thickness, and average perhaps several feet
thick. Bedding is recognizable in most places, but
locally, such as in much of the upper part of the sec-
tion northwest of Cobre Grande Mountain, it is either
indistinct or completely lacking. On Imperial Moun-
tain, bedding in places is accentuated by thin partings
of purple micaceous quartzite. The Bolsa weathers
to a brownish or rusty color, which together with the
rough blocky outecrops is distinetive.

A thin section of finely layered light-gray and pale
reddish-brown quartzite from northwest of Cobre
Grande Mountain (unit 5, p. 22) shows the rock to be
a well-sorted orthoquartzite composed of subrounded
to subangular grains of quartz 0.15-0.2 mm in diam-
eter. A few grains are nearly a millimeter across.
The very sparse cement, less than 5 percent of the
rock, is muscovite. Quartz grains may be interlocked
or have slightly sutured contacts, but the degree of
recrystallization is slight.

The base of the Bolsa is well exposed at several
places. On the southeast side of the hill east of Tule
Spring (SE14,SW1/ sec. 32, T. 5 S., R. 20 E.), a basal
pebble conglomerate 20 feet thick rests on Laurel
Canyon Granodiorite. Most of the pebbles are 1-2
inches in diameter, but a few cobbles attain a size of
6 inches. They are rounded to subangular and are of
white quartz and red, violet, or gray quartzite, set in a
coarse sandy matrix.
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Near the mouth of Copper Canyon, about 2,000 feet
northwest of the preceding locality, the base of the
Bolsa consists of pebbly quartzite rather than con-
glomerate. The contact here is somewhat faulted but
appears to be essentially depositional. North of Cop-
per Canyon, the basal conglomeratic quartzite of the
Bolsa is about 65 feet thick and consists of rounded
to subrounded pebbles 1-2 inches in diameter em-
bedded in a matrix of brownish-green coarse-grained
quartzite. A few cobbles are as large as 6 inches
across. From 30 to 50 percent of this basal section is
made up of pebbles, of which about half are quartz
and half are quartzite.

Northwest of Cobre Grande Mountain at the head
of Tule Canyon, the Bolsa rests on a somewhat ir-
regular surface carved on the red granophyre facies
of the Laurel Canyon Granodiorite. The basal beds
are conglomerate, conglomeratic quartzite, and mica-
ceous sandstone, ranging in aggregate thickness from
a few feet to perhaps 80 feet. At one place near the
southeast end of the outcrop, the base is a coarse-
grained conglomerate containing boulders as much as
18 inches across, overlain by purple to white cross-
bedded coarse grit containing quartz pebbles.

On the north side of the hill half a mile southeast
of Aravaipa, the basal conglomerate of the Bolsa is
about 9 feet thick and consists of subrounded to sub-
angular pebbles as much as 3 inches across of quartz-
ite and quartz set in a matrix of quartzite grit.

The quartz pebbles of the basal conglomerate of the
Bolsa presumably were derived from quartz lenses and
pods in the Pinal Schist, but the source of some of
the quartzite pebbles is less certain; the only quartzite
in the Pinal of the Klondyke region is dominantly
white, although it does contain a little darker colored
quartzite similar to that making up many pebbles of
the conglomerate.

The only possible occurrences of Bolsa Quartzite in
the Copper Creek area are in secs. 1 and 12, T. 8 S,,
and sec. 34, T. 7 S., both R. 18 E. Along the south
edge of the quadrangle in sec. 1 are several oytcrops of
hard coarse-grained orthoquartzite intruded by Copper
Creek Granodiorite and overlain unconformably by
the lower andesite unit of the Galiuro Volcanics. The
quartzite is at least 200 feet thick and the base, if ex-
posed, lies outside the Klondyke quadrangle. The
lower part of the section consists of gray gritty quartz-
ite in beds 1-8 feet thick having sparse dark-gray
shaly partings. The beds weather to a rusty brown
color. White, pink, and light-gray quartzite make up
the rest of the section.

In the center of sec. 1, several xenoliths of quartzite

are enclosed in Copper Creek Granodiorite. These
xenoliths are of light-gray to white massive vitreous
orthoquartzite having ferruginous cement; the rock
weathers to rusty-red. The largest and most northerly
xenolith is several hundred feet long and consists of
a lower 25 feet of gray thick-bedded massive quartzite,
a middle 40 feet of dark crossbedded and wavy-bedded
quartzite, and an upper 10 feet of white to light-gray
thin-bedded quartzite. Bedding strikes N. 10° E. and
dips 20°-25° W. The xenolith some 600 feet farther
south is 150 feet long and 10-15 feet thick and consists
of dark-colored vitreous quartzite striking N. 35° E.
and dipping 85° NW. A small patch of coarse-grained
quartzite underlies the Martin Formation in the W14
sec. 1. This quartzite may belong to either the Bolsa
or the Martin, but because of its small outcrop area,
it is grouped with the Martin on the geologic map.

A thin slice of gray coarse-grained vitreous quartz-
ite, pebble quartzite, and quartzite breccia lies along
the north side of an east-striking fault zone in the
W1 see. 34, T. 7 S, R. 18 E. The slice is as much as
150 feet wide and is 800-900 feet long. Bedding is
too obscure for measurement in most places; in the
saddle near the west end of the outcrop, pebbly quartz-
ite strikes N. 60°-70° W. and dips 50°-55° S., and
elsewhere bedding seems to dip steeply south. Along
the south side of the quartzite and extending beyond
it to the east and west is a black-stained silicified fault
breccia. Westward from the end of the quartzite sliver
the fault may be nearly along an intrusive contact
between Copper Creek Granodiorite and Glory Hole
Volcanics. A second very small mass of quartzite crops
out in the canyon 500 feet north of the main lens.

Field relations in the Klondyke quadrangle give no
clue to the source of the quartzite lens. It crops out
more than 500 feet above the lowest outcrops of Glory
Hole Volcanics in Dry Camp Canyon, and some 2 miles
from the nearest outcrop of even remotely similar rock
of known stratigraphic position. The small outcrop
north of the lens seems to be overlain by Glory Hole
Volcanics, but exposures are inadequate to prove the
depositional nature of the contact. Perhaps mapping
now in progress in the Holy Joe Peak quadrangle to
the west will furnish some evidence regarding the
source of the quartzite. On the admittedly very tenu-
ous basis of lithology, the quartzite is assigned to the
Bolsa, but it conceivably could be part of the Creta-
ceous Pinkard(?) Formation.

The following measured sections of the Bolsa Quart-
zite illustrate the lithology of the formation; the
first is a complete section, and the second is believed
to be nearly complete.
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Section of Bolsa Quartzite on the northeast side of Imperial Moun-
tain, NE'4 sec.6, T.6 8., R. 20 E.
Escabrosa Limestone:

Limestone, light-gray, without chert. 30 ft thick, top is
erosion surface. At base, few feet of marl, possibly of
Martin Formation.

Disconformable contact.
Bolsa Quartzite:

1. Quartzite, brown, brownish-green, or brownigh-
gray; rusty bed at top. Some chlorite(?) in

Thickness
(feet)

matriX_ .. 3
2. Quartzite, brown; mostly thick bedded, but a few
thinbeds- .. ______ 5
3. Quartzite, light-gray, light-brown, eream-colored,
or white, thick-bedded_____________________ 614
4. Quartzite, purple, feldspathic, matrix rather
rusty . o ____. 4
5. Quartzite grit, dark-weathering; cavernous sur-
face. Grains as much as 3-4 mm in diameter.. 5
6. Quartzite, massive, crossbedded; weathers brown
to purple, becoming darker toward top. Few
thin beds, some as much as 12-18 in. thick.__. 1013
7. Quartzite grit, light greenish-gray_____________ 1%
8. Sameasunit 6. ___________________________ 11
9. Covered . . 9
10. Quartzite, white to pale-violet or light-brown._.. 8
11. Covered; probably a rusty-weathering grit, not
very quartzitic . __ . ___________________ 5
12. Quartzite, light-gray to light-purple, crossbedded,
massive, cliff-forming______________________ 1734
13. Covered_ oo .. 33
14. Quartzite, light-buff; a few dark-brown coarse-
grained layers as much as 6 in. thick_________ 7
15. Quartzite, light-buff, cream-colored, or white;
crossbedded_ - . __ ________________________. 1214
16. Same as unit 15 but more massive; cliff-forming_ . 24
17. Quartzite, buff, pink, or cream-colored; cross-
bedded; conspicuous thin beds of brown
quartzite_..______________________ . 2014
18. Covered, probably quartzite. _________________ 1614
19. Dike(?), light grayish-green porphyritic rhyolite.. 1114
20. Quartzite, light- to pinkish-gray and purplish
cast; well-bedded-- .- ____________________ 1514
21, Covered oo 3
22. Pebble conglomerate___._____________________ 2
23. Dike(?), light-green to pink fine-grained porphy-
ritic rhyolite__ . ___ . ___________________ 10
24, Covered. oo 5%
25. Sandstone, interlayered pebble beds_ . _________ 10
26. Sandstone, dark-red and black cast. Cross-
bedded, conglomeratic, having most pebbles
less than 1 emacross_ - - _________________ 2
27. Quartzite, light pinkish-gray, pebbly__.________ 3%
28. Covered_ . ______ 43
29. Quartzite, pebbly__ . _______________________ 215
30. Covered._ - ___ .o ____ 814
31. Sandstone, purple.______________.____________ 2
32. Quartzite, pebbly___________________________ 6
3. Conglomerate; general dark-purple aspect; well-
bedded. Rounded to subangular pebbles of
white quartz and red quartzite in dark-purple
quartzite matrix. Most pebbles less than 1 in.
across, some as large as 3—4in_______________ 13-

Total Bolsa Quartzite_.__________________ 3085

Unconformity.
Pinal Schist:
Phyllitic schist, brown to grayish-green.

Section of Bolsa quartzite near the point common to secs. 20, 21,
28, and 29, T. § 8., R. 20 E., 1.2 miles northwest of Cobre
Grande Mountain

Laurel Canyon Granodiorite:

Red granophyre facies.

Fault contaect.

Bolsa Quartazite: T?ﬁ:i’;?f“
1. Quartzite, brown, poorly exposed._________.____ 18
2. Quartzite, white, massive, no bedding__________ 31
3. Covered; possible fault________________________ 20

4. Quartzite, white, massive, cliff-forming; little
indication of bedding_ ... ________________ 88

5. Quartzite, interbedded light-gray and pale
reddish-brown, finely layered, distinetive____ 10

6. Quartzite, white, clean, massive, cliff-forming.
Numerous very thin dark grit seams that reveal
bedding. Very few pink layers, no pebbles.__ 68

7. Quartzite, variegated white, cream-colored, buff,
and light-purple, crossbedded. Conspicuously
alternating dark and light layers. Beds in
lower part less than 1 ft thick; becomes lighter
colored and more thin-bedded toward top____ 21

8. Coarse grit, variegated purple, buff, and cream-
colored, rusty- or purple-weathering, well-
bedded, cliff-forming. Scattered fragments of
white, pink, and red quartz. Few pebble beds
with subrounded to angular pebbles of red
quartzite and white quartz as much as 3 in.
across. Toward top, becomes less pebbly, more
quartzitic, crossbedded, more purple..______ 68

9. Sandstone, grit, and siltstone, dark-purple, thin-
bedded, micaceous. Rather silty; may be tuf-
faceous. .. oL 8

10. Conglomerate, dark-purple. Rounded to sub-
angular pebbles of white quartz 1-2 in. in

diameter, in fine-grained purple matrix. Near
base, few cobbles as much as 5 in. across.._. 5
Total exposed Bolsa Quartzite______.___.___ 337
Unconformity.
Laurel Canyon Granodiorite:
Red granophyre facies; somewhat schistose, vertical

schistosity trends N. 30° E.
AGE

No fossils were found in the Bolsa Quartzite, and
consequently its correlation with the Bolsa of areas to
the south and southeast is made entirely on the basis
of lithology and stratigraphic position. The quartzite
rests unconformably on Pinal Schist and Laurel Can-
yon Granodiorite of Precambrian age and is overlain
by fossiliferous rocks of Devonian and Mississippian
age.

In 1963, after this report was completed, a field
conference was held with Medora Krieger of the U.S.
Geological Survey, who had been mapping in the Holy
Joe Peak quadrangle, which adjoins the Klondyke
quadrangle to the west. As a result of this conference,
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we agree that the Bolsa Quartzite as mapped in the
Klondyke quadrangle may include beds of late Pre-
cambrian age (Troy Quartzite) as well as beds of
Cambrian age.

DEVONIAN SYSTEM
MARTIN FORMATION

The Martin Limestone was named by Ransome after
Mount Martin in the Bisbee region (Ransome, 1904b,
p- 33). In a later study of Devonian and Mississip-
pian rocks of east-central Arizona, Huddle and Dob-
rovolny (1952) retained the name Martin for the
Devonian rocks but, in recognition of the large pro-
portion, 40-50 percent, of terrigenous material in these
rocks, they preferred to use the name Martin Forma-
tion. This name also was applied by Cooper (1957,
p- 580) to Devonian rocks near Johnson Camp, 50 miles
south of Klondyke. Sabins (1957a, p. 475-480), in his
study of the eastern part of the Dos Cabezas Moun-
tains and the northern part of the Chiricahua Moun-
tains, 70 miles southeast of Klondyke, proposed the
name Portal Formation for a sequence of shale and
limestone of Late Devonian age, lithologically rather
different from the Martin Limestone of the type lo-
cality ; he suggested that the Portal may be correlative
with the Morenci Shale (Lindgren, 1905a, p. 66-69),
which consists of a lower black fine-grained limestone
and an upper black shale unit.

In the Klondyke quadrangle, the Bolsa Quartzite
and Iscabrosa Limestone are separated by a sequence
of marl, limestone, shale, and sandstone, generally less
than 100 feet thick. No identifiable fossils were found
in these beds, so that their assignment to the Devonian
is based entirely on lithology, stratigraphic position,
and geology of other regions in southeastern Arizona
where paleontological data are available. On Pack-
wood Peak, 2 miles north of the Klondyke quadrangle,
Ross (1925a, p. 20-21) found about 100 feet of un-
fossiliferous black shale and black dense limestone
between quartzite of Cambrian age and Tornado Lime-
stone (Escabrosa and Horquilla Limestones of this
report). These beds appear to resemble the Morenci
Shale, but no lithologically similar beds were observed
farther south. In the discussion of Huddle and Dob-
rovolny, the measured section of the Martin Formation
nearest to Klondyke is about 30 miles to the northwest
on Tornado Peak, but the rocks at Klondyke are more
similar lithologically to the upper member of the for-
mation as described by them (Huddle and Dobrovolny,
1952, p. 75-76) than to the Morenci Shale, the Portal
Formation, or the type Martin Limestone; therefore
the name Martin Formation will be used in this report
to include all the sedimentary rocks lying between the

uppermost quartzite beds of the Bolsa Quartzite and
the basal massive gray limestone of the Escabrosa
Limestone.

The Martin Formation crops out or is inferred to be
present everywhere between the Bolsa Quartzite and
the Iiscabrosa Limestone. It is shown on the geologic
map to underlie about a dozen areas near and northeast
of Aravaipa, none of which is larger than 0.025 square
mile, and it also underlies a small area in the Copper
Creek basin. Other outcrops of Martin Formation,
such as at the Table Mountain mine and along certain
Bolsa-Escabrosa contaets, are too small to show on the
map. The total outcrop area of the Martin is only
about 0.2 square mile, or less than 0.1 percent of the
quadrangle.

The Martin Formation is the least resistant to ero-
sion of the Paleozoic rocks and seldom is well exposed
except along gullies where rapid erosion has stripped
it of debris from the overlying rocks. The best ex-
posures are along the west side of the hill southeast
of Aravaipa. Much of the Martin is covered by caliche
derived from the overlying Eseabrosa Limestone.

The Martin ranges in thickness from a few tens of
feet to about 150 feet; on the northeast side of Imperial
Mountain the Martin, if present, is only a few feet
thick. TInasmuch as the various sections cannot be
correlated closely from place to place, it is not possible
to say whether this considerable variation in thickness
is due to disconformity at the top, or at the base, or
at both. If the green fissile shale found in most of
the sections is everywhere at the same stratigraphic
position, then the upper contact must be disconform-
able, inasmuch as the thickness of the Martin between
the green shale and the base of the Escabrosa ranges
from 15 feet, or perhaps even less, to 125 feet. In view
of the lithologic variations of the Martin, however,
it seems rather unlikely that the green shale does in-
deed maintain a constant stratigraphic position.

LITHOLOGY

The Martin Formation ineludes rocks of diverse
lithology—limestone, dolomite, marl, shale, and sand-
stone—but for the most part consists of variegated
marl and limestone. Pink to red or maroon fine-
grained dolomite and limestone are characteristic of
the uppermost part of the formation, and variegated
marl and shale are characteristic of the lower part.

The most characteristic rock of the Martin is a
highly fissile green shale that rarely crops out, but
upon weathering yields abundant distinctive small
sharp-edged chips and flakes. This rock may consti-
tute practically the entire Martin Formation, as for
example on the ridge south of the Iron Cap mine, but
more commonly is subordinate to variegated marl and



24 GEOLOGY, KLONDYKE QUADRANGLE, ARIZONA

limestone. Similar shale was noted long ago by
Campbell (1904, p. 243) in Ash Creek Canyon north-
west of the Klondyke quadrangle, where it rests on
sandstone and conglomerate of Cambrian age and
underlies limestone of Carboniferous age; Campbell
considered the shale to be the uppermost rock of
Cambrian age. Ross (1925a, p. 18) reported banded
greenish-gray shale associated with quartzite of Cam-
brian age on a hill east of Aravaipa but believed it to
underlie the quartzite; such a relation was not ob-
served during this study, and it seems possible that
the rocks referred to belong to one of several small
bodies of the Martin Formation that are in fault con-
tact with Bolsa Quartzite. According to Huddle and
Dobrovolny (1952, p. 73, 75-76), green shale typically
is found in the upper part of their upper member of
the Martin Formation; the sections nearest to Klon-
dyke in which the shale is found are at Superior, 50
miles to the northwest, at Gold Gulch in the Castle
Dome region, about 13 miles north-northeast of Su-
perior, and probably at Tornado Peak, 30 miles to the
northwest. Ransome (1919, p. 45-46) noted 15-20
feet of yellow calcareous shale at the top of the Martin
Limestone in the Ray-Globe region.

In a gulch about half a mile south-southeast of Ara-
vaipa, limestone of the Martin is partly dolomitized.
The dolomite weathers to a faint green, yellow, or cream
that contrasts markedly with the light-gray of the lime-
stone. Dolomite-limestone contacts are very sharp, and
the dolomite is slightly brecciated, presumably as a re-
sult of a volume change due to dolomitization. Figure 6
is a sketch of a loose block of the Martin showing the
relation of dolomite to limestone.

In the Table Mountain mine area, pale to moderate
reddish-brown dolomite underlying typical Escabrosa

may belong to the Martin. The rock has a fine-grained
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FIGURE 6.—Sketch of loose block of dolomitized limestone of the
Martin Formation showing relation of dolomite to limestone
(do, dolomite; Is, limestone). From outcrop area 2,500 feet
south-southeast of Aravaipa.

sugary texture and consists of interlocked grains of
dolomite 0.2-1 mm across.

Rocks assigned to the Martin Formation in the Cop-
per Creek basin crop over a small area in the N14,
sec. 1, T. 8 S, R. 18 E. Their base is an intrusive
contact with Copper Creek Granodiorite, and they
are overlain disconformably by Escabrosa Limestone.
The original thickness of the Martin is not known
but in the present exposures ranges from 0 to per-
haps 150 feet. The lowest beds of the Martin are
fine-grained siltstone or mudstone, now converted to
dark hornfels. The bulk of the formation consists of
cream, yellow, pale-green, purple, gray, dark-red, or
pink thin-bedded impure limestone and thin clastic
beds that weather out in ribs; a little red or purple
shale also is interbedded with the limestone. Most
of these rocks have been converted in some degree to
hornfels. At one place, about 20 feet of fissile green
shale lies near the top of the formation, overlain by
very impure limestone.

A very small outcrop of greenish-gray shale (not
shown on the geologic map) crops out in a gulch
about 1,500 feet south of the old Tew Ranch. The
shale may belong to the Martin Formation, inasmuch
as Bolsa(?) Quartzite dipping toward the shale crops
out farther up the gulch, separated from the shale by
a lobe of Copper Creek Granodiorite.

The following measured sections of the Martin For-
mation will give some idea of the lithologic variation
within the formation. Only the first is a nearly com-
plete section, but for the most part it is poorly exposed;
the second is believed to be nearly complete and is
more adequately exposed.

Section of the Martin Formation in the NEY sec. 31, T. 5 8., R.

20 E.
Escabrosa Limestone.
Disconformable contact.
Martin Formation: T"(’}’fe’z)‘“
1. Marl, brownish-gray and shaly_.________________ 15
2. Shale, green, marly, fissile..____________________ 35
3. Shale, green; marly at top-- - - _____________ 15
4, Caliche-covered; probably green shale ___________ 25
5. Shale and sandy shale, green______________.______ 5
6. Same as unit 5, some grit at top; weathering
QreeN . _ oo 5
7. Same as unit 5__ __ e 10
8. Sandstone, rusty-brown; beds 6-12 in. thick_____ 5
9 Marl o _____ 5
Total thickness Martin Formation____________ 120

Fault contact; Bolsa Quartzite exposed a short distance off line
of measured section.
Horse Mountain Volcanics.
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Section of Martin Formation 1,000 feet east-southeast of Aravaipa

Escabrosa Limestoune.

Limestone, mottled-gray and greenish-gray,
wavy-bedded, fossiliferous. Unit 15, p. 29
Disconformable contact.

Martin Formation: T"("Jffez‘)m

1. Limestone, pink, thin-bedded, silty; 2-ft bed of
massive dolomitic limestone at top. Upper few
feet has scattered hematite concretions 1-2 in.
ACTOSS - o o e mm e ___ 8

2. Marl, pink, gray, or white, thin-bedded________ 36

3. Shale, maroon, fissile; passes upward into pink

massive- to

and gray thin-bedded marl___________________ 1414
4. Shale, olive-green, fissile______________________ 2
5. Poorly exposed; probably mostly variegated
marl o _____ 22
6. Marl, greenish yellow at bottom, changing to
pink at top__ . _____ 414
7. Caliche-covered; no outerop-.__________________ 21
8. Marl, greenish-yellow_________________________ 5%
9. Covered; probably mostly greenish-yellow marl. 12
10. Shale, green, fissile; weathers to abundant small

chips and flakes____ . ___________________.___ 12

Total exposed Martin Formation__.________
" Fault contact.
Escabrosa Limestone.

Section of Martin Formation 2,000 feel southeast of Aravaipa

Escabrosa Limestone.
Limestone, dark-gray, massive, fine-grained.
Disconformable contact.

Martin Formation: T"(ifce"ez‘fss
1. Dolomite, orange, pink, or red. Crinoid stems_._. 2
2. Marl, pink.____ L ____ 114

3. Limestone, orange-pink, hard, silty. Iron-stained
patches and hematite concretions less than 1 in.

BCTOSS o oo oo e e e e e 1
4. Marl, pink_______ L ______ 13
5. Limestone, pinkish-brown, dolomitic and prob-
ably silty; forms low eliff_____________________ 2
6. Marl, pink or white__.____._____________________ 414
7. Marl, pink or white, thin-bedded; some harder silty
limestone.._ . ____________ o ee_ 514
8. Covered; probably at least 15 ft of pink marl over-
lying at least 15 ft of green fissile shale__.______ 30
Total exposed Martin Formation___________ 5914

Fault contact.
Bolsa Quartzite.

Section of Martin Formation 2,500 feet south-southeast of Aravaipa

Escabrosa Limestone.

Limestone, mottled-gray and greenish-gray; beds 2-6 in. thick,
thin partings of slightly pinkish clastic limestone. Few crinoid
stems and fragments of brachiopods.

Disconformable contact.

Martin Formation: Thickness

(feet)
1. Limestone, pink to red or dark-red, some pink

marl. At top, 10-in. bed of fine-grained maroon

limestone with abundant crinoid stems and few

poorly preserved pelecypods(?)oooo oo ____
2. Marl, pink, soft and shaly; passes upward into

limestone_ . _ o ____ 5
3. Marl, pink, soft and shaly. Upper 2 ft has numer-

ous bright-red disk-shaped calcareous concre-

tions 1-3 in. across_ - _____ 5

4. Marl, soft, pink, shaly________________________ 315
5. Marl, grayish-pink, fissile; soft but more resistant
than overlying or underlying beds_ ___________ 614
6. Marl, variegated, dominantly pink. At base,
well-bedded pinkish to pale greenish-gray marl. 714
Total exposed Martin Formation___.________ 34

Fault contact.

Horse Mountain Voleanices.

Seciion of Martin Formation near junction of roads to Aravaipa,
Tule Spring, and Landsman Camp, center NW14 sec. 31, T.
58, R. 2 E.

Horse Mountain Volcanics.
Unconformity.

Martin Formation: T’(‘jf?e%m
1. Limestone, gray with faint pinkish cast, weathers
brown . - - e 17
2. Shale, green, fissile. _ . ___ __ . _____ 33
3. Sandstone, greenish-gray.______________________ 3
4. Marl, light-gray. Few thin beds of light-gray
limestone weathering buff. - _________________ . 28
5. Limestone, gray, pink, or buff, marly. Few poorly
preserved pelecypods. . - _____.__. 33

Total exposed Martin Formation_____._.____
Disconformable contact.
Bolsa Quartazite.
AGE

No identifiable fossils were found in the beds as-
signed to the Martin Formation, but elsewhere in
southeastern Arizona the Martin is known to be of
Late Devonian age. A collection of corals made by
C. D. Walcott from limestone near the upper Deer
Creek coal field, presumably from a locality a few
miles northwest of the Klondyke quadrangle, was
examined by Edwin Kirk (Ross, 1925a, p. 21), who
assigned them to the Martin Limestone. The strati-
graphic position of the limestone from which this zol-
lection was made is not known, so that the fossils
merely establish the presence of Martin Formation in
a mnearby area. Lithologic and stratigraphic data
supporting correlation of the beds in the Klondyke
quadrangle with the Martin already have been pre-
sented.
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MISSISSIPPIAN SYSTEM
ESCABROSA LIMESTONE

The name Escabrosa Limestone was given by Ran-
some (1904b, p. 42) to thick-bedded limestone of
Early Mississippian age in the Bisbee district. The
formation has since been recognized in many places
in southeastern Arizona.

The Escabrosa underlies at least 10 principal areas
at and east of Aravaipa, none of which is larger than
about a quarter of a square mile in extent, and it
also crops out over very small areas in as many other
places. In addition, a small body of highly altered
fine-grained fetid crinoidal limestone southeast of
Monkey Spring in the South Fork of Goodwin Can-
yon is assigned dubiously to the Escabrosa; this rock
is now largely converted to garnet and epidote.
Finally, the Escabrosa Limestone underlies nearly
half a square mile at and northwest of the Table
Mountain mine in sec. 15, T. 7 S., R. 18 E., and two
smaller areas in the northern part of the Copper
Creek basin. The total outcrop area of the Escabrosa
is less than 2 square miles, or a little less than 1 per-
cent of the quadrangle.

The Escabrosa Limestone is rather resistant to ero-
sion and characteristically forms moderately steep
slopes punctuated at intervals by low cliffs. It does
not, however, seem to be as impressive a cliff former
as in the Bisbee region and the Dos Cabezas and
Dragoon Mountains.

Complete sections of Escabrosa Limestone are ex-
posed on hill 5328 in the NE14 sec. 31, T. 5 S., R.
20 E., where the calculated thickness is about 300 feet,
and on the ridge northwest of Landsman Camp, in
the NE14 sec. 30, T. 5 S., R. 20 E., where the forma-
tion is calculated to be about 350 feet thick. A sec-
tion believed to be nearly complete was measured in
Arizona Gulch about 2,200 feet northwest of Ara-
vaipa; at this place the Escabrosa is 381.5 feet thick.
The limestone mapped as Escabrosa about three-
fourths mile north of Cobre Grande Mountain ap-
pears to be somewhat thicker, but the rocks here are
folded and attitudes are difficult to obtain, so that
no reliable estimate of thickness is available; more-
over, much of the outcrop area could not be examined
owing to heavy brush, and consequently some of the
limestone may be Horquilla rather than Escabrosa,
although this possibility seems rather unlikely. At
the Table Mountain mine, Thomssen and Barber
(1958) measured 508 feet of KEscabrosa ILimestone;
this thickness is a minimum, as the upper contact is
an erosional unconformity. All other sections of

Escabrosa Limestone are faulted or otherwise in-
complete.

The Escabrosa Limestone rests disconformably on
the Martin Formation and is overlain disconformably
by the Horquilla Limestone and unconformably by
the Pinkard Formation, Horse Mountain Volcanics,
Galiuro Volcanics, and older alluvium. In the Copper
Creek basin it is intruded by Copper Creek Grano-
diorite. Contacts with other formations are faults,
except perhaps the contact with Goodwin Canyon
Quartz Monzonite in the SE14 sec. 21, T. 5 S., R. 20
E. This contact is shown as a fault on the geologic
map because the limestone appears to be unaltered,
whereas elsewhere the Horquilla Limestone intruded
by quartz monzonite is widely converted to tactite;
however, the Escabrosa is generally a very pure car-
bonate rock and alteration might consist only in
marmarization, in which case its effects might easily
be overlooked in the field.

The base of the Escabrosa was mapped at the base
of the lowest massive gray limestone of the sequence
overlying the Bolsa Quartzite. The basal beds char-
acteristically are mottled gray and faint greenish
gray. A few tens of feet, locally as much as 150 feet,
of poorly exposed beds intervene between undoubted
Bolsa and undoubted Escabrosa, and these beds have
been assigned on the basis of lithology and strati-
graphic position to the Martin Formation. (See
p- 23.)

In the region around Aravaipa the Escabrosa is
overlain disconformably by Horquilla Limestone. No
evidence of unconformity was found, and indeed,
distinction between the two limestones was based on
the presence of abundant fusulinids in the Horquilla
together with minor changes in lithology, rather than
on any clearcut stratigraphic break between them.
Nevertheless, the fact that no fossils of Early Penn-
sylvanian age were found suggests a hiatus between
the Escabrosa and the Horquilla; a similar hiatus
was noted by Gilluly (1956, p. 35-36) in central
Cochise County.

At the Table Mountain mine, the Escabrosa is
overlain unconformably by the lower andesite unit
of the Galiuro Volcanics, and in the Copper Creek
basin it is overlain unconformably by the same ande-
site and also by conglomerate and tuffaceous sand-
stone of the Pinkard(?) Formation. In both these
places the uppermost part of the Escabrosa is a mas-
sive very resistant jasperoid breccia that must have
formed a local stripped surface on which the younger
rocks were deposited.
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LITHOLOGY

The bulk of the Escabrosa Limestone is light to
medium gray and thick to thin bedded. Thick beds
of coarse-grained crinoidal limestone are conspicu-
ous, but they constitute less than half of the forma-
tion, the rest being medium- to fine-grained or litho-
graphic thin-bedded limestone. In the upper part of
the formation, some beds have a faint pinkish cast
on fresh surfaces. Chert is very scarce in the lower
part of the section, and is not abundant anywhere
except locally at the Table Mountain mine and in the
Copper Creek basin. Dolomite is not abundant but
makes up a few thin beds throughout the formation,
particularly in the lower and middle parts. A thick
cliff-forming bed of gray oolitic limestone caps hill
5328 in the NE. cor. sec. 31, T. 5 S., R. 20 E., and
oolitic rocks are not uncommon elsewhere in the for-
mation. Terrigenous sedimentary rocks are very
scarce: a few feet of calcareous sandstone crops out
just above the base of the section southeast of Ara-
vaipa, in the NE1} sec. 30 and the NE1 sec. 81, T.
5 S, R. 20 E., and near the Table Mountain mine; a
bed of brown orthoquartzite lies about 50 feet below
the top of the formation on the ridge between Lands-
man Camp and Williamson Canyon; and a bed 25
feet thick of very fine grained dark-brown sandstone
is intercalated near the top of the formation on the
ridge just northwest of Landsman Camp.

The basal beds of the Escabrosa are rather dis-
tinctive. They are gray mottled with faint greenish
gray, are 6-24 inches thick with wavy or lenticular
bedding, commonly have small concretions of red
hematite and flakes of red mud, may contain corals,
brachiopod fragments and crinoid stems, and may be
fetid. In the measured section 1,500 feet east-south-
east of Aravaipa, the base of the KEscabrosa is a
grayish-red (5% 4/2) dolomitic limestone having
abundant tiny fossils and fossil fragments. Micro-
scopically, this rock consists entirely of carbonate in
grains 0.2-1.0 mm across; these form an interlocking
aggregate of angular anhedrons with a few scattered
well-formed rhombs, presumably of dolomite.

In several places the basal limestone beds are over-
lain by calcareous sandstone as much as 9 feet thick.
A specimen from 2,000 feet southeast of Aravaipa is
a grayish-pink rock composed of quartz grains 0.05-
0.5 mm across, cemented by calcite. The larger quartz
grains are rounded, whereas the smaller ones are sub-
angular. All the quartz grains are single crystals
but may show wavy extinction. Overgrowths are not
common. Some of the quartz grains have slightly
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scalloped edges, suggesting minor replacement by
calcite. Part of the calcite may be detrital but much
of the coarser calcite is molded around the quartz
grains and, if originally clastic, has been notably re-
crystallized.

Field tests with dilute hydrochloric acid show that
dolomitic limestone is much more abundant than
dolomite, but some apparently nearly pure dolomite
does occur here and there. Yellowish-gray fine-
grained dolomite 35 feet above the base of the Esca-
brosa 2,000 feet southeast of Aravaipa is made up
entirely of interlocking grains of dolomite 0.1-0.2
mm across; many of these grains are euhedral rhombs.
Light-gray to faintly pink dolonite from the meas-
ured section 1,500 feet east-southeast of Aravaipa
(unit 11, p. 29) is almost identical but somewhat
less even textured, most grains being 0.1-0.3 mm
across with a few 1 mm across.

The buff to dark-brown orthoquartzite that lies
about 50 feet below the top of the Escabrosa on the
ridge northwest of Landsman Camp is a very well
sorted rock made up almost exclusively of angular to
subrounded grains of quartz 0.6-0.8 mm across. Ac-
cessory minerals are rounded zircon, iron ore in grains
0.2-0.5 mm across, and very sparse muscovite, biotite,
and blue-gray tourmaline. The cementing material
is iron oxide.

The Escabrosa of the Table Mountain mine area in-
cludes very fine grained or lithographic limestone as
well as the more typical light-gray coarse-grained
crinoidal limestone. Along the west side of the out-
crop immediately below the Galiuro Volcanics, the
limestone is stained pink; the limestone here has beds
1-6 inches thick composed almost entirely of crinoid
fragments, and also contains knots and thin lenses of
light-gray chert. Fossils include crinoid stems as much
as a centimeter in diameter, small corals, and very
poorly preserved small brachiopods.

In the Table Mountain mine area and the Copper
Creek basin, a massive layer of jasperoid breccia 50-100
feet thick is intercalated in the Escabrosa, and a
similar jasperoid crops out half a mile west-southwest
of Landsman Camp. In the Table Mountain region,
the jasperoid is well exposed only along the west side
of the Escabrosa outcrop, where it is as much as 100
feet thick; at the north end of the outcrop, where
it is 5060 feet thick; and near the mine, where it is
20-25 feet thick and is the principal ore-bearing rock.
In the mine area the jasperoid commonly underlies the
surface on which the Galiuro Volcanics were deposited.
The precise stratigraphic position of the jasperoid is
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not known but is probably about 150 feet above the
base of the Escabrosa along the west side of the
outcrop. Inasmuch as Thomssen and Barber (1958)
report no comparable rock in their measured section
of more than 500 feet in the Table Mountain mine
area (p. 30 this report), the jasperoid is presumed to be
highly lenticular. The jasperoid is a massive nonbed-
ded gray to white rock, locally mottled red and brown,
and is made up of an unsorted jumble of angular
fragments of white or gray jasperoid cemented by
jasperoid, and less commonly by quartz, chrysocolla,
and other oxide copper minerals. Below the massive
jasperoid in the mine area, the Escabrosa is light
gray and fine grained and contains abundant light-
gray chert in layers or irregular stubby lenses a few
inches thick; chert may constitute as much as a third
of the formation. Where it contains much chert the
Escabrosa is a brownish-weathering dolomitic lime-
stone.

Limestone, metamorphosed limestone, and chert as-
signed to the Escabrosa Limestone underlie a small
area in the Copper Creek basin in secs. 1 and 2, T. 8
S., and sec. 85, T. 7 S., both R. 18 E. The Escabrosa
ranges in thickness from 0 to perhaps 200 feet and
averages about 150 feet within the larger of its two
main outcrop areas.

The basal part of the formation is gray to white
coarse-grained limestone with some thin silty lamel-
lae and fine-grained brown, yellow, or cream litho-
graphic limestone. The carbonate rocks weather to
various tones of pink, yellow, cream, or gray. In the
upper part of the carbonate sequence are several beds
of pink or purple impure limestone and one bed of
bright-red limestone. A dark-gray limestone at the
top of the sequence contains small spirifers, crinoid
stems, and small cup corals that together with the
lithologic characteristics suggest correlation with the
Escabrosa.

The upper part of the Escabrosa is a layer of gray
jasperoid breccia 10-20 feet thick that apparently
constituted a local erosional platform on which the
overlying rocks were deposited; the jasperoid, al-
though very thin, persists along almost the entire
length of the Escabrosa outcrop. It is composed
entirely of various-sized angular blocks of jasperoid
in a fragmental matrix of the same rock. The rock
resembles the jasperoid at the top of the Escabrosa
in the Table Mountain mine area, described previ-
ously.

QUADRANGLE, ARIZONA

The following sections of Escabrosa Limestone were
measured ; only the first is a nearly complete section.

Section of Escabrosa Limestone on the ridge 1,500 feet west of
Aravaipa
Horquilla Limestone:
Limestone, light-gray, medium-bedded, fine-grained. Unit
16, p. 33.)
Disconformable contact.
Escabrosa Limestone:

1. Limestone, medium-gray ; beds 14 to 2 ft thick; cliff
forming. Some fine-grained beds with pinkish
cast. Crinoid stems, sparse lenses and nodules
of pinkish-gray chert. . ___________________ 57

2. Similar to unit 1, but abundant nodules and lenses
of pink chert, becoming less abundant toward
the top. Cherty limestone is pink to pinkish

Thickness
(feet)

gray and fine grained_ .. ___________________ 5814
3. Limestone, dark-gray, coarse-grained, crinoidal.
Upper part covered. ... _______________ 13%%

4. Dolomite, light-gray, medium-bedded, fine-
grained; weathers faint buff_ _ .. ____________ 9
5. Limestone, light-gray, thick-bedded, coarse-
grained, ecrinoidal. Few nodules of pink
5014
6. Mostly covered, but elsewhere resembles unit 7.
Some pinkish-gray limestone_.______________ 17
7. Limestone, medium-gray, medium-to thick-
bedded, fine-grained, slightly silty. Lenses of
finely laminated light-gray ch-rt as much as 10
ft long and 1ft thick. Irregular concentrations
of clastic material. Becomes light gray,
coarser, less silty, and crinoidal toward top..- 51
8. Mostly covered; probably mainly light-gray
medium-bedded dolomitic limestone..______ 20
9. Limestone, gray, massive, several highly fossilif-
erous beds 4-6 in. thick. Collection 18156-PC.
Few thin beds and lenses of light-gray, finely
laminated chert__ _________________________
10. Limestone, dark-gray; beds 1-6 in. thick.
Abundant irregular nodules of silty limestone
that weather buff to dark brown and stand out
in strong relief on weathered surfaces_.______ 26
11. Limestone, light-gray, medium- and wavy-
bedded, crinoidal. At top, bed of light-gray
dolomitic limestone 1 ft thick_______________ 19
12. Limestone, dark-gray, thick-bedded, fine-grained,
slightly fetid. Stubby lenses of silty material a
few feet long and a few inches thick.
Irregularly disposed small patches of brownish
clastic material. Numerous small white cup
corals and crinoid stems_ - _ .. . ... _______
13. Limestone, gray, thin- and wavy- bedded, faintly
laminated._ _ __ _ o 21
14. Dolomite, light-gray, fine-grained; weathers
faint buff____ ..
15. Limestone, gray, thick-bedded.____.___________. 6

1235

1814

Total exposed Escabrosa Limestone....___ 382
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Fault contact; base of formation believed to be within a few tens
of feet of lowest exposure.
Escabrosa Limestone and Horse Mountain Voleanics.

Section of Escabrosa Limestone 1,600 feet east-southeast of Aravaipa
Bolsa Quartzite.

Fault contact.
1.

10.

11.

12.

13.

14.

15.

Disconformable contact.
Martin Formation:
Unit 1, p. 25.

Thickness
(feet)
Limestone, thick-bedded, coarse-grained,
crinoidal. Top 3 ft or so is pink to gray
dolomite_ . ____ . _____ 1914
. Limestone, dark-gray, massive, cliff-forming.
Numerous pods of clastic material, presumably
calcareous mud balls and flakes____________ 514
. Limestone; pinkish gray and medium grained at
base, becoming gray and fine grained toward
top. Almost devoid of bedding.___________ 3514
. Dolomite, dark- to light-gray, locally pinkish;
weathers pink or greenish yellow____________ 13
Limestone, gray, massive. Abundant irregular
concentrations of clastic material at top___.__ 10
. Limestone, gray, massive, cliff-forming. Small
amounts of clastic material. Few coral colonies
near tOp.-_ o _____ 13
. Limestone, medium-gray,  medium-bedded,
erinoidal - _ __________________ . 514
Mostly covered; probably pinkish-gray to gray
dolomitic limestone, grading into limestone at
L) o U 1814
Limestone, pinkish, coarse-grained, dolomitic;
weathers pale yellowish brown______________ 114
Covered; probably light-gray fine-grained
dolomite_ _ __ ... 11
Dolomite, light-gray to faintly pink, massive,
medium-grained to sugary. Highly crinoidal;
bedding revealed by layers of erinoid frag-
ments. e 1714
Dolomite and dolomitic limestone, light-gray to
gray or faintly pink, thin- to medium-bedded,
coarse-grained, highly erinoidal_ __.__________ 8
Covered._.__ .. 914
Limestone, light-gray, thin-bedded, very sandy;
weathers nearly white_.__ __________________ 8
Limestone, mottled-gray and greenish-gray,
massive- to wavy-bedded, fossiliferous.
Abundant hematite concretions in lower 4 ft.
Basal 1 ft is grayish-red, highly fossiliferous
dolomitic limestone_.______________________ 814
Total exposed Escabrosa Limestone___.._.__ 18414

Section of Escabrosa Limestone southeast of Tule Spring,
SW corsec.32,T.58,,R.20 B.

Horquilla Limestone :

Limestone, medium-gray ; beds 6-18 in. thick; fine grained,
crinoidal. Distinctive red to maroon irregular layers and
patches of impure limestone that weather into pronounced
relief. No fusulinids, but such lithology through a thickness
of more than 25 ft strongly suggests that these beds belong
to the Horquilla.

Disconformable contact.

. Thickness
Escabrosa Limestone: (feet)
1. Limestone; gray with pinkish cast; thick-bedded.
Sparse chert. Poor outerops- .- ______ 1014
2. Covered; probably thick-bedded light-gray lime-
stone; similar to unit 3________________.____ 3114
3. Limestone, light-gray, thick-bedded-_._________ 914
4, Limestone; gray with pink tinge; thick-bedded.
Few nodules of pink chert or jasper near top_.. 714

5. Limestone; gray with faint pink tinge, weathering
very light gray; thick bedded with fine lamina-
tions; fine-grained. Thin intraformational
conglomerate and a little white chert at top-._.. 7

6. Limestone; light-gray with numerous dark-gray
blotches 1-2 mm across; very thick bedded.
Scattered small irregular nodules that may
have been corals. Few fossil mollusks in fine-

grained layer 9 ft above base_ __ ____________ 14
7. Limestone, light-gray; beds 1-4 ft thick, mostly
fine grained, but some coarse-grained beds__._ 26

8. Limestone, light-gray to pink; weathers light
gray; thick bedded and medium grained at
base, grading upward into medium and wavy
bedded and fine grained at top. Knots and
wavy beds of red chert in upper part. Many

small fossils at base__.______________________ 16
9. Limestone, dark-gray, coarse-grained.___._._____ 3
10. Limestone, pinkish-gray or light-gray, massive

and thick-bedded, medium-grained__._.__._.___ 18

11. Limestone, light-gray; beds 6-18 in. thick;
medium-grained. Irregular lenses of dark-
gray chert as much as 1 ft thick. Sparse knots
of white chert_____________ . __ 5

12. Conglomerate; angular to subrounded fragments
of black, red, and gray chert mostly less than 3
em across, in matrix of limestone. Thin layers
of wavy-bedded and crossbedded gray lime-

Total exposed Escabrosa Limestone__ _____ 153
Caliche-covered slope.
Fault contact.
Bolsa Quartzite.
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Section of Escabrosa Limestone along the west side of Virgus
Canyon
[Quoted from Thomssen and Barber (1958)]

Thickness

Escabrosa Limestone: (feet)

1. Dolomite, grayish-pink, fine-grained, few thin

reddish chert lenses; top covered____._________ 46
2. Limestone, light-gray, coarse-grained, fossiliferous;

beds 1 to 2 ft thick. Pentremites elongatus and

two other species of Peniremites(?) found near

middle. . - . 80
3. Limestone, gray, fine- to medium-grained, fossilif-

erous; abundant 1 to 8 in. pinkish chert lenses;

beds a few to 18 in. thick. ... ____________
4. Limestone, gray, medium-grained, fossiliferous;

few small calcite and quartz geodes near base,

cliffforming_ .. . ___ ... 36
5. Dolomite, tan to pink, fine-grained, weathering to

smooth surface; contains coral and ecrinoid

fragments, many quartz geodes up to 2 in.;

few thin, reddish chert lenses, white nodules;

beds 1 to 3 ft thick; limestone lens 0 to 5 ft

thick near top of unit, Small lenses of limestone

composed chiefly of Homalophyllum(?) sp.

locally along contact between this unit and

unit 6. 85
6. Dolomite, tan to gray, medium-grained, weather-

ing to rough, pitted surface; contains ecrinoid

fragments, few quartz geodes up to 2 in.; beds

1 to 3 ft thick; top bed weathers to splotchy

brown and gray__ . __ . _________._____ 90
7. Quartzite [coarse calcareous sandstone], pink to

tan; crossbedded in 1 to 2 ft beds; subrounded

grains cemented by [sparse]l calcite, quartz;

top 6 in. fossiliferous, including tooth of Pse-

phodus [a sharklike fish] ____________________ 9
8. Dolomite, dark-tan, medium-grained, weathering

to rough, pitted surface; contains crinoid

fragments, few quartz geodes up to 3 in.

Similar tounit 6. _____.__________ . _..__ 19
9. Dolomite, buff to tan with pinkish cast, medium-

grained, weathering to smooth surface; contains

1 to 5 in. quartz geodes, thin chert lenses,

crinoid fragments; beds 1 to 2 ft thick; base

covered._ - ... 16

127

Total exposed Escabrosa limestone._________

Covered (mostly thin-bedded reddish shale and some red
dolomite of Martin limestone, few feet of tan Escabrosa
dolomite at top) ... ____ 30

Martin limestone
Dolomite, reddish, fine-grained, fossiliferous; beds 1 to

6 in. thick interbedded with reddish shale 1 to 2 in. thick;

few quartz geodes up to 2 in.; top and base covered.

ALTERATION OF ESCABROSA LIMESTONE

North and northeast of Landsman Camp, the Es-
cabrosa Limestone has been converted to tactite
over an irregular area 2,000 feet long and as much as
1,500 feet wide. 'The alteration does not seem to be
controlled by faults, fractures, or favorable beds, and
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no pattern of alteration was recognized. The principal
rocks are garnetite and epidotite, but masses of spec-
ularite, locally copper stained, also have formed.
The garnetite is a yellowish-green to yellowish-brown
rock that weathers dark brown. It has numerous
small vugs lined with tiny garnet crystals. Aside from
a few quartz veinlets, the rock consists entirely of bire-
fringent twinned garnet in grains 0.05-0.5 mm across.
The refractive index of this garnet is 1.88040.005
and indicates a variety very high in andradite (Winchell
and Winchell, 1951, p. 485).

The epidotite is composed almost exclusively of
euhedral prisms of strongly pleochroic epidote 0.1-0.5
mm long in a matrix of calcite. A little iron ore is the
only accessory mineral. The refractive index 8 of the
epidote is about 1.76+0.005, indicating about 35
percent or a near-maximum amount of the iron end
member of the clinozoisite-epidote series (Winchell
and Winchell, 1951, p. 449).

At several places the Escabrosa has been replaced
by pods, lenses, or irregular masses of coarsely crys-
talline johannsenite. This mineral was seen at the
Black Hole prospect northwest of Aravaipa, near the
inclined shaft of the No. 1 mine just southwest of
Aravaipa, and along the Cobre Grande trail north-
east of Landsman Camp, to mention only a few
localities. Near the Cobre Grande trail, several sill-
like bodies of johannsenite replace Escabrosa Lime-
stone within a stratigraphic thickness of about 100
feet. The “sills” may be several feet thick and are
composed entirely of radiating aggregates of johann-
senite weathered superficially to black.

AGE

Fossils collected from two localities in the Escabrosa
Limestone were examined by J. T. Dutro, Jr., of the
U.S. Geological Survey, who reports (written commun.,
1961) as follows:

Collection 18156-PC (from unit 9 of stratigraphie section,
p- 28):
Zaphrentites? sp.
Small horn coral, indet.
Lyroporella? sp.
Cystodictya? sp.
Rhipidomella? sp.
Orthotetes? aff. O. keokuk Hall
Chonetes aff. C. loganensis Hall and Whitfield
“Productella’ sp.
Productoid brachiopod, indet.
Spirifer cf. 8. forbesi Norwood and Pratten
Sp.-
Platyceras (Platyceras) sp.
Straparollus (Euomphalus) cf. S. (E.) subplanus (Hall)

Collection 17987-PC (from near top of formation, below
fusulinid-bearing beds of the Horquilla Limestone, 400 ft
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Section of Horquilla Limestone on the ridge 2,000 feet west of

Horquilla Limestone—Continued
4.

10.

11.

12.

13.

14.

15.

16.

Aravaipa—Continued

Limestone, pinkish-brown, fine-grained, probably
slightly dolomitic; weathers conspicuously
mottled pink and gray. Some beds nearly
maroon. Abundant fragments of fossils. Bed
of calecareous grit at top--._________________

. Limestone, gray or pinkish-gray, thin-bedded,

fine-grained; weathers light gray. Abundant
poorly preserved spirifers___________________

. Limestone, gray, medium-bedded, coarse-grained;

becomes light gray toward top. Very abun-
dant fragments of fossils at base; white erinoid
stems and brown spirifers. __________ -

. Limestone, gray, thick-bedded, fine-grained.

Sparse chert. Abundant tiny fragments of
white erinoid stems; at top, abundant poorly
preserved pink to cream-colored brachiopods
5-10 mm across

. Limestone, dark-gray to pinkish-gray, thin-

bedded, fine-grained; becomes lighter colored
toward top; weathers light gray to gray.
Sparse lenses of gray chert in lower part; abun-
dant chert nodules in upper 25 ft, weathering
brown or rusty brown. Abundant fragments
of white or pink crinoid stems

. Limestone, gray; bright-red mottling near base;

thick-bedded, fine-grained. Few chert concre-
tions near base; weathers buff to brown; be-
comes more cherty toward top. Thin bed with
abundant large cup corals (as much as 6 in.
long, 2 in. in diameter) 16 ft above base_.___
Limestone, gray to pinkish-gray, thick-bedded.
Abundant tiny fragments of white crinoid
stems; few fragments of pink brachiopods.. ..
Limestone, light-gray, thin-bedded. Abundant
cream-colored to buff clastic material that
when weathered resembles chert..._________
Limestone, light-gray, thick-bedded. Irregular
knots of white, rusty-weathering chert at top.
Abundant fusulinids, few brachiopods and cup
Limestone, light-gray, thick-bedded; mottled
red near top. Pink silicic clastic material in
lowerpart. . _______________ .
Poorly exposed; mostly gray limestone with red
mottling_ ____________________
Limestone, gray; contains as much as 50 percent
red, pink, or rusty-colored silicic clastic mate-
Limestone, light-gray, medium-bedded (less than
1 ft thick), fine-grained; lenses and knots of
irregularly disposed pink silicic clastic mate-
rial. Abundant fragments of pink erinoid
stems and brachiopods, few fusulinids. Con-
spicuous gray and pink or cream mottling on
bedding surfaces__________________________

Total exposed Horquilla Limestone

Disconformable contact.
Escabrosa Limestone:
Limestone, medium-gray, thick-bedded, cliff-forming;

some fine-grained beds with pinkish cast. Unit 1,

page 28,

Thickness

(feet)

2034

13

4014

5114

23

935

31

25

24

2714
406

Section of Horquilla Limestone on ridge 4,000 ft northeast of
Landsman Camp, across line between secs. 20 and 29, T. 5 8.,
R. 20 E.

Top of measured section; further measurement not feasible

owing to structural complications.

. . Thick
Horquilla Limestone: (z!mn)en

1. Limestone; medium gray with faint pinkish
cast; coarse grained, massive. Some lime-
stone breceia .- - - - .. 26
2. Limestone, medium-gray, fine-grained, massive;
weathers light gray. Irregular rounded nodules
of gray chert, weathersblack. ... .. ... 21
3. Dolomitic limestone, medium-gray, fine-grained;
weathers light buff. Very abundant gray cup
corals in upper 6in____ .. ... 3
4. Limestone, medium-gray, medium-grained, cri-
noidal; lenses of black chert as much as 6 in.
thiek - - - oo e 19
5. Limestone, light-gray, medium-grained, medium-
bedded; weathers light gray. Locally ecliff
forming. Grades upward into fine-grained
limestone. Sparse nodules of light-gray chert
in lower part, more abundant in upper part... 58
6. Limestone, dark-gray, fine-grained, thick-bedded,
resistant; weathers light gray. Sparse gray
chert; weathers black. Few fossils 20 ft below
L1707 o YOO U 60
7. Limestone, light-gray, coarse-grained, massive,
crinoidal; weathers gray. Very sparse lenses
of black chert in lower part, becoming more
abundant toward top_ .- ______. 47
8. Limestone, light-gray, medium-grained; small ir-
regular knots of calcareous clastic material
weathering black to gray. Upper part resembles
intraformational conglomerate, with irregular
rounded blocks of limestone 1-6 in. across
enclosed in sparse matrix of clastic lime-

9. Limestone, light-gray, fine-grained, thin-bedded;
abundant fine-grained greenish-gray silty ma-
terial . .o ._. 10
10. Limestone, dark-gray, fine- to medium-grained;
beds 1-6 in. thick; weathers light gray. Con-
tains a few beds 1-3 in. thick of black-weathering
limestone. Some beds of clastic limestone
that weather brown_ ______________________ 20
11. Poorly exposed; includes medium-gray fine-
grained massive limestone, dark-gray medium-
grained limestone, wisps and irregular small
nodules of gray chert that weathers black._.._ 42
12. Same asunit 9. .. 8
13. Mosily covered, probably limestone. Basal 2 ft
medium-gray medium-grained massive lime-
stone with fusulinids and scarce fragments

of brachiopods. ... __________________ 15

14. Same as unit 9. Basal 1 ft has abundant crinoid
columnals and fragments of white brachiopods_ 15
Total measured Horquilla Limestone. .. ___ 347

Disconformable contact.

Escabrosa Limestone:
Limestone, medium-gray, fine-grained, wavy-bedded; beds
6 in. to 2 ft thick; weathers light gray to greenish gray.
Irregular knots of white to gray chert.
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ALTERATION OF HORQUILLA LIMESTONE

In several places the Horquilla has been converted
to garnetite, epidotite, or garnet-epidote tactite, or
has been replaced by small pods or lenses of johann-
senite. Most of these silicate masses are not closely
related spatially to intrusive rocks, and the source of
the added material is even more problematical than
usual.

A lJarge mass of Horquilla (and Escabrosa?)
Limestone at the head of the Middle Fork of Good-
win Canyon has been changed to greenish-yellow
fine-grained dense garnetite. The alteration is pre-
sumably due to emanations from the Goodwin Canyon
Quartz Monzonite, which is in contact with the gar-
netite along its north and southeast sides. Only tiny
remnants of limestone are preserved in the garnetite,
but one of these yielded fusulinids identified tenta-
tively by R. C. Douglass, of the U.S. Geological
Survey, as “a primitive form of T'riticites of the kind
found in the Missourian series of the mid-continent.
This would place them in the upper part of the Hor-
quilla formation or lowermost part of the Earp for-
mation” (Gilluly and others, 1954, p. 16-23). The
garnet is moderately birefringent and has a refractive
index of 1.880 = 0.005, indicating a very high pro-
portion of andradite (Winchell and Winchell, 1951,
p. 485).

At the Lead King mine in Stowe Gulch (center
north edge sec. 6, T. 6 S., R. 20 E.) Horquilla Lime-
stone is replaced by small amounts of coarsely crystal-
line johannsenite.

AGE

Collections of fossils from three localities in the
Horquilla Limestone were examined by J. T. Dutro, Jr.,
who reports (written commun., 1961) as follows:

Collection 17985-PC (from limestone remnant in large mass
of tactite NEY4 NEY sec. 20, T. 5 8., R. 20 E.):

Echinoderm debris, indet.

Fenestella sp.

Penniretepora sp.

Branching bryozoans, indet.

Spirifer aff. 8. rockymontanus Marcou

Composita sp.

Phricodothyris? sp.

Dielasma? sp.

Collection 17986-PC (base(?) of formation, just southwest
of hill 5328, NEY sec. 31, T. 5 S, R. 20 BE.):

algae, undet.

Tetrataxis sp.

Mllerella sp.

Fusulinella sp.

Horn coral, indet.

Echinoderm debris, indet.

Rhombopora sp.

Fenestella sp.

Prismopora sp.
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Mesolobus cf. M. siriatus (Weller and McGehee)
Echinoconchus semipunctatus (Shepard)
Linoproductus cf. L. prattenianus
Pratten)
Juresania cf. J. nebrascensis (Owen)
Antiquatonia cf. A. coloradoensis (Girty)
Antiquatonia sp.
Spirifer cf. 8. occidentalis Girty
Sp.
Composita cf. C. sublilita Hall
Phricodothyris cf. P. perplexa (McChesney)
Pectenoid pelecypods, undet.
Bellerophontacean gastropods, undet.
Bone fragments, indet.

Collection 17988-PC (approximately 400 feet above the
base of the formation in Arizona Gulch, NE¥ sec. 35
(unsurveyed), T. 5 S., R. 19 E.):
Syringopora cf. S. multattenuata McChesney
Caninza (s.1.) sp.
Chaetetes cf. C. milleporaceous Milne-Edwards and
Haime
Large crinoid stem, indet.
Echinoid spines, indet.
Tabulipora sp.
“Marginifera’ sp.
Antiquatonia cf. A. coloradoensis (Girty)
Spirifer cf. 8. occidentalis Girty
cf. 8. rockymontanus Marcou
Composita subtilita (Hall)
Phricodothyris? sp.
Dielasma? sp.

(Norwood and

Dutro discusses these collections as follows:

Collection 179856-PC.—All this material is badly altered. Of
the bryozoans Helen Duncan states: “On an objective basis,
about all one can say is that the assemblage is post-Ordovician
Paleozoic. From what we know of bryozoan distribution in the
Paleozoic rocks in the southwest, the beds are probably Upper
Paleozoic.” The brachiopods appear to be of Pennsylvanian
aspect, as reported from the Horquilla limestone elsewhere.

Collection 17986—~PC.—This varied assemblage is definitely of
Middle Pennsylvanian age (probably early Des Moines) and
represents beds low in the Horquilla as described in central
Cochigse County (Gilluly and others, 1954, p. 32-33; collections
from lower 200 feet).

Collection 17988- PC.—The Syringopora is a species that ranges
from the Middle Pennsylvanian into the lower Permian. Chae-
tetes milleporaceous is a common fossil in the Middle Pennsyl-
vanian and is generally considered to be a guide to rocks of that
age. The brachiopods are species deseribed from the lower part
of the Horquilla formation (Gilluly and others, 1954, p. 32-33).
The assemblage doubtless represents lower Horquilla equivalents.

The Horquilla Limestone in the Klondyke quadrangle
thus appears to be entirely or almost entirely of Middle
Pennsylvanian age.

CRETACEOUS SYSTEM
PINKARD FORMATION

The Pinkard Formation was named by Lindgren
(1905a, p. 73) after Pinkard Gulch, 2 miles west of
Morenci, which is about 55 miles east-northeast of

Klondyke. Ross (1925a, p. 28) did not use the name
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in his description of the Upper Cretaceous sedimen-
tary rocks of the Aravaipa and Stanley districts be-
cause “* * * of the great distance of the Aravaipa-
Stanley region from known outcrops of the Pinkard
formation, the large amount of volcanic material in
the beds of this region, and other lithologic differ-
ences * * *” However, the amount of volecanic ma-
terial in this formation as mapped in the Klondyke
quadrangle is negligible, the rocks are rather similar
lithologically to those at Morenci, and the fossil evi-
dence at least suggests correlation, so that use of the
same name would seem to be permissible.

The Pinkard Formation crops out mainly along
Old Deer Creek, in the upper Middle Fork of Good-
win Canyon, and to the east of the Iron Cap mine in
T. 5 S, R. 20 E. The north side of the ridge west
of the Iron Cap mine is in part a dip slope on a thin
layer of Pinkard Formation dipping about 25° N.
Two other small areas of rocks tentatively correlated
with the Pinkard Formation are in secs. 1, 2, and 12,
T. 8 8., R. 18 E., in the Copper Creek basin. The
total area underlain by Pinkard Formation is only
about 1.5 square miles, or less than 1 percent of the
quadrangle.

The base of the Pinkard Formation is exposed
only along the valley and ridge east of the Iron
Cap mine, mainly along the south edge of sec. 20, T.
5 S., R. 20 E., where the formation rests unconform-
ably on folded Horquilla Limestone, and in the Cop-
per Creek area, where the formation overlies uncon-
formably Escabrosa Limestone. Elsewhere the for-
mation is in fault contact with older rocks or is
intruded by Goodwin Canyon Quartz Monzonite or
Copper Creek Granodiorite. The Pinkard is overlain
disconformably by Williamson Canyon Volecanics and
unconformably by Galiuro Volecanics.

No good section of the Pinkard Formation was
found in the Klondyke quadrangle. The formation,
like the overlying Williamson Canyon Volcanics, is
much disrupted by faults, and exposure for the most
part are poor, so that only very unreliable estimates
of thickness can be made. The best apparently un-
faulted partial section is on the ridges just east of
the Princess Pat mine in sec. 13 (unsurveyed), T. 5
S., R. 19 E., where at least 900 feet of beds is exposed.
A thickness of 900-1,000 feet was estimated along a
north-trending section in the center of the S, sec.
20, T.58S., R. 20 E. Campbell (1904, p. 246) estimates
the thickness of Cretaceous sedimentary rocks in the
Deer Creek basin at 400 to 500 feet, and Ross (1925a,
p. 27) estimates the average thickness of sedimentary
material at 500 feet or more, and notes (p. 26) that
the thickness on the northeast side of Rawhide Moun-
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tain, north of the Klondyke quadrangle and 3 to 4
miles northwest of Lone Cedar Mesa, may be more
than 700 feet.

LITHOLOGY

Very little time was devoted to study of the Pinkard
Formation, and only a brief description of the rocks
will be given.

The Pinkard Formation is made up of a variety of
gray, dark-gray, olive or brown fine- to medium-
grained clastic sedimentary rocks and very subordi-
nate conglomerate and calcareous sandstone. The
principal rock types are lithic graywacke, feldspathic
sandstone and quartzite, and dark siltstone and shale.

The basal part of the section on the high ridge east
of the Iron Cap mine consists mainly of olive to
brown, dirty sandstone, feldspathic quartzite, and
greenish-gray to dark-gray or black shale and finely
layered siltstone. Conglomerate made up of pebbles
of chert and quartzite less than an inch across is a
minor component. In thin section, a nondescript rather
fine grained grayish-olive rock consists of angular to
subrounded grains of quartz 0.1-0.3 mm across, scat-
tered grains of chert, muscovite, and chloritized mafic
minerals, and sparse biotite, iron ore, zircon, apatite,
tourmaline, and sphene. No plagioclase feldspar was
recognized, and staining with sodium cobaltinitrite
revealed no potassium feldspar. The matrix is a
yellowish-brown very fine grained aggregate of mod-
erate birefringence and low refractive index (<1.54),
possibly a clay; much of the matrix may originally
have been shale fragments, but some has no discern-
ible fragmental texture and probably was a fine mud.
The rock is a lithic graywacke but is peculiar in its
apparent total lack of feldspar.

The upper part of the section east of the Princess
Pat mine is composed of greenish-brown massive and
somewhat tuffaceous quartz-rich sandstone, and olive-
colored massive siltstone and sandy siltstone that
weather to tiny fragments. In the first canyon east
of the mine, the formation includes hard white ortho-
quartzite and a bed 10 feet or so thick of red pebble
conglomerate composed of rounded to subrounded
pebbles of red or white quartzite and red or gray
chert in a matrix of red impure quartz sand. Farther
east, just north of the center of sec. 18, T. 5 S., R. 20
E., the section includes fine-grained olive-colored sand-
stone, black shale having a blocky fracture, and light-
gray fine-grained calcareous sandstone.

On the knob shown by closed contour 5450 near
the west center edge of sec. 17, T. 5 S., R. 20 E., the
top of the section is massive well-bedded very light
gray to white quartzite 20 feet thick, overlying brown
blocky shale. These rocks strike northwest and dip
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30°-40° SW. Microscopically, the quartzite consists
of grains of quartz 0.1-0.5 mm across, most of them
in the range 0.2-04 mm. The quartz grains are in-
terlocked, but contacts are only slightly sutured; some
grains have inclusion-crowded cores and clear quartz
overgrowths. They are cemented by a material of
low refractive index that is shown by staining with
sodium cobaltinitrite to be a potassium mineral, prob-
ably feldspar; the presence of potassium feldspar was
suggested but not unequivocally confirmed by X-ray
study. Perhaps 15-20 percent of the rock is cement.
The most satisfactory name for this rock is ortho-
quartzite, but in view of the large amount of feldspar
cement the name feldspathic quartzite or protoquartz-
ite might also be applied.

Rocks exposed at the north edge of the quadrangle
along the ridge near the east side of sec. 17, T. 5 S.,
R. 20 E., are well-bedded grayish-olive siltstone and
pale-olive to dusky-yellow sandstone; these rocks
weather to reddish or brownish hues much darker
than the fresh rock. In thin section, the sandstone
is made up of angular to subangular grains of quartz
and chert that range from 0.1 mm to 0.6 mm across
but are mostly in the range 0.2-0.3 mm. The rock is
estimated to contain about 40 percent quartz and 20
percent chert; the remainder is cement, largely epi-
dote. Blue tourmaline is a scarce detrital mineral.
Quartz grains have irregular scalloped overgrowths
that accentuate the original irregularities. Some
grains are clear, whereas others have lines of minute
inclusions. Although much of the chert is clearly
detrital, a considerable amount is interstitial to quartz
grains and molded around them, indicating that it
formed subsequent to sedimentation. The epidote may
have formed by recrystallization of an aggregate of
calcite, clay, and iron oxide.

A thin section of siltstone from the same locality
reveals angular grains of quartz 0.03-0.12 mm across,
enclosed in a very fine grained pale-yellow matrix
that appears to consist mainly of chloritic shale. Blue
tourmaline and euhedral zircon are sparse accessory
minerals. Quartz grains have overgrowths of quartz
in optical continuity with the parent grain. The rock
is cut by veinlets of a pale-green chlorite of very low
birefringence and negative optic sign, perhaps daph-
nite or aphrosiderite.

Conglomerate crops out in at least two places near
the center of sec. 20, T. 5 S.,, R. 20 E. Near the
saddle 800 feet south of the center of sec. 20, the
conglomerate consists of angular fragments of light-
gray to black chert an inch or less across, in a sandy
matrix of quartz and detrital chert.

At the edge of the quadrangle, in sec. 17, T. 5 S,,

R. 20 E. the Pinkard Formation is intruded by
Goodwin Canyon Quartz Monzonite and converted to
hornfels; the contact crosses the Goodwin Canyon
jeep road about 900 feet southeast of the divide be-
tween the Middle Fork of Goodwin Canyon and
Old Deer Creek.

A mass of light-olive garnetite south of Old Deer

"Creek and on the line between secs. 17 and 18, T. 5 S.,

R. 20 E,, is probably derived from Pinkard Forma-
tion, as no remnants of limestone were found, and
bedding where preserved is suggestive of shale rather
than of limestone. The rock consists entirely of
sugary to fine-grained dense weakly birefringent gar-
net with a refractive index of about 1.865, indicating
a variety having a high proportion of the andradite
molecule (Winchell and Winchell, 1951, p. 485).

A small area in upper Copper Creek basin northeast
of the Bluebird mine is underlain by almost flat-lying
clastic sedimentary rocks correlated tentatively with
the Pinkard Formation. These rocks unconformably
overlie Escabrosa Limestone and are overlain with
apparent conformity by the lower andesite unit of
the Galiuro Volcanics. The most easterly outcrops
are of light-gray altered and chalky crystal tuff, red
interbedded grit, conglomerate, and breccia contain-
ing fragments of quartzite, and at the top, about 25
feet of breccia composed of fragments of quartzite,
chert, and quartz in a ferruginous matrix. Over
most of the area, however, the sequence is made up
of a very poorly sorted basal conglomerate 10-15 feet
thick overlain successively by 40-50 feet of greenish-
gray fine- to coarse-grained hard tuffaceous sandstone,
apparently with some shale in the lower part, and by
thin interbedded grit and cobble or pebble quartzite
conglomerate. These rocks rarely crop out and for
the most part erode to gentle slopes lying between the
resistant Escabrosa Limestone and the Galiuro Vol-
canics. The basal conglomerate is made up of rounded
to subangular boulders as much as 3 feet across of
gray quartzite and subordinate chert in a matrix of
coarse quartz sand. Locally the matrix is a very
dark, almost black, material that contrasts strikingly
with the gray boulders. In places the conglomerate
fills channels cut in jasperoid breccia of the Escabrosa
Limestone. The sandstone weathers brown and con-
tains abundant blackish patches that probably are
plant remains. The upper grit beds are made up of
quartz, feldspar, and rock fragments.

Several small outcrops of clastic sedimentary rocks
in sec. 12, T. 8 S., R. 18 E., are correlated with the
Pinkard(?) Formation on the very tenuous basis of
lithology. The largest outcrop, south of Copper Creek
and just southwest of the old Tew Ranch, consists of
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hard massive white vitreous orthoquartzite in the
lower part, overlain by gray wavy-bedded ortho-
quartzite, light-gray thin-bedded sandstone having
white noncarbonate cement, a biotitic arkosic sand-
stone, and a little tuffaceous sandstone or tuff at the
top of the exposed section. These beds weather brown.
They lie either flat or dip gently northeast. The pres-
ence of arkosic sandstone and tuffaceous rocks sug-
gests correlation with the Pinkard(?) Formation
rather than the Bolsa Quartzite. In other outcrops,
the rocks range in lithology from vitreous ortho-
quartzite to red arkosic sandstone and white pebbly
grit; the beds are from 1 inch to 1 foot thick.

AGE

A small molluscan-coral fauna was collected by S. C.
Creasey, of the U.S. Geological Survey, from a calcare-
ous sandstone bed 12-18 inches thick that crosses the
road to the glory hole of the Iron Cap mine in the
SE%SEY sec. 19, T. 5 S., R. 20 E. This fauna was
reported on by John B. Reeside, Jr., of the U.S. Geo-
logical Survey as follows:

USGS lot 26368 [report M D-56-89]:
Cladophyllia? sp.
“Arca’ (Breviarca) aff. B. depressa (White)
Ostrea sp., fragments
Plicatula sp.
Lucina? sp.
Dosiniopsis n. sp.
Corbula sp.

A supplementary collection from the same locality
made by D. B. Brooks and me was examined by W. A.
Cobban, of the U.S. Geological Survey, who reports as
follows:

This collection is chiefly composed of Dosiniopsis n. sp. and
“Arca’’ (Breviarca) aff. B. depressa (White). All species noted
are the same as those listed by Reeside in MD-56-89.

Another collection by Creasey from near the base of
the formation on the crest of a ridge in the SW%SEY
sec. 20 was reported on by Reeside as follows:

USGS lot 26367: )
Haplostiche texana (Conrad)? -
Cardium? sp.
Tellina? sp.

Reeside comments as follows on the two collections
studied by him:

* % * Lot 26367 has not yielded much information and I have
not assigned it definitely. A single mold of a large foraminifer
suggests Haplostiche texana (Conrad) which would be of Washita
age comparable to that of the Sarten sandstone of New Mexico.
However, a single mold is not reliable and the species usually is
abundant, if present at all.

Lots 26368 and 26369 [the latter locality is not in Klondyke
quadrangle] contain the same faunal assemblage, and in my
judgment C. P. Ross’ published lot [Ross, 1925a, p. 27] belong
to the same assemblage.
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In the two new lots ““Arca’ (Breviarca) aff. B. depressa (White)
is Stanton’s Trigonarca sp. and Dosiniopsis n. sp. is Stanton’s
Callista (Dosiniopsis?) n. sp. These are the abundant forms in
all three lots.

Certain species are lacking here that are found in all the lots
collected farther north and considered distinctive of Colorado
age; likewise really distinetive forms for a Washita age are also
lacking. Nothing in lots 26368 and 26369 would warrant a dis-
tinction between late Early Cretaceous (Washita) and early
Late Cretaceous (Colorado), but the forms in Ross’ lot 11235
called by Stanton Glauconia coalvillensis (Meek), now ecalled
Cassiope coalvillensis, and Ezxogyra laeviuscula Roemer seem to be
correctly identified and are widespread in the Colorado group.
I would accept them as indicating an early Colorado age for the
whole fossil assemblage.

Fossils collected by Lindgren from a calcareous sand-
stone of the Pinkard Formation 2.5 miles south-south-
west of Morenci were reported on by T. W. Stanton as
follows (Lindgren, 1905a, p. 74):

Mactra sp. related to M. warrenana M. & H.
Corbula sp.

Cardium sp.

Astarte? sp.

Cyrena? sp.

Turritella sp.

Dentaltum sp.

Glauconia coalvillensis Meek

Pugnellus fusiformis Meek

The last two species are characteristic forms of the Colorado
group, which elsewhere are known only in the upper part of the
Fort Benton formation and its equivalents.

Fossils collected by Ross in Garden Gulch in the
Stanley region about 5 miles northwest of lot 26368 of
this report were determined by Stanton as follows
(Ross, 1925a, p. 27):

Ezogyra sp. related to E. laeviuscula Roemer

Trigonarca sp. related to and possibly identical with 7.
depressa (White).

Callista (Dosiniopsis?) n. sp.

Glauconia coalvillensis (Meek)

Turritella sp.

Undetermined gastropods belonging to one or two other
genera.

These fossils belong to an Upper Cretaceous fauna of Colorado
group age found in the lower part of the Mancos shale in north-
western New Mexico and southeastern Utah. Arizona collec-
tions representing about the same horizon have been received
from the vicinity of Morenci * * *

There seems to be little doubt that the Pinkard
Formation of the Morenci region and the rocks in
Garden Gulch northwest of Stanley Mountain are of
about the same age; inasmuch as Ross shows these rocks
to extend without break from Garden Gulch southeast-
ward into the Klondyke quadrangle, the equivalent age
of the Klondyke rocks also appears to be established,
even though no fossils distinctive of Colorado Group
age have been found in them to date.
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MESOZOIC AND CENOZOIC ERAS
GLORY HOLE VOLCANICS

A thick nearly flat-lying sequence of volcanic and
metavolcanic rocks that crops out in the southwest
corner of the quadrangle northwest of Copper Creek
is here named Glory Hole Volcanics, after the Glory
Hole mine in the S1% sec. 3, T. 8 S., R. 18 E. These
rocks occupy an area of slightly more than 8 square
miles, or a little more than 1 percent of the quad-
rangle.

The base of the formation is exposed at only one
place (N1, sec. 2, T. 8 S., R. 18 E.), and the total
thickness is not known. A section about 1,500 feet
thick is exposed on the south flank of the Galiuro
Mountains northwest of Copper Creek in secs. 34 and
35, T. 7 S., and secs. 2 and 3, T. 8 S., both R. 18 E.,
and at least 700 feet of volcanic rocks is exposed in
Dry Camp Canyon at the west edge of the quadrangle.
The rocks for the most part are inclined at less than
10°, although locally the dip may attain 15° to 20°.

The Glory Hole Volcanics are overlain by the
Galiuro Volcanics along a contact that lies at alti-
tudes of from 4,950 feet at the head of Dry Camp
Canyon to 5,100 feet at the west edge of the quad-
rangle and 5,350 feet at its most southeasterly point
and that attains a maximum altitude of 5,650 feet
near the center east edge of sec. 3¢. The contact
appears to be conformable, or at most disconformable,
at its southeast end and also at places in Dry Camp
Canyon, whereas elsewhere, such as at the west edge
of the quadrangle or on the high ridge between Dry
Camp Canyon and Copper Creek, it is unconformable.
The local apparently conformable nature of this con-
tact is unexpected in view of the fact that the Glory
Hole Volcanics are older than, and are intruded by,
Copper Creek Granodiorite, whereas the Galiuro
Volcanics are younger than the granodiorite and rest
unconformably on it; the contact must represent time
sufficient to have permitted the unroofing of the Cop-
per Creek pluton in addition to an unknown but pre-
sumably appreciable amount of erosion of the pluton
itself.

LITHOLOGY

The Glory Hole Volcanics comprise a rather drab
and heterogeneous group of tuffs, welded tuffs, brec-
cias, lavas, and flow breccias probably dominantly
of andesitic or dacitic composition. Pyroclastic rocks
are much more abundant than lavas or flow breccias,
particularly in the lower part of the section. Colors
are mostly light to medium gray, brown, grayish
purple, or purple. Although a few layers are re-
sistant enough to be cliff formers, the formation in
general is less resistant than the overlying Galiuro
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Volcanics and forms steep- slopes only where pro-
tected by the younger rocks. In general the forma-
tion seems to be poor in mafic minerals; a little
altered biotite and hornblende(?) were recognized in
thin sections, and one flow of hornblende andesite
crops out in Dry Camp Canyon, but in most rocks
the mafic constituents are very scarce and are so com-
pletely altered that identification is impossible.

The section of Glory Hole Volcanics exposed on
the long ridge in the El4 sec. 34, T. 7 S., and sec.
3, T. 8 S,, both R. 18 E., is nearly 1,500 feet thick
and is made up generally of a lower dominantly pyro-
clastic section and an upper section dominantly of
lavas and flow breccias. A suite of specimens col-
lected along this ridge comprises the following rocks,
in ascending stratigraphic order:

1. Rhyodacite or quartz latite(?) welded tuff. A
red-purple (5FP 3/2) rather coarsely fragmental
rock having euhedral crystals of plagioclase feld-
spar as much as 5 mm across and sparse slightly
smaller rounded grains of quartz, together with
abundant fragments of various dark-colored rocks
and light-colored pumice(?) as much as a centi-
meter across, set in a dense stony matrix. In thin
section, the plagioclase grains are sericitized and
seem to be about Angpg in composition. Mafic
material includes a little biotite and many inde-
terminate aggregates of alteration products having
rims of iron oxide. Lithic fragments are of biotite-
quartz granulite and quartz-muscovite schist, both
presumably derived from the Pinal Schist. Frag-
ments thought to have been pumice are completely
devitrified and are almost indistinguishable from
the matrix; some are partly replaced by carbonate.
The matrix is also completely devitrified to an
aggregate somewhat finer-grained than that making
up the former pumice fragments. Bent and flat-
tened shards are still visible in plain light. Rami-
fying veinlets of carbonate and quartz cut the rock.
Staining with sodium cobaltinitrite shows that
potassium minerals are abundant in the matrix. In
the field this rock has the dense tough aspect char-
acteristic of hornfels, and was believed to have been
mildly metamorphosed by Copper Creek Grano-
diorite, which crops out half a mile south and east;
however, the only corroboratory microscopic evi-
dence is the very fine-grained granular appearance
of the devitrification products, which in unmeta-
morphosed rocks are commonly poorly defined and
show a patchy birefringence.

2. Light- to greenish-gray solidly welded dacite(?)
tuff or breccia, having millimeter-size grains of
plagioclase feldspar, quartz, and altered biotite(?),
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and dark-colored lithic fragments as much as =
centimeter across. The matrix, as well as some
greenish lenticular fragments that possibly were
pumice, is completely devitrified, and no fragmen-
tal texture is visible in hand specimen. This rock
is typical of a section of tuff and breccia about 600
feet thick, between altitudes 4,400 and 5,000 feet.
. Pale red-purple rhyodacite or quartz latite(?)
welded tuff, uppermost part of the section described
in (2) above. Millimeter-size grains of plagioclase
feldspar, iron ore, and sparse quartz, abundant
angular fragments of medium- to dark-gray vol-
canic rock, and numerous white to rusty-colored
flattened pumice lapilli are set in a pale-red promi-
nently layered stony matrix. Under the microscope
the fragmental nature of the matrix is seen to be
clearly preserved. Shards are flattened and bent
around coarse components and are only partly de-
vitrified. Pumice lapilli are partly flattened and
are more devitrified than the matrix. In addition
to crystals of sericitized plagioclase feldspar
(Ang.0) and fragments of quartz, there are sparse
subhedral aggregates of chlorite having narrow
rims of solid black iron oxide, whose cross section
suggests that they probably are completely altered
hornblende. Iron ore grains are mainly in the
accidental fragments. Staining with sodium co-
baltinitrite shows appreciable amounts of potassium
minerals in the matrix.
4. Coarse-grained massive cliff-forming tuff or breccia
having abundant lapilli of grayish-green pumice
and less abundant whitish lithic fragments enclosed
in a pale-red vitric-crystal matrix. Altitude about
5,100 feet. In thin section, the matrix consists of
very fine grained dusty devitrified glass, apparently
containing a high proportion of quartz. The only
crystal components are grains of highly sericitic
plagioclase feldspar (Ang;o) and clots 1-2 mm
across of epidote and carbonate; some of these clots
replace feldspar, whereas other curved or irregular
aggregates appear to have replaced pumice. Some
of the pumice fragments contain plagioclase feld-
spar microlites. The lithic fragments are sericitic
pilotaxitic volcanic rock. Staining with sodium
cobaltinitrite reveals only small amounts of potas-
sium minerals in the matrix. The rock probably is
within the range rhyodacite-dacite. Half a mile
farther east this rock is represented by a grayish-pink
somewhat more crystal-rich -cliff-forming vitric
lapilli tuff. This tuff attains a maximum thickness
of perhaps 150-200 feet and wedges out to the east
below the Galiuro Volcanics. It is partly welded,
and the brown pumice lapilli are notably flattened.

In thin section, crystals or fragments 0.5-1.5 mm
across of altered plagioclase feldspar (Ange.ss) and
sparse quartz, apatite, and bleached biotite, together
with pumice lapilli and a few lithic fragments are
embedded in a very fine grained aggregate of
granular thoroughly devitrified glass. The ground-
mass shards are visible in reflected light, and some
are very dusty and show up also in transmitted
light. Pumice lapilli are vaguely outlined and are
almost indistinguishable from the matrix. Lithic
fragments are of quartz-muscovite schist undoubt-
edly derived from the Pinal Schist. Plagioclase
grains are altered to sericite and epidote, and epi-
dote also forms rosettes as much as 0.5 mm across
in the matrix. Staining with sodium cobaltinitrite
shows that the fine-grained matrix contains an ap-
preciable proportion of potassium minerals. This
rock seems to be a rhyodacite, or possibly a quartz
latite.

5. Massive greenish-gray flow breccias, about 300 feet
thick. At an altitude of 5,250 feet this flow breccia
is cut by a pale yellowish-brown very fine grained
vertical dike 15-20 feet wide that strikes N. 55° E.
and has a very restricted strike length.

6. Yellowish-gray to white cliff-forming fine-grained
vitric quartz latite(?) tuff about 20 feet thick. Alti-
tude 5,400 feet. This rock consists almost entirely
of very fine grained patchily devitrified glass and
some darker dusty and less devitrified areas. Quartz
is an abundant devitrification product. There are
a few feldspar microlites less than 0.1 mm long,
most and probably all of which are plagioclase.
Although no potassium mineral was recognized, as
much as 25-50 percent of the slide is stained yellow
by sodium cobaltinitrite.

7. Medium-gray andesite(?) lava flow breccia, con-
tains sparse phenocrysts of pinkish plagioclase feld-
spar, approximately 100 feet thick. The microscope
reveals a few phenocrysts of plagioclase feldspar
0.5-2 mm long set in a pilotaxitic groundmass of
sericitic plagioclase laths (about Ang?) 0.1-0.3 mm
long, iron oxide granules, and very fine grained
colorless interstitial material, probably devitrified
glass together with a very little potassium mineral
revealed by sodium cobaltinitrite stain. The feld-
spar phenocrysts are thoroughly altered to epidote
and sericite and appear to be in the compositional
range Anjo.o; some aggregates of epidote probably
are pseudomorphs after feldspar.

At the top of the section in Dry Camp Canyon, in
the center of the SE1/ sec. 27, T. 7 S., R. 18 E., is a
grayish-red (10R 4/2) well-bedded hard vitric-lithic
dacite(?) welded tuff-breccia containing abundant
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rock fragments and phenocrysts of quartz and feld-
spar set in a dense stony groundmass of devitrified
glass shards and pumice fragments. A crude colum-
nar jointing is discernible. The top of this bed is a
surface of erosion beneath the Galiuro Volcanics. In
thin section, millimeter-size subhedral crystals and
fragments of dusty sericitic plagioclase feldspar
(Ang.30) and sparse quartz, as well as fragments of
volcanic rock, quartz-muscovite schist, and devitrified
pumice, are enclosed in a very fine grained frag-
mental matrix of brownish to yellowish devitrified
glass having a refractive index less than 1.54. Shards
are bent and crushed and only faintly visible. Pumice
fragments contain small feldspar phenocrysts and
numerous tiny pods of quartz that may be fillings of
former bubbles. The composition of this tuff pre-
sumably is somewhere near dacite. Beneath the tuff,
and extending to the bottom of the canyon some 300
feet below, are light-gray breccias made up of angular
to subrounded fragments 0.5-10 cm across of red,
gray, or purple volcanic rocks in a fine-grained matrix
of whitish devitrified glass.

The easternmost outcrops at the head of Dry Camp
Canyon are a breccia made up of fragments several
centimeters across of light-gray fine-grained platy sili-
cic lava in a fine-grained gray stony matrix. Farther
west along the canyon the rocks are dominantly light
colored—light gray to yellowish brown—tufts, brec-
cias, and welded tuffs, usually containing phenocrysts
of plagioclase feldspar and commonly containing
sparse quartz grains also.
one flow of greenish-gray hornblende andesite similar
to that of the Williamson Canyon Volcanics; the rock
has prisms of fresh hornblende as much as 5 mm long
and smaller grains of greenish altered plagioclase
feldspar.

To the northwest, on the 5,100-foot nose in the
center of the SW1, sec. 27, the top of the formation
is a white to yellowish-gray thin-bedded partly welded
vitric tuff containing only a few lithic fragments.

On the top of hill 5170, in the NW1; sec. 34, T. 7
S., R. 18 E., the formation includes thick-bedded
silicic breccia having very fine grained porous and
glassy matrix. Breccia fragments average less than
an inch across, but some are as large as 8-10 inches
across. In the canyon to the west the rocks are con-
verted to dark dense hornfels near a small body of
gray Copper Creek Granodiorite; phenocrysts are
still visible in the hornfels. At the junction of this
gully and Dry Camp Canyon, however, the rocks are
only slightly altered; they include nondescript light-
gray to light-violet fine-grained porphyritic volcanics,
possibly tuffs, and sheared porphyritic andesite flow

However, there is at least’

breccia eontaining abundant irregular pods of epidote.
The shears trend about N. 30° E. and dip 50° SE.

ALTBRATION OF GLORY HOLE VOLCANICS

Over an area approximately coincident with the
rock shown as hornfels on the geologic map, the Glory
Hole Volcanies, and the small bodies of Copper Creek
Granodiorite that intrude them, are cut by a series
of fractures along many of which are narrow zones
of bleaching and alteration. Most of the fractures
trend within 20° of east. These alteration zones are
conspicuously lighter in color than their host rocks
and at first glance resemble silicic dikes. They range
in width from a few inches to 15 feet, but generally
are 1-3 feet wide. The longest is perhaps 1,000 feet,
but most can be traced only a few hundred feet. The
bleached zones curve, split, and join each other to
produce an anastomosing outcrop pattern.

The rocks along the canyon in the southwest corner
of the quadrangle have been bleached extensively at
intervals between the mouth of the canyon and the
line between secs. 10 and 3, T. 8 S., R. 18 E. Some
areas of bleaching are several hundred feet wide
along the canyon bottom. Farther north, the altera-
tion zones are more widely spaced and are narrow,
and at less than a thousand feet north from the same
section line, the volcanic rocks are practically un-
altered.

The bleached zones extend to uneven distances from
their parent fractures, and at their outer edges show
gradational contacts with the darker hornfels. Some
bleached rock forms irregular lenses having abrupt
terminations. All stages of bleaching are shown rang-
ing from incipient, in which dark lenses, squares, or
triangles of parent rock are left between a network
of narrow bleached fractures, to complete, in which
no dark rock is left. The texture of the host rock
may be preserved vaguely, or alteration may be so
intense that no original texture survives.

The bleached rock of the alteration zones is made
up mostly of fine-grained quartz and sericite. Pyrite
is disseminated along some of the zones, and jarosite
presumably derived from pyrite forms conspicuous
yellow spots in a few. Some of the sericite is in
grains visible with a hand lens, but most is in micro-
scopic scales only 0.01-0.02 mm across. Quartz is
somewhat coarser, but the largest grains are generally
less than 0.2 mm across.

Along several alteration zones, and also associated
with several breccia pipes (see p. 27), are small bodies
of brownish porphyritic rock that does not closely
resemble Copper Creek Granodiorite; these rocks are
so altered that their nature is uncertain, but they
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much as 40-50 feet thick and has an outcrop length
of nearly half a mile.

VOLCANIC MEMBER

Rocks of the volcanic member are predominantly
dark—gray, greenish gray, red, or purple—fine-
grained or sparsely porphyritic vesicular or amygda-
loidal basalt or andesite flows and flow breccias.
Pyroclastic units, some of which are as silicic as
rhyodacite, are very subordinate. All the rocks ap-
pear to be altered to a considerable extent, and many
are characterized by abundant amygdules and vein-
lets of epidote. Some flows have scoriaceous tops.

A typical representative is a grayish red-purple to
very dusky red purple dense fine-grained flow breccia
with abundant dark-red flecks of altered olivine.
Microscopically the rock contains euhedral pheno-
crysts 0.5-1.5 mm across of olivine in a trachytic
groundmass of oligoclase microlites 0.15-0.2 mm long,
iron oxide dust, pyroxene granules, a little brown
biotite, and abundant devitrified glass. The olivine is
completely altered to iron oxide, serpentine, carbo-
nate, and “bowlingite,” and feldspar microlites are
partly altered to carbonate.

A very similar-appearing rock from the top of the
section in the gulch southeast of the Silver Coin
mine is a very dusky red purple dense lava containing
sparse feldspar phenocrysts 1-4 mm across. Under
the microscope this rock is seen to contain euhedral
sanidine grains, some prismatic aggregates of opaque
material 0.5-1 mm long that probably were pyroxene,
and sparse plagioclase feldspar in a groundmass of
very dusty partly devitrified glass having a refractive
index less than 1.54. Quartz forms veinlets in the
groundmass. The rock is presumably a latite or
trachyte.

A rock from about 500 feet above the base of the
member in the south branch of Klondyke Wash above
the Silver Coin mine is a medium-gray very fine-
grained lava having a faint pinkish cast, in which
only sparse small grains of feldspar can be recognized
in hand specimen. In thin section, the rock consists
almost entirely of a trachytic mass of sericitized and
saussuritized plagioclase feldspar, mostly in grains
0.1 mm or less across. Scattered through the rock
are globular clusters of opaque material that con-
ceivably could have been olivine, as well as a few
small crystals of clinopyroxene. Accessory minerals
include epidote in narrow veinlets and small ellip-
soidal pods, and iron ore. This rock is too altered
to be named satisfactorily, but it might have been an
olivine basalt.
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AGE

The age of the Buford Canyon Formation is not
known with even the accuracy of a geologic era. The
formation rests on the early Precambrian Pinal Schist,
is faulted against Horse Mountain Volcanics at one
place in Klondyke Wash, is overlain by older alluvium
of Pliocene or Pleistocene age, and appears to be
unfossiliferous. Presumably it is of Mesozoic and
Cenozoic age, since no similar rocks are found in the
Paleozoic sequence anywhere in southeastern Arizona.
Correlations of the conglomerate member with the
conglomerate at the base of the Horse Mountain Vol-
canics, and correspondingly, of the volcanic member
with the Horse Mountain Volcanics, certainly suggest
themselves, but seem rather unlikely for the following
reasons:

1. The conglomerate member of the Buford Canyon
consists almost entirely of Precambrian rocks and
rests directly on Pinal Schist, whereas the basal
conglomerate of the Horse Mountain Volcanics con-
tains fragments of younger rocks, particularly lime-
stone, and rests on Paleozoic and Mesozoic rocks.

2. The conglomerate member of the Buford Canyon
contains interstratified lava flows and pyroclastic
rocks, whereas the conglomerate of the Horse
Mountain does not.

8. The Buford Canyon Formation generally dips
more steeply than 85°, commonly 55°-60°, whereas
the beds of the Horse Mountain, except in the
vicinity of Horse Mountain itself, commonly dip
less than 35°.

4. The volcanic rocks of the Buford Canyon Forma-
tion are dominantly andesitic or basaltic and seem
to be much more altered than the Horse Mountain
Volcanics, which are dominantly silicic. Further-
more, they do not include the coarse porphyritic
(“turkey-track”; see p. 50) andesite that commonly
is at or near the base of the Horse Mountain Vol-

canics.

Similar considerations apply to a possible correla-
tion between the Buford Canyon Formation and the
Galiuro Volcanics. The lower andesite unit of the
Galiuro Volcanics resembles to some extent the vol-
canic member of the Buford Canyon, but rocks of the
latter are much more altered, dip much more steeply,
and are associated with thick conglomerates, which
are lacking in the Galiuro Volcanics.

The Buford Canyon Formation is cut by the Quartz
Hill fault (p. 106), which in turn appears to end
against Santa Teresa Granite. In addition, the
Buford Canyon Formation is cut by several dikes
probably consanguineous with the granite. The for-
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mation therefore is very likely older than the Santa
Teresa Granite.

Ross (1925a) groups the Buford Canyon rocks with
the volcanic rocks of Stanley Butte, north of the
Klondyke quadrangle (the Horse Mountain volcanics
of this report, in part), and suggests a possible Mio-
cene age. I believe, on the admittedly very tenuous
grounds outlined above, that the Buford Canyon
rocks are older than either the Horse Mountain Vol-
canics or the Galiuro Volcanics.

No lithologic or stratigraphic basis could be estab-
lished for correlating the Buford Canyon rocks with
the Williamson Canyon Voleanics, which crop out
10 miles north-northwest; the latter are predomi-
nantly nondescript massive and practically feature-
less andesitic agglomerates, tuffs, and flow breccias
that do not resemble in any way the volecanic rocks
of the Buford Canyon Formation. However, it seems
at least possible that the two sequences are approxi-
mately the same age.

CRETACEOUS OR TERTIARY SYSTEMS
WILLIAMSON CANYON VOLCANICS

A sequence of rather nondescript andesitic2? or
dacitic volecanic rocks crops out northeast of Horse
Ridge and along the divide between Williamson Can-
yon and Old Deer Creek. These rocks are here
named Williamson Canyon Volcanics. They occupy
an area of less than 2 square miles, or less than 1
percent of the quadrangle.

The Williamson Canyon Volcanics are in general
massive and practically devoid of flow layering or
bedding, so that attitudes commonly are difficult or
impossible to measure and the thickness of the forma-
tion is not known accurately. The base of the for-
mation is well exposed in Old Deer Creek about 2,000
feet east of the Princess Pat mine (NW14 sec. 13
(unsurveyed), T. 5 S., R. 19 E.) where it dips about
45° S. The dip seems to be nearly the same for
about 1,500 feet to the south. If the dip is assumed
to be uniform between the base of the formation
and the base of the Horse Mountain Volcanics on
Horse Ridge, then the thickness of the Williamson
Canyon Volcanics at this locality would be about
2,500 feet. Farther east, the base of the formation
is not well exposed but appears to range in dip from
20° to 50° S. and SW.; outcrop widths across the
strike are more than half a mile, but exposures are so
poor and reliable attitudes so scarce that no estimate
of thickness was feasible. It seems likely, however,
that the formation is at least 2,500 feet thick, and it

2 Although a few chemieal analyses of the Horse Mountain and

Galiuro Volcanics are available, most of the rock names used in this and
succeeding sections on voleanic rocks are based on study of thin sections.

might be as much as 3,000 feet thick. Campbell (1904,
p. 246-247) reports that possibly as much as 1,000
feet of andesite overlies Cretaceous sedimentary rocks
in the Deer Creek coal basin northwest of the Klon-
dyke quadrangle. Ross (1925a, p. 26-27) does not
give any specific figure for the thickness of Cretaceous
voleanic rocks but implies that perhaps as much as
1,000 feet of volcanics is present in the Aravaipa-
Stanley region. Courtright (1958) reports that about
2,000 feet of clastic breccia and conglomerate overlies
Upper Cretaceous sedimentary rocks 2 miles south-
east of Stanley.

Wherever the base is exposed or its depositional
character can be surmised, the Williamson Canyon
Voleanics overlie the Pinkard Formation. The con-
tact exposed just north of the quadrangle boundary,
in the gulch along which the road from U.S. Highway
60 to the Princess Pat mine enters Old Deer Creek,
appears disconformable. The base of the volcanics
is a conglomerate 10-12 feet thick and made up of
rounded to subrounded boulders as much as 18 inches
across of red, gray, or white quartzite and subordi-
nate gabbro, red granite, and Horquilla Limestone
in a well-indurated -matrix of coarse-grained tuff-
breccia. The conglomerate dips about 25° N., and
overlies a thick gray quartzite of the Pinkard For-
mation. A second outcrop of conglomerate 200 feet
farther south is probably the same bed repeated by
either a fault or a fold; the exposures are inadequate
to permit a choice between these alternatives. Similar
conglomerate appears in the south wall of Old Deer
Creek opposite the mouth of this gulch, where it dips
35° W. and rests on gray quartzite, and about 4,000
feet farther east in Old Deer Creek, where it consists
of rounded boulders as much as 18 inches across of
quartzite, granitoid rocks, Horquilla Limestone, and
gneiss in a matrix of gray tuff.

North of the trail junction in the center of the N1p
sec. 20, T. 5 S., R. 20 E., boulders of calcareous sand-
stone containing a few very poorly preserved molluscs
may have been weathered from a conglomerate at the
base of the volcanics, but no outcrop was found.
Northeast of the Iron Cap mine the base of the for-
mation is difficult to map because of local interlayer-
ing of volcanic rocks and sandstone containing
rounded fragments of drab volcanic material; the
volcanic rocks appear to rest conformably or, at most,
disconformably on sandstone.

Coarse-grained conglomerate composed largely of
boulders of granite, and limestone and quartzite of
Paleozoic age is reported by Campbell (1904, p. 247)
to mark a zone of transition from sedimentary to
voleanic rocks in the Deer Creek coal field and else-
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where; and Ross (1925a, p. 25-26) also notes con-
glomerate beds, apparently largely within the sedi-
mentary sequence.

Courtright (1958) found a conglomerate composed
largely of well-rounded quartzite cobbles at the base
of his clastic breccia and conglomerate section in
Hawk Canyon 4 miles west of Stanley.

In general, then, the basal contact of the William-
son Canyon Volcanics appears to be a disconformity,
but so few structural data are available on either the
volcanics or the underlying sedimentary sequence
that the nature of the contact is certainly not estab-
lished unequivocally. Campbell (1904, p. 246-247)
states that sedimentary and volcanic material are in-
terstratified locally in the Deer Creek coal field,
apparently for the most part within the transition
zone between sedimentary and volcanic rocks, and
Ross (1925a, p. 25) reports lava near the base of the
sedimentary sequence but does not give precise locali-
ties. Except in the vicinity of the Iron Cap mine, no
transition zone or interlayering of volcanic and sedi-
mentary rocks was recognized in the Klondyke quad-
rangle, nor did Courtright (1958) recognize any
sedimentary beds lithogically comparable to the Up-
per Cretaceous rocks within his overlying -clastic
breccia-conglomerate sequence in the Stanley region
a few miles north.

The Williamson Canyon Volcanics are overlain un-
conformably by Horse Mountain Volcanics from the
north edge of the quadrangle southeastward for about
2 miles; farther east the contact is a fault. In Old
Deer Creek the strike of the Williamson Canyoun
Volcanics is at an angle of 65°-70° with that of the
Horse Mountain Volcanics.

LITHOLOGY

The Williamson Canyon Volcanics are mainly
green, gray, or grayish-purple massive and rather
featureless pyroclastic rocks—agglomerates, tuffs, tuff-
breccias, and so forth—containing subordinate lava
flows and flow breccias. The lavas are porphyritic
but seldom show large feldspar crystals, the most
prominent phenocrystic mineral being hornblende.
Planar structures such as flow layering, bedding, or
intraformational contacts are inconspicuous or lack-
ing. Although the rocks are generally well indurated,
they weather to rather subdued low rounded outcrops.
Weathered surfaces are commonly brown to yellow,
and are much lighter colored than fresh surfaces.
The fragmental nature of many of the rocks is not
immediately apparent in many outcrops owing to the
lithologic similarity of fragments and matrix as well
as to indistinct boundaries between them. The Wil-
liamson Canyon Volcanics differ considerably in
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appearance from the overlying Horse Mountain Vol-

canics and are characterized by sizable fresh pheno-

crysts of hornblende, a mineral almost entirely lack-
ing in the younger rocks.

The best exposures of the Williamson Canyon rocks
are along the ridge north of the Iron Cap mine, in
the E14 sec. 19, T. 5 S., R. 20 E. The section appears
to be dipping 55°-65° NNE., and includes the fol-
lowing rocks, in ascending stratigraphic order:

1. Medium-gray to grayish red-purple hornblende
latite containing prominent pink grains of potas-
sium feldspar as much as 5 mm across.

2. Dusky yellow-green fine-grained well-sorted crystal
tuff. In thin section, about 40 to 50 percent of this
rock consists of euhedral crystals and fragments
of altered plagioclase feldspar 0.2-2 mm long and
a few small aggregates of chlorite, sphene, and
magnetite, possibly the remains of biotite. The
matrix material is a nondescript dusty fine-grained
assemblage of chlorite, epidote, and feldspar; stain-
ing with sodium cobaltinitrite reveals considerable
potassium-bearing material in the matrix. Plagio-
clase is thoroughly altered to sericite and epidote,
or is replaced pseudomorphically by earbonate or
carbonate and epidote; these latter minerals also
form veinlets.

8. Grayish-red to dark greenish-gray agglomerate
composed of angular to subrounded fragments as
much as several inches across embedded in a coarse
well-indurated matrix of crystal-lithic hornblende
andesite or latite tuff. This rock type is dominant
in the section.

4, Medium-gray porphyritic hornblende andesite or

dacite that weathers to a pale yellowish brown.
This rock has prisms of hornblende as much as 6-7
mm long set in a stony matrix. Under the
microscope, euhedral phenocrysts of altered pla-
gioclase feldspar 0.2-1 mm across, euhedral prisms
of hornblende, and abundant small grains of
clinopyroxene are set in a groundmass of dusty
devitrified glass. Accessory minerals include abun-
dant iron ore, a little apatite, and sparse
carbonate. Plagioclase shows strong oscillatory
zoning through a range Ang.x; the cores are con-
siderably altered to a fine-grained material of
moderate birefringence and refractive index near
1.56, possibly hydromica. Hornblende is a green-
ish-brown variety containing inclusions of pyrox-
ene, feldspar, and apatite, and prominent narrow
rims of opaque iron oxide granules. The extine-
tion angle ZAc=12°-14° and the pleochroism is
X =pale greenish yellow to nearly colorless; Z=
light greenish brown to brownish green. The
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pyroxene is a colorless augite having an extinction

angle ZAc¢=42°-44°; lamellar twins parallel to 100

are common. The groundmass contains considerable

quartz, and staining with sodium cobaltinitrite reveals

a little potassium feldspar as well; the aggregate re-

fractive index of the groundmass is less than 1.54.
5. Dark-gray dense fine-grained andesite in which

only sparse small grains of feldspar and greenish
clots of pyroxene are identifiable in hand specimen.
Microscopically, the rock has an amygdaloidal por-
phyritic texture and a pilotaxitic groundmass.
Phenocrysts as much as 2 mm across of highly
altered plagioclase feldspar, much-altered smaller
grains of pyroxene(?) almost completely replaced
by carbonate, and aggregates of iron-ore granules
are enclosed in a mesh of oligoclase microlites.
Amygdules have rinds of carbonate and cores of
extremely fine grained chlorite. The plagioclase
phenocrysts are so completely altered to carbonate,
chlorite, and clay as to be indeterminable. Quartz
occurs in the groundmass as a secondary mineral
associated with carbonates and chlorite. A little
potassium-bearing material in the groundmass be-
comes visible after staining with sodium cobalt-
initrite.

The section of Williamson Canyon Volcanics ex-
posed along the gully just east of the line between
secs. 19 and 20, T. 5 S., R. 20 E., is 450-500 feet thick
and includes the following rocks, from bottom to
top: gray to brown rather nondescript lava, flow
breccia, and tuff; dark greenish-gray porphyritic
hornblende andesite containing prominent phenocrysts
of fresh hornblende as much as 5 mm long and smaller
grains of plagioclase feldspar in a fine-grained mat-
rix; light olive-gray fine-grained tuff or siltstone
and grayish yellow-green crystal-vitric tuff; nonde-
script khaki-colored tuff; typical dark-colored ag-
glomerate having a tuffaceous matrix; dark-gray
porphyritic pyroxene andesite; purple to brownish-
green coarsely porphyritic andesite; and a little dark
greenish-gray to dark-gray porphyritic pyroxene
andesite flow breccia that weathers yellowish gray.

On the divide at the head of Williamson Canyon,
a lens 2-3 feet thick of pebble conglomerate or breccia
is intercalated in greenish-gray tuff. The conglom-
erate is composed largely of fragments of a fine-
grained silicic voleanic rock. It provides one of the
very few reliable measurements of attitude found in
the formation.

The rock underlying the small patches of older
alluvium in the W14 sec. 19, T. 5 S., R. 20 E.,, is
greenish to purplish or purplish-gray agglomerate and

flow breccia. The matrix of one of the flow breccias is
a very dusky red-purple fine-grained rock in which
small phenocrysts of plagioclase feldspar and horn-
blende can be identified with a hand lens. The rock
also has numerous small irregular patches of a pecu-
liar blue-green apparently amorphous material. In
thin section, the matrix rock is a fine-grained amygda-
loidal porphyritic andesite(?) containing phenocrysts
0.5-1 mm long of altered plagioclase feldspar, yellow
to greenish-brown hornblende, and clinopyroxene, set
in a very fine grained and dusty pilotaxitic ground-
mass of tiny oligoclase-andesine laths. Amygdules
are of very fine grained greenish to brownish material
(chlorite?) and carbonate, together with a little epi-
dote. The plagioclase phenocrysts are about Anso.s
in composition and have thoroughly argillized cores
and fresh rims. Hornblende has conspicuous narrow
granular rims of opaque iron oxide.

In sec. 18, T. 5 S., R. 20 E., three small bodies of
limestone crop out in a terrane of volcanic and sedi-
mentary rocks of the Williamson Canyon and Pink-
ard. The most westerly of these, near the west edge
of sec. 18, is a lenticular body about 300 feet long and
100 feet in maximum width that trends N. 60°-65°
W. It is made up of somewhat brecciated and silici-
fied cherty foraminiferal Horquilla Limestone that
strikes N. 20°-30° W., and is vertical. The limestone
is along a steeply dipping contact between William-
son Canyon Volcanics to the south and Pinkard For-
mation to the north. The two limestone bodies to the
east are somewhat smaller and trend about north.
The more easterly is a downward-tapering lens of
Horquilla Limestone about 200 feet long that appears
to be entirely bounded by faults. The other limestone
lens also seems to be bounded by faults; however, at
both places, poor exposures and heavy brush make it
difficult to determine the exact relations.

No satisfactory explanation of these limestone
lenses has occurred to me. They all are at or near
the contact between the Williamson Canyon Volcanics
and the Pinkard Formation and could conceivably be
landslide blocks that originally lay at or near the base
of the volcanic rocks and subsequently have been in-
volved in, or even may have localized, minor faulting;
that Horquilla Limestone was exposed at the outset
of deposition of the volcanics is attested by sizable
rounded boulders of that limestone in the basal con-
glomerate of the volcanic sequence. It seems most
unlikely that the limestone bodies were brought into
their present positions as slices along high-angle
faults. The depth to Horquilla Limestone underlying
the Pinkard Formation is not known but may well
be as much as 1,000 feet; on the other hand, the faults
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bounding the easternmost limestone lenses seem to
have displacements of, at most, a few hundred feet,
and the westernmost lens provides little evidence of
faulting of any appreciable magnitude. Similar
bodies of limestone crop out along and near the south
end of the line between secs. 19 and 20, T. 5 S., R. 20
E., but here a fault of large magnitude separates the
volcanics from the Pinkard Formation, and the Hor-
quilla Limestone must be very close to the surface;
nevertheless, these bodies too could possibly be land-
slide blocks at the base of the volcanics. It also seems
most unlikely that the limestone lenses are the rem-
nants of a now almost completely eroded thrust sheet;
thrust faulting would have taken place during an
interval between deposition of the Pinkard Formation
and the Williamson Canyon Volcanics, yet nowhere
in the Klondyke quadrangle nor elsewhere to the
north or northwest is there any good evidence of a
major structural break between these two formations.

In summary, the origin of these limestone lenses is
conjectural, but their common occurrence at or very
near the same stratigraphic horizon—the base of the
Williamson Canyon Volcanics—lends at least some
support to the idea that they are of landslide origin.

AGE AND CORRELATION

No fossils have been found in the Williamson Can-
yon Volcanics nor have any absolute age determina-
tions been made. The formation rests disconformably
on sedimentary rocks of early Late Cretaceous age
and is overlain unconformably by the Horse Mountain
Volcanics, whose basal rocks, at least, are believed
with some reservations to be of Late(?) Cretaceous
or Tertiary age. The formation therefore may be of
Late Cretaceous age or younger.

The tuff and breccia mapped by Ransome in the
southeast corner of the Ray quadrangle just south-
west of Christmas and assigned by him to the upper-
most Cretaceous (Ransome, 1919, p. 56-57) are dark-
green or reddish- gray epidotized pyroxene andesites.
Except for the predominance of pyroxene rather than
of hornblende, these rocks are rather similar to the
Williamson Canyon Volcanics but do not at all re-
sémble the Glory Hole Volcanics described in a pre-
ceding section.

The Cretaceous(?) volcanic rocks Gilluly described
(1956, p. 68-69) from South Pass in the Dragoon
Mountains include hornblende andesites that are simi-
lar petrographically to those of the Williamson
Canyon Volcanics; however, these rocks are probably
older than the Bisbee Group, of Eariy Cretaceous
(Comanche) age, although the evidence for their age
is not conclusive. The hornblende andesite flow
breccias and tuffs of the lower part of the Bronco

Voleanics of the Tombstone area (Gilluly, 1956, p.
87-90) also resemble petrographically the Williamson
Canyon Volcanics. Gilluly discusses the possible cor-
relation of the Bronco Volcanics and Ross’s Cretaceous
volcanic rocks, which include the Williamson Canyon
Volcanics of this report, but concludes that the evi-
dence therefor is not persuasive. A principal obstacle
to this correlation is the lack of fossiliferous rocks of
Late Cretaceous age in the Tombstone region, and
the consequent impossibility of fixing the maximum
age of the Bronco Volcanics more closely than post-
Comanche.

HORSE MOUNTAIN VOLCANICS
DISTRIBUTION

An extensive and thick sequence of dominantly
silicic volcanic rocks makes up a nearly continuous
belt of outcrops that extends along the southwest side
of the Turnbull and Santa Teresa Mountains from
the northern boundary of the Klondyke quadrangle
south-southeastward to Waterfall Canyon, a distance
of about 10 miles. Isolated outcrops in Klondyke
Wash indicate that the belt extends at least 2 miles
farther southeast. The maximum width of this belt
is about 2.5 miles. Silicic rocks of the same sequence
also make up a chain of five outcrops extending from
the center of sec. 26, T. 6 S., R. 19 E., north-north-
westward for 6 miles to Old Deer Creek. These rocks
are here named Horse Mountain Volcanics, after
Horse Mountain, 2 miles north of Aravaipa, where a
great thickness is well exposed. About 9.7 square
miles, or 4 percent of the quadrangle, is underlain by
the formation.

THICKNESS

The total thickness of the Horse Mountain Vol-
canics is unknown, as the upper limit is either the
present land surface or an angular unconformity with
Hell Hole Conglomerate or older alluvium. At least
400 feet of gently dipping volcanic rocks is exposed
on hill 4412 in the SW cor. sec. 20, T. 6 S., R. 20 E.,
1 mile northwest of the Grand Reef mine. On Im-
perial Mountain in sec. 6, T. 6 S., R. 20 E., the sec-
tion is undoubtedly thicker, but the attitude of the
rocks is uncertain in all but the lower part of the
section and no accurate measurement was possible;
the minimum thickness is estimated at 600 feet, and
the total thickness may be twice as great. At the type
locality on Horse Mountain, measurement of a section
is complicated by faulting, highly contorted flow
layering, and obscure bedding, but it seems likely
that at least 3,000 feet of volcanic rocks is present,
and the thickness may be well in excess of 4,000 feet.
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STRATIGRAPHIC RELATIONS

The base of the Horse Mountain Volcanics is ex-
posed in three general areas.

South, west, and north of Aravaipa, the volcanics
rest unconformably on Horquilla Limestone or, less
commonly, on Escabrosa Limestone, Martin Forma-
tion, Bolsa Quartzite, Laurel Canyon Granodiorite,
or Pinal Schist. The contact between volcanics and
gently dipping Horquilla Limestone is well exposed
in Arizona Gulch about three-quarters of a mile west
of Aravaipa; here layering in the volcanics and bed-
ding of the limestone are parallel.

In the region between Tule Spring and a point on
the divide between Williamson Canyon and Arizona
Gulch half a mile or so west of Landsman Camp, the
volcanic rocks for the most part lie unconformably
on Escabrosa Limestone. At one place three-quarters
of a mile southwest of Landsman Camp, they rest on
Horquilla Limestone; and along a tributary gulch of
Williamson Canyon in the W14, sec. 30, T. 5 S., R 20
E., they rest on various Paleozoic rocks.

Between the vicinity of the Head Center mine, in
Williamson Canyon, and the north edge of the quad-
rangle, a distance of nearly 2 miles, the Horse Moun-
tain Volcanics rest unconformably on Williamson
Canyon Volcanics, except at one place just northeast
of the mine where they overlie Horquilla Limestone.
Along much of its outcrop in this area, the base of
the Horse Mountain is marked by a distinctive red
highly lenticular pebble and cobble conglomerate.

Throughout the entire southern two-thirds of the
outcrop area in T. 6 and 7 S., R. 20 E., the base of
the Horse Mountain Volcanics is not exposed, and the
rocks are in fault contact with Pinal Schist, Laurel
Canyon Granodiorite, Bolsa Quartzite, Escabrosa
Limestone, and Buford Canyon Formation.

In the principal outcrop area, between Lone Cedar
Mesa and Waterfall Canyon, the volcanics are over-
lain unconformably by older alluvium. Along the
chain of outcrops 2 to 3 miles southwest of this area,
they are overlain unconformably by Hell Hole Con-
glomerate on the southwest and by older alluvium on
the northeast; the northeast side of these hills is
probably a fault-line scarp or fault scarp, now nearly
buried by older alluvium.

Several local unconformities probably exist within
the Horse Mountain Volcanics, but at only a few
places were they recognized. In the canyon southeast
of the Imperial Mountain road, in the SE14 sec. 7, T.
6 S., R. 20 E., at least 100 feet of coarse-grained tuff
dipping 20° SE. overlies a welded tuff sequence on
the northwest side of the canyon and dips directly
into the same welded tuff on the southeast side of the

canyon; apparently the coarse-grained tuff was de-
posited in a valley eroded in the older tuff and subse-
quently has been tilted about 20°.

About a mile south, orange well-bedded coarse-
grained breccia and light-gray quartz-rich partly
welded lithic-vitric tuff, perhaps ejected from a vent
to the southwest, unconformably overlie a sequence
of purple volcanics and appear to have been deposited
in a southwesterly sloping earlier valley. These pyro-
clastic rocks dip 10°-20°. They are grouped with
the Horse Mountain Volcanics on the geologic map.

LITHOLOGY

The Horse Mountain Volcanics include a hetero-
geneous assemblage of lava, tuff, and agglomerate
ranging in composition from andesite to rhyolite, as
well as small amounts of conglomerate and breccia.
Silicic rocks of rhyolitic to dacitic composition pre-
dominate over most of the outcrop area, but andesite
is abundant at the base of the section in the type
locality and in the general vicinity of Aravaipa and
Williamson Canyon. The rocks south of Imperial
Mountain are largely silicic, and the isolated out-
crops southwest of the Turnbull Mountains consist
entirely of silicic rocks.

In view of the very erratic distribution of rocks of
diverse composition, no attempt was made to map the
different rock types within the Horse Mountain se-
quence. In a very general way, the less silicic rocks
are more abundant in the lower part of the section,
and the rocks at the base are almost invariably
andesitic.

In Old Deer Creek and on Horse Ridge, the base
of the Horse Mountain Volcanics is marked by a
lenticular reddish conglomerate 100-180 feet thick.
Thin conglomerates made up mainly of limestone
fragments constitute the base of the Horse Mountain
at several places near Aravaipa and west and south-
west of Landsman Camp.

The andesites include dark-gray coarsely porphy-
ritic lava and gray to purple porphyritic lavas and
tuffs. The lavas have phenocrysts of plagioclase and
brown biotite, and the groundmass minerals are sodic
plagioclase, iron oxide, and apatite. A little potas-
sium feldspar also may occur in the groundmass. All
the phenocryst minerals are altered to a greater or
lesser extent. No pyroxene or amphibole was identi-
fied in either hand specimen or thin section, although
completely altered remnants in several rocks may
possibly have been one of these minerals.

The silicic rocks probably range in composition
from rhyolite to rhyodacite or dacite, but only one
chemical analysis is available to substantiate the de-
terminations based on thin section study. The rocks
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are mostly fine grained lavas, and subordinate tuff
and welded tuff. They are generally light- to medium-
colored—white, cream, yellow, orange, brown, reddish
brown, red, and light green—and some are highly
resistant to erosion. The only common phenocryst
minerals in both lavas and tuffs are sanidine, usually
microperthitic, sodic plagioclase, brown biotite, and
quartz. Some pyroxene or amphibole may be repre-
sented by sparse aggregates of alteration minerals,
but in general they seem to be very rare; green horn-
blende was seen in one lava and an associated tuff,
and clinopyroxene appears in two vitrophyres from
widely separated areas. Biotite commonly is black-
ened, that is, rendered more or less opaque in thin
section owing to abundant tiny inclusions of iron
oxide, and feldspar phenocrysts may be somewhat
sericitized. Groundmass minerals include potassium
feldspar, quartz, iron ore, and apatite, as well as a
little sphene and zircon, mainly as inclusions in biotite.
In many rocks the groundmass is glassy, spherulitic,
or patchily devitrified, and consequently is of inde-
terminate mineralogy.

CONGLOMERATE

From the north edge of the quadrangle southeast-
ward for about 114 miles along the northeast flank of
Horse Ridge, the base of the Horse Mountain Vol-
canics is a highly lenticular bed of reddish to pur-
plish-red conglomerate. Where this conglomerate
crosses Old Deer Creek, it is about 180 feet thick;
and in the saddle northeast of Horse Mountain, it is
100-125 feet thick; immediately southeast of the
saddle the conglomerate pinches out abruptly, to ap-
pear again half a mile farther southeast at a place
northeast of the Head Center mine. Both in Old Deer
Creek and on Horse Mountain, the conglomerate over-
lies unconformably purple agglomerate and fine-
grained rocks of the Williamson Canyon Volcanics.
In Old Deer Creek the conglomerate is overlain by
coarse-grained porphyritic andesite, whereas on Horse
Ridge it is overlain by porphyritic lava and tuff of
andesitic to rhyolitic composition.

In Old Deer Creek the conglomerate strikes N. 35°-
40° W. and dips 60°-75° SW. Most of the constitu-
ent pebbles are 1-2 inches across, but some boulders
are as large as 2 feet. In addition to abundant frag-
ments of limestone and pinkish granite, there are
numerous pieces of greenish tuff derived from the
immediately underlying Williamson Canyon Volean-
ics. The matrix is sandy. A short distance down-
stream (west) of the principal outcrop, the upper 20
feet of the conglomerate is repeated by faulting.

On Horse Mountain the conglomerate strikes N.
45° W. and dips 70°-75° SW. It consists of angular
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to subangular pebbles and cobbles of moderate red
granite and gray limestone and subordinate
fragments of maroon limestone, gray sandstone, dark-
gray quartz diabase, and very little volcanic material,
all set in a well-indurated matrix of red sand. Most
fragments are 2-3 inches across, but some are as large
as 6 inches. Sorting is fair.

A rather similar conglomerate, together with a
little sandstone and shale, is exposed over an area
just north of the Arizona mine. The field relations
are not clear, but the conglomerate seems to rest on a
small inlier of Horquilla Limestone and to be overlain
by volcanic rocks. The conglomerate is a poorly
sorted aggregate of angular to subrounded pebbles of
limestone and red granite in a coarse-grained quartz-
rich sandy matrix.

A small patch of conglomerate 3,500 feet west of
the Arizona mine probably rests on Horquilla Lime-
stone, although the nearest exposure of limestone is
several hundred feet to the east. The conglomerate
is made up of rounded pebbles and cobbles as much
as 4 inches across of limestone and lesser amounts of
quartzite, chert, reddish granite, and volcanic rocks
in a red soft sandy matrix.

Similar conglomerate also crops out about 1,500
feet northeast of the Head Center mine, where it
strikes N. 45° W. and dips 65°-70° SW. The con-
glomerate rests unconformably on Horquilla Lime-
stone and is overlain by dacite and andesite. The
conglomerate here is well consolidated, is about 10
feet thick, and consists of subangular to subrounded
pebbles, cobbles, and a few boulders as much as 3 feet
across in a matrix of coarse sand. The fragments
consist mostly of gray fossiliferous Horquilla Lime-
stone, red and brown sandstone, red marl, and red
fine-grained biotite granite.

Limestone conglomerate marks the base of the
Horse Mountain at several places near Aravaipa,
where the volcanics rest on limestone. The conglom-
erate that overlies Horquilla Limestone just west and
north of the Panama mine and south of new Aravaipa
consists of closely packed angular to subangular frag-
ments 0.5-8 inches across of gray fusulinid-bearing
Horquilla Limestone, and subordinate red, brown, or
white chert and red and pink limestone, in a matrix
of limestone sand. A few boulders are 6-8 inches
across. The conglomerate seems to be at most a few
tens of feet thick. In a south-sloping tributary of
Arizona Gulch just east of the Orejana mine, a con-
glomerate about 75 feet thick rests on Horquilla Lime-
stone. The lower part of the conglomerate consists
of angular to subrounded fragments of limestone 2-12
inches across in a brown sandy matrix, and the upper
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part consists of rounded to subrounded pebbles of
varied lithology in a maroon to greenish-brown
matrix.

On the ridge half a mile west of Landsman Camp,
a conglomerate lens 90-100 feet thick lies at the base
of the Horse Mountain Volcanics and appears to fill
a local basin in Escabrosa Limestone. The conglom-
erate dips 70° SW. It is composed of angular to
subangular pebbles and cobbles 1-3 inches across of
Horquilla Limestone, dark-gray crinoidal limestone
(Escabrosa?), quartzite, red limestone, and chert in
a matrix of brown calcareous sand. A few cobbles
attain a size of 8 inches.

The southeasternmost exposure of the basal con-
glomerate of the Horse Mountain is in a valley about
seven-tenths of a mile southwest of Landsman Camp,
where some 8 feet of red conglomerate rests uncon-
formably on Horquilla Limestone. The conglomerate
consists of angular to subangular pebbles an inch or
so across of limestone, chert, and purple porphyritic
voleanic rock in a sandy matrix. A few cobbles are
as much as 10 inches across.

Layers of conglomerate or breccia also are inter-
bedded with the Horse Mountain Volcanics at several
places, particularly northwest of Williamson Canyon.
A breccia that crops out about three-quarters of a
mile west-northwest of Horse Mountain is composed
of angular fragments of gray and purple volcanic
rock as much as a foot long in a yellow tuffaceous
matrix.

ANDESITE

Rocks of andesite or basaltic andesite composition
crop out mainly in the area between Tule Spring
(SE1; sec. 31, T. 5 S., R. 20 E.) and Arizona Gulch-
Williamson Canyon. A few andesitic lavas and tuffs
occur northeast of Horse Mountain and also farther
south, near Imperial Mountain and northwest of the
Grand Reef mine, but they are much subordinate to
more silicic rocks.

A very coarse grained porphyritic andesite is ex-
posed at several places between Tule Spring and the
Arizona mine and is well exposed near Aravaipa.
This rock is at the base of the section half a mile
southwest of Landsman Camp and in Old Deer Creek
and is just above the base northeast of the Head
Center mine; elsewhere it may be interlayered with
more silicic rocks or its relations to other volcanics
may be obscure. Neither the thickness nor the areal
extent of individual flows is known, and no attempt
was made to delineate separate flows, as the erratic
distribution of outcrops suggested that such an at-
tempt would have been futile.

The rock is a dark—very dusky red purple to gray-
ish red-purple—lava containing large phenocrysts of
plagioclase feldspar set in a fine-grained groundmass.
The phenocrysts are as much as 2-3 cm across and are
strikingly platy, with the ratio of diameter to thick-
ness being somewhere near 10:1. They commonly are
oriented parallel to one another and are prominent
indicators of flow layering; locally, however, the
plagioclase plates are randomly oriented, and in rec-
ognition of the fancied similarity of the outcrop pat-
tern of these phenocrysts to the tracks of a large bird,
the rock is commonly known as “turkey-track” ande-
site and is so referred to in at least one publication
(Denton, 1947h, p. 14). During early stages of field-
work, it appeared that this rock might be a clue in
correlating the volcanic rocks of the Turnbull and
Santa Teresa Mountains with those of the Galiuro
Mountains, but the occurrence of megascopically simi-
lar lava flows at two and perhaps three widely sepa-
rated horizons in the Galiuro Volcanics has shown
that no cldse correlation, if indeed any at all, is pos-
sible on such a basis.

In the one place where a contact was clearly ex-
posed, in Old Deer Creek, the andesite rests on con-
glomerate and is slightly reddened at the base but
shows no basal flow breccia or fine-grained selvage;
these features, together with the presence of large thin
platy and presumably friable phenocrysts of feldspar,
suggest that the lava was not extremely viscous and
that the phenocrysts are intratelluric. In thin section,
a specimen from the valley just southeast of Aravaipa
consists of large euhedral grains of finely twinned
practically unzoned labradorite (about Ans;) and a
few grains of magnetite 0.5 mm or less across in a
fine-grained intergranular groundmass of oligoclase-
andesine laths, iron ore, sparse pale chlorite, a few
needles of what may be apatite, and a little quartz
in irregular patches that appear to be secondary or
deuteric. No olivine, pyroxene, amphibole, or mica
was recognized. The contrast between the large feld-
spar plates and the fine-grained groundmass is strik-
ing; there are no phenocrysts of intermediate size.

Similar rocks also make up parts of the Galiuro
Mountains and will be described at greater length in a
succeeding section. (See p. 72.) In addition, dikes
of the same or similar rock are found over an area
much larger than that now occupied by lava; if these
dikes were feeders for lava flows, then this peculiar
rock may also have cropped out north of the Silver
Coin mine; between Goat Canyon and Cottonwood
Canyon; near Black Rock Spring (sec. 9, T. 6 S., R.
20 E.); and possibly elsewhere.
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Purplish-gray to dark-gray and gray lava and tuff
of andesitic composition crop out on Horse Mountain,
along Williamson Canyon, in the vicinity of Aravaipa,
and south of hill 5569 (SW1/ sec. 30, T. 5 S., R. 20 E).
They are quantitatively much subordinate to the more
silicic rocks. The lavas are porphyritic rocks con-
taining phenocrysts of sodic plagioclase feldspar
(Anjo.20) and biotite 1-3 mm across in a matrix of
sodic plagioclase microlites, apatite, iron ore, and de-
vitrified glass. Feldspar grains are commonly altered
to sericite, epidote, and carbonate. Quartz is not
abundant and seems to be largely of secondary origin.
Potassium feldspar is rare or absent. The tuffs are
crystal-rich and somewhat lighter colored than the
lavas but consist of the same minerals plus, in a few
rocks, sparse phenocrysts of sanidine.

RHYOLITE, DACITE, AND RELATED ROCKS

The bulk of Horse Mountain, Horse Ridge, and hill
5569 to the southeast is made up of light-colored silicic
lavas and tuffs. Along the crest of Horse Ridge and
for considerable distances down the slopes the lavas
have steeply inclined flow layering, 60° or more and
predominantly to the southwest. Only a few rocks
will be described in detail.

The summit of Horse Mountain is made up of a
pale-red (52 6/2) porphyritic and spherulitic rhyo-
lite. The microscope reveals phenocrysts of perthitic
sanidine as much as 3 mm across, a few small highly
altered grains of plagioclase, and a little biotite in a
microspherulitic glass groundmass now devitrified to
an aggregate of quartz and potassium feldspar.
Quartz also occurs as sparse irregular grains or aggre-
gates, some of which may be phenocrysts and others
concentrations formed deuterically.

To the north and northwest of Warm Spring, which
is in Old Deer Creek 2 miles northwest of Aravaipa,
the Horse Mountain Volcanics comprise a varied group
of lava, tuff, flow breccia, agglomerate, and vent fill-
ings ranging in composition from rhyolite to andesite.
A mottled reddish-brown and gray rhyolite vitrophyre
flow breccia about half a mile northwest of Warm
Spring contains a few rounded 1-2 mm phenocrysts
of quartz in a groundmass characterized by striking
concentrically layered spherulites as much as 2 cm
across. In thin section, both spherulites and radio-
lites are present, both apparently consisting entirely
of quartz and potassium feldspar; the mineralogy of
the spherulites was confirmed by X-ray determina-
tions. Abundant veinlets of quartz cut the spherulites
and also mark the contacts between glass and devitri-
fied glass. Some of the quartz veins have a central
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thread of opal. Associated with this vitrophyre is a
spectacular rock made up of spherical or ellipsoidal
pink lithophysae as much as 8 cm across in a matrix
of highly vesicular greenish-yellow devitrified glass.

Near and southwest of Warm Spring the section
includes a considerable amount of waterlaid tuff,
tuffaceous sandstone, and conglomerate. The tuffs
are variegated buff, pink, and red rocks that may
attain a local thickness of 30 feet. They consist of
grains 0.1-2 mm across of perthitic sanidine, quartz,
sodic plagioclase, and blackened biotite, and fragments
of volcanic rock. Some have a very dusty matrix of
glass that is devitrified to coarse-grained patches of
quartz and feldspar, or to spherulitic or radiolitic
aggregates.

The rock forming the bold outcrops above the Sinn
Fein mine is a varicolored pink, grayish-pink, and
orange fine-grained flow-banded rhyolite containing
sparse phenocrysts of quartz and feldspar. Flow lay-
ering strikes N. 80° W. and dips 30° N. In thin sec-
tion the rhyolite is made up of rounded phenocrysts of
quartz and microperthitic sanidine 0.1-1 mm across
and euhedral magnetite 0.05-0.1 mm across in a patchy
and streaky groundmass of glass, which is devitrified
to an aggregate of quartz and alkali feldspar. Quartz
phenocrysts have a late narrow spongy rim in optical
continuity with the core.

The upper slopes of hill 5569 are underlain by light-
colored fine-grained lavas having highly contorted
and generally steeply dipping flow layering. A pale
red-purple prominently layered rock from the ridge
south of the hill is made up of glomerophenocrysts of
microperthitic sanidine as much as 5 mm across and a
few 1-2 mm grains of oligoclase, deep red-brown
blackened biotite, and quartz, imbedded in a spheru-
litic groundmass that constitutes about 75 percent of
the rock. The spherulites, 1-2 cm across, are made up
principally of quartz and potassium feldspar accord-
ing to X-ray determinations. In addition to the
spherulites there are also many colorless feathery
aggregates or radiolites of the same minerals. This
rock is probably either a quartz latite or a rhyolite.

On the northwest side of Stowe Gulch in the NE1/
sec. 1, T. 6 S., R. 19 E., the lowest part of the section
is composed of agglomerate and purplish-gray crystal
tuff (base not exposed), overlain successively by pale-
green fine-grained waterlaid and crossbedded rhyolite
or quartz latite crystal-vitric tuff; perhaps 200 feet
of coarse probably waterlaid breccia composed of
angular to subrounded fragments as much as 6 inches
across of silicic volcanic rock; tuff, breccia, and red
and purple lavas having prominent flow layering;
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platy siliceous lavas; and massive prominently spheru-
litic silicic lava that makes up the bulk of the hill
eight-tenths of a mile southeast of Aravaipa. The
attitude of the section is variable, but the rocks in
general dip 20°-30° NW., W., or S.

The spherulitic lava is a rather peculiar appearing
rock consisting of gray to pink and gray spherical,
elliptical, or botryoidal spherulites in a darker colored
pale reddish-purple to light greenish-gray matrix. In
outcrop the lava is an extremely massive rock that
shows no trace of flow layering. The spherulites are
mostly less than a centimeter across and constitute
from 25 to 50 percent of the rock. The only pheno-
crysts are of microperthitic sanidine in grains 1-2 mm
across. The groundmass consists of spherulites, ap-
parently composed entirely of potassium feldspar, and
interstitial patchily devitrified glass, now an aggregate
of quartz and feldspar.

The section of Horse Mountain Volcanics exposed
on the west side of Imperial Mountain is character-
ized by marked variability in attitude and lithology,
and no detailed sequence could be worked out; in gen-
eral the rocks are tuffs and welded tuffs near the south-
western base of the mountain, and lavas in the higher
parts. The tuffs are well-bedded light- to medium-
colored vitric-crystal silicic types, ranging in grain
size from very fine to coarse.

A typical coarse-grained quartz latite or latite from
near the southwest base of the mountain is a moderate-
red to grayish-red rock containing prominent pheno-
crysts of potassium and plagioclase feldspar. In thin
section the rock contains subhedral to anhedral pheno-
crysts and glomerophenocrysts of clear sanidine and
subordinate albite in a spherulitic matrix. The spher-
ulites are as much as a centimeter across and constitute
perhaps half of the rock. They are composed of an
extremely fine grained intergrowth of what X-ray
examination reveals to be potassium feldspar and
quartz commonly radiating from a crystal that has
acted as a nucleus. The reminder of the groundmass
is an aggregate of about equal parts of quartz and
potassium feldspar. Quartz also occurs in veinlets.
This rock is so thoroughly devitrified that its origin is
uncertain; no shards or pumice fragments are pre-
served, and the massive character is suggestive of lava,
but the rock could be a completely welded vitric-
crystal tuff.

Most of the bedrock in lower Laurel Canyon south
and west of the Grand Reef mine is a light-gray bio-
tite-rich quartz latite. Some of this rock has light-
colored streaks containing more than the average
amount of quartz, and some has very fine flow layer-
ing, but much of the rock is so massive that neither
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its attitude nor its nature is readily apparent in the
field. Under the microscope, the streaky variety is
seen to contain phenocrysts several millimeters across
of sanidine and sodic oligoclase, and smaller grains of
brownish biotite in a very fine grained groundmass of
devitrified glass. Numerous small lenticular patches
of quartz are probably deuteric, formed as a result of
migration of quartz into newly formed vesicles. Ac-
cessory minerals include apatite, rare sphene as inclu-
sions in biotite, and iron ore. The massive rock is
similar to the streaked type except that a little quartz
occurs as phenocrysts.

Welded tuff and breccia are prominent constituents
of the Horse Mountain Volcanics west of the Dog-
water mine and to the south in Waterfall Canyon.
The rocks in Waterfall Canyon are gently dipping
massive to well-layered red, brown, yellow, and gray
well-indurated intricately jointed tuff and breccia that
exfoliate along the bedding. The westernmost out-
crops are pale yellowish-brown to pale-brown thor-
oughly welded vitric-crystal rhyolite and quartz latite
tuffs. In thin section they consist of phenocrysts 1-2
mm long of sanidine, sodic plagioclase, and brown
biotite, and smaller and less abundant grains of quartz
in a fragmental and solidly welded groundmass of
slightly devitrified glass shards and pumice lapilli.
The only accessory minerals are hematite and magne-
tite. Rock fragments in general are scarce. The rocks
in the canyon southwest of the Dogwater mine are
similar (fig. 10).

In the south-central part of T. 5 S., R. 19 E., Arizona
Gulch for more than half a mile is a deep and rugged
gorge cut in a complex and highly resistant section of
silicic lava and tuff. Figure 11 is a sketch section based
on a pace-and-compass traverse through the gorge,
and includes notes on the various rocks. The western
part of the section dips more or less uniformly west at
35°-50° and is 650-700 feet thick. In the eastern part,
the attitudes are so irregular and flow layering so con-
torted that no accurate measurement of thickness is
possible; however, dips are dominantly westerly, and it
seems likely that the eastern part of the section is about
1,000 feet thick. The total thickness of the Arizona
Gulch section then would be 1,650-1,700 feet, but a
more realistic estimate, considering the uncertainties
of measurement, would be 1,400-1,800 feet.

The most characteristic rock of the eastern part of
the section is a pinkish-gray fine-grained lava having
conspicuous light-gray dense wavy streaks a few
millimeters thick and a centimeter or so apart. Flow-
layering as defined by the gray streaks is highly con-
torted. The only phenocrysts identifiable in hand
specimen are millimeter-size grains of brown biotite
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has a horizontal section similar to that of a boomer-
ang, concave to the northwest. The vent material is
light-gray to pink silicic devitrified glass character-
ized by closely packed botryoidal compound spheru-
lites as much as several inches across composed of
quartz and plagioclase feldspar. The matrix infer-
stitial to the spherulites is tuffaceous. Country rock
is steep-dipping purplish welded tuff.

The tiny closed 4550 contour near the center of the
west edge of sec. 17, T. 6 S., R. 20 E., marks a small
breccia-filled vent that may have been the source of
the massive coarse-grained orange breccia and tuff to
the northeast. The neck is about 150 feet long in a
northerly direction, 50 feet wide, and dips steeply
east. It is near the south end of a prominent breccia-
filled fissure that trends north from the vent to the
top of the ridge and then swings abruptly to the
northwest and extends at least as far as the next main
valley. On the northwest slope of the ridge, the
fissure filling dips 50° SW. and is as much as 200 feet
wide. Material filling the vent and fissure consists of
fragments of welded tuff and porphyritic volecanic
rock as much as a foot across, enclosed in a fine-
grained matrix of fragmental devitrified glass.

The small closed 4600 contour in the NE14NE1, sec.
18, T. 6 S., R. 20 E., marks a breccia-filled vent about
200 feet across. The breccia is composed of rounded
fragments 3—4 inches across of very fine grained de-
vitrified glassy rock, sparse crystals of quartz and
feldspar, and a few fragments as much as a foot long
of purple porphyritic latite or dacite. Rocks near the
vent are coarse-grained vitric-lithic tuff and agglom-
erate containing blocks of welded tuff a foot across,
and fragments of quartz.

An elongate neck several hundred feet long, trend-
ing north-northwest, crops out near the edge of the
volcanic belt on the west side of sec. 20, T. 6 S., R. 20
E. The neck cuts nearly flat-lying well-consolidated
pale-red rhyolitic vitric tuff, now completely devitri-
fied and spherulitic. The neck is made up of blocks
of silicic lava as much as 3 feet across in a matrix of
vitric tuff. Layering within the neck is contorted but
.seems to strike about N. 60° W. and dip 65°-80° NE.
The tuff matrix is a pale-red somewhat chalky looking
rock consisting of fragments 1-2 mm across of quartz
and perthitic sanidine in a groundmass of patchy
quartz and potassium feldspar resulting from the de-
vitrification of glass. Devitrification around quartz
grains commonly has produced an overgrowth of
quartz in optical continuity. Sparse former mafic
minerals are now represented by epidote.

Other vents recognized include: (1) a poorly de-
fined vent near the west edge of the outcrop area of

Horse Mountain Volcanics about a quarter of a mile
south of the quadrangle boundary, (2) several vents
on the knob at the north end of Horse Ridge, and a
breccia-filled fissure vent 30 feet wide that trends
north-northwest along the west side of this knob, (3)
a steeply dipping breccia-filled vent on the west side
of the hill half a mile west of Horse Mountain, pos-
sibly along the same fissure as (2), and (4) a vague
area of rust-stained breccia and spherulitic lava in the
valley just west of the Orejana mine,

In certain areas the Horse Mountain Volcanics seem
to have been bleached by fumarolic action. Vertical
whitish alteration zones cutting almost flat-lying red-
dish welded quartz latite or latite vitric-crystal tuff
and breccia are especially well displayed in the canyon
that slopes southwest from the Dogwater mine. These
bleached zones are of variable width, usually only a
few feet. Contacts between bleached and unbleached
rock are generally vague, and tongues of bleached rock
may extend a few inches into unbleached rock. In
places the contacts are along minor fractures that ap-
parently guided alteration. The color difference pre-
sumably is due to the oxidation state of iron; in thin
section, the principal difference between bleached and
unbleached rock is the color of the partly devitrified
fragments of glass and pumice, which are light brown
to yellow in the unbleached rock and colorless in the
altered zones.

AGE AND CORRELATION

A red sandstone having calcite cement is exposed in
the SW14SE1, sec. 19, T. 5 S., R. 20 E., about 1,800
feet east-northeast of the Head Center mine. This
sandstone appears to lie approximately along the
strike of an outcrop of the basal conglomerate of the
Horse Mountain Volcanics and a few hundred feet to
the southeast of the conglomerate. The sandstone
contains poorly preserved fragments of mollusks iden-
tified by W. A. Cobban, of the U.S. Geological Survey,
as Ostrea sp. Because of poor exposures and heavy
brush, I am uncertain that the sandstone is indeed
part of the Horse Mountain Volcanics; but if it is,
then the lowest part of the formation was deposited
in part in a marine environment and presumably is
of pre-Tertiary age.

No additional direct evidence of the age of the Horse
Mountain is available, as no other fossils were found
and no absolute age determinations have been made.
Stratigraphic evidence permits only an approximate
maximum age assignment. The formation is known
to be appreciably younger than early Late Cretaceous
(Colorado), as it overlies unconformably the William-
son Canyon Volcanics, which in turn rest discon-
formably on the Pinkard Formation, of Colorado age.
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It is overlain with marked unconformity by the Hell
Hole Conglomerate, of presumed middle or late Ter-
tiary age, and by older alluvium. West and northwest
of the Grand Reef mine the Horse Mountain Volcanics
are cut by silicic dikes believed to be comagmatic with
the Santa Teresa Granite, zircon from which has been
assigned a lead-alpha age of 60 = 10 million years
(p. 63).

The Horse Mountain Volcanics, then, are no older
than late Late Cretaceous, and appear to be no younger
than early Tertiary, and I have no data that would
permit a closer estimate than Late(?) Cretaceous or
Tertiary.

The gross lithology of the Horse Mountain Vol-
canics is similar to that of the Galiuro Volcanics, al-
though the stratigraphy of the Horse Mountain is
much more obscure. Both formations contain the dis-
tinctive “turkey-track” andesite flows and large
amounts of silicic welded tuff. The Horse Mountain
probably consists for the most part of rocks more
silicic than andesite, although the proportions of the
various rocks are not known accurately, whereas the
Galiuro Volcanics are made up of approximately equal
amounts of andesite and more silicic rocks. However,
the principal outcrop areas are separated by 2-7 miles
of terrain underlain by younger rocks, and no sequence
that would permit unequivocal correlation was recog-
nized. The Galiuro Volcanics are younger than the
Copper Creek Granodiorite, whereas there is some
suggestion that the Horse Mountain Volcanics are
older than the Santa Teresa Granite. If the two
plutonic rocks are of about the same age, then the
Horse Mountain Volcanics are older than the
Galiuro Volcanics. As noted previously, the age of
the Horse Mountain has not been closely determined,
whereas that of the Galiuro Volcanics, although also
uncertain, is almost surely middle Tertiary. In sum-
mary, correlation of the Horse Mountain Volcanies
with the Galiuro Volcanics is certainly suggested but
cannot be firmly established or refuted with the data
at hand.

COPPER CREEK GRANODIORITE

The lower part of the canyon of Copper Creek, in
the southwest corner of the Klondyke quadrangle, is
cut in a massive resistant plutonic igneous rock that is
here named Copper Creek Granodiorite. Although
the granodiorite crops out over an area of only about
2 square miles, or less than 1 percent of the quad-
rangle, it is known to extend more than 3 miles farther
south into the Galiuro Mountains quadrangle (Wilson
and others, 1959).

Over much of its outcrop area, the granodiorite is a
fresh, rather hard rock that erodes to moderate slopes

and smoothly rounded hills and ridges. A deep and
rugged canyon has been carved in the granodiorite by
Copper Creek between the old Tew Ranch (SE1j4 .
sec. 1, T. 8 S., R. 18 E.) and the south edge of the
quadrangle, particularly around the Childs-Aldwinkle
mine and the abandoned settlement of Copper Creek.

The granodiorite shows narrow chilled margins
against its wallrocks at several places. In the center
of sec. 1, the granodiorite is a fine-grained greenish-
gray rock near several inclusions or roof pendants of
coarse-grained Bolsa(?) Quartzite. South of the Cop-
per Prince mine, the granodiorite has a chilled margin
2-3 feet wide against Glory Hole Volcanics. Near the
Old Reliable mine, the contact with hornfels of the
Glory Hole Volcanics is gradational, the change from
dark granodiorite to coarse-grained hornfels taking
place within an interval of less than 10 feet. Finally,
where granodiorite intrudes Glory Hole Volcanics near

- the west edge of the quadrangle in sec. 34, T. 7 S., R.

18 E., it may have a very thin chilled border marked
by rounded inclusions of volcanics in granodiorite and
by narrow dikes of granodiorite cutting volcanics.

No structures were recognized in any of the wall-
rocks that might be attributed to emplacement of the
granodiorite, and the smoothly sinuous contact along
the west and north sides of the main granodiorite
mass also suggests that emplacement was permissive
rather than forceful. Stoping may have played some
role, but at the level of exposure the only blocks whose
origin might be ascribed to stoping are those of quartz-
ite in the center of sec. 1, T. 8 S., R. 18 E., near or
along the contact between granodiorite and Galiuro
Volcanies.

The granodiorite intrudes rocks of Precambrian(?),
Paleozoic, and Mesozoic (Cretaceous?) ages and is
overlain unconformably by the Galiuro Volcanics of
Tertiary age and, in two small areas, by alluvium.
Geological evidence indicates that it is probably of
Late(?) Cretaceous or early Tertiary age. A potas-
sium-argon age determination on biotite from the
granodiorite made by S. C. Creasey (written commun.,
1962) of the U.S. Geological Survey gave a calculated
age of 68 million years (Late Cretaceous or early
Tertiary).

LITHOLOGY

The Copper Creek Granodiorite varies somewhat in
mineralogical composition and appearance from place
to place, but less so than the other plutonic igneous
rock formations of the quadrangle. In general, it is
a greenish-gray to brownish-gray or pale-red medium-
grained porphyritic and slightly cataclastic rock com-
posed of plagioclase feldspar, quartz, potassium feld-
spar, and biotite. The plagioclase is generally Angs.qs
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and rarely is as calcic as Ansy; zoning is confined to
narrow rims and is normal. Potassium feldspar and
quartz are usually interstitial to plagioclase and sel-
dom form phenocrysts. Biotite forms small euhedral
phenocrysts or interstitial anhedrons. Pale-green
amphibole is found in some specimens, and clinopyrox-
ene in others, but neither is either widespread or
abundant. Accessory minerals are sphene, iron ore,
apatite, and zircon. Modes of nine specimens of
Copper Creek Granodiorite, made with a point coun-
ter, are given in table 3; five of these rocks are grano-
diorite, one is a quartz monzonite, and three might be
called either granodiorite or quartz monzonite.

TaBLE 3.—Modes of Copper Creek Granodiorite

18
Constituent 1 2 3 4 5 6 7 9
A B

Quartz__.________ 19.5 | 26.5 | 23 25 22|28 20.56 | 15|31 20
Pla§1oclase .

feldspar.___.... 48.5 | 42.5 | 51.5 40 49 | 41,8 | 41.5 | 31.5 | 31.5 | &1
Potassium

feldspar...____. 215 | 14 21 27 18 | 27 28 feeoo.- 30 1.6
Biotite..._._._._. 5 16 1 2 3| 16| 4 7.5 7.5 16
Pyroxene_____.__ I S (RN S SN (SR L8| 8 |ecooofemmaooes

ther_._________. L5 1 3.5 6 81 26| 3 |eaoifoaoaee L6
Groundmass. |- |ooooo oo e 69.5 | ccofeaaen

1 Column A is measured composition; column B is calculated using an estimated
mineralogical composition for the groundmass of 50 percent quartz, 50 precent
potassium feldspar.

. Granodiorite, hill west of Childs-Aldwinkle mine.

. Gra.nodumte haulage level, Childs-Aldwinkle mine,

3 Granodlonte, Copper Creek NWyisee. 12, T.8 8., R.1SE.
8uartz monzonite, canyon west of Bluebird mine, center sec. 2, T.88,R.18E.
ranodiorite, Bluébird mine.

. Gmuodiorite west edgesec. 34, T.78S.,, R. 18 E

Quartz monzonite, west edge sec. 34, T.7 S, R. IBE.

Quartz monzonite, Copper Prince mine.

Granodiorite, Copper Giant mine.

PO R o

A chemical analysis and norm of Copper Creek
Granodiorite from the canyon just north of the Old
Reliable mine in sec. 10, T. 8 S., R. 18 E. are given
below, together with chemical compositions and norms
of Nockolds’ (1954) average granodiorite and average
tonalite for comparison. A semiquantitative spectro-
graphic analysis of the same rock is in table 2, col-
umn 4.

Typical granodiorite makes up most of the hill be-
tween the Copper Prince mine and the Childs-Ald-
winkle mine. A specimen from the summit of the hill
is a medium- to brownish-gray medium-grained rock
containing conspicuous shiny plates of biotite. Plagio-
clase feldspar, quartz, biotite, and pyroxene are iden-
tifiable with a hand lens. The rock has a seriate por-
phyritic texture containing phenocrysts of plagioclase
feldspar 1-5 mm across. The mode is given in table
3, column 1. Microscopically, the plagioclase is about
Any. Pyroxene forms sparse ragged and poikilitic
grains a few millimeters long, partly replaced by pale-
green hornblende.

Chemical analyses, in percent, of Copper Creek GranodwmtaF
average granodwnte, and average tonalite
Bulk analysis Normative minerals
Constituent 1 2 3 Mineral 1 2 3
8108 oo 62.28 | 66.88 | 66.16 Q 1458 | 2.9 | 24.1
ALOs ... . 16.41 | 15.66 | 15.56 16.12| 18.3 8.3
2.24| 1.33| 1.36 34.58 | 32.5| 33.0
2.58 | 2.50 | 3.42 18.35 | 16.4 | 20.8
2.72 | L67 | 1.94 1.63 (... .3
4.66 | 3.56 | 4.65 6.80 [ 3.9 4.9
412 3.8¢( 3.90 471 29 4.1
2.69 | 3.07 | 1.42 3.2 | 19 2.1
61| .e5| .69 137 11 12
17 .5 .5
1| .e7 | .62
A7 .2 L2t
08| .07 | .08
A3 ||
.03 -
Fo e .06 ||
Subtotal____| 99.65 || |||
Less O.......{ .03 ——-
Total..____. 99.62 ...
Powder
density_...f 275 |oocooioceo o ameeaee

1. Copper Creek Granodiorite, just north of Old Reliable mine, NE4, sec. 10,
g §, R. 18 E. Laboratory No. F2675. Analyst, Dorothy F. Powers, U.S. deol
urvey.
2. Average granodiorite (Nockolds, 1954, table 2, col. 4).
3. Average tonalite (Nockolds, 1954 table2 col. 5).

On this same hill within the dominant gray grano-
diorite are numerous small bodies of fine-grained light-
pink to pinkish-gray granitoid rock that appears to
differ from the darker rock only by having less mafic
minerals. One such body @bout 5 feet across is crudely
circular in plan and has concentric layering grading
from coarse grained at the center to fine grained at
the edge. Other masses of the light-colored rock show
conspicuous flow structure. These rocks were not
studied in detail and their origin is uncertain, but they
do not appear to be fragmented dikes and more prob-
ably are autoliths.

Near the portal of the haulage level of the Childs-
Aldwinkle mine, the granodiorite is a medium-gray
porphyritic rock having a framework of plagioclase
feldspar phenocrysts 1-4 mm long and interstitial
quartz, abundant biotite, and potassium feldspar. The
mode is shown in table 3, column 2.

An amphibole-bearing variety of granodiorite from
west of the Bluebird mine is a light brownish-gray
hard fresh rock that contains, in addition to the usual
minerals, a little colorless amphibole much altered to
carbonate. The extinction angle ZAc is 15° The
mode of this rock is in table 3, column 4. A very
similar rock makes up most of the isolated outcrop of
Copper Creek Granodiorite on the west edge of sec.
34, T. 7 S., R. 18 E. This rock contains grains of
colorless pyroxene as much as a millimeter long that
are partly altered to colorless amphibole.

Several varieties of Copper Creek Granodiorite
were recognized that differed in texture or color from
the typical rock, but in view of the appreciable time
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and effort that would have been required, no attempt
was made to map them separately. Inasmuch as these
rocks differ from normal granodiorite principally in
proportions rather than kinds of minerals, it seems
reasonable to consider them comagmatic varieties of
the granodiorite.

A pale-red (10R 6/2) sparingly porphyritic rock
from sec. 34, T. 7 S., R. 18 E., has bent or broken
grains of plagioclase feldspar in a fine-grained granu-
lar matrix of quartz and dusty potassium and plagio-
clase feldspar. The mode is given in table 3, column 6.
A medium dark-gray fine-grained rock from the same
locality also is cataclastic and contains colorless pyrox-
ene as well as biotite. Although plagioclase feldspar
and the mafic minerals are the only ones identifiable
with a hand lens, the microscope shows large amounts
of quartz and potassium feldspar that form a fine-
grained aggregate interstitial to plagioclase. The
mode is given in table 3, column 7.

The wallrock of the Copper Prince mine is a rather
distinctive light olive-gray, conspicuously porphyritic
biotite quartz monzonite(?). It consists of pheno-
crysts 1-4 mm across of whitish slightly argillized
and sericitized plagioclase feldspar (about Any),
abundant ragged grains of biotite as much as 6-7 mm
across, sparse rounded and partly resorbed grains of
quartz, and very few phenocrysts of potassium feld-
spar, all set in a fine-grained pale-red granular
groundmass of quartz and potassium feldspar. Biotite
is much altered to chlorite (penninite). The mode of
this rock is given in table 3, column 8. Both the
prominent porphyritic texture and the granular
groundmass distinguish this variety from the bulk of
the Copper Creek Granodiorite.

Dark- to medium-gray porphyritic rock having
more than the usual amount of biotite in the ground-
mass occurs at several places in and around the Cop-
per Creek pluton.

A variety very rich in biotite is cut by the breccia
pipe at the Copper Giant mine. This rock is medium
gray with a faint pinkish cast, and has a porphyritic
and strongly cataclastic texture. The mode is given
in table 3, column 9. Quartz, perthitic orthoclase, and
biotite form an allotriomorphic groundmass among
phenocrysts of plagioclase feldspar (Ansus) and bio-
tite. Some biotite grains have faint pleochroic halos
around tiny indeterminate inclusions.

Just south of the Klondyke quadrangle and about a
quarter of a mile south of the old Copper Creek post
office, the granodiorite is intruded over an area perhaps
70 feet across by a dark biotite-rich rock. Most con-
tacts between granodiorite and biotite rock are grada-
tional or vague, and the granodiorite appears to have
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been partly assimilated by the darker rock; a few
contacts are sharp. Some of the biotite rock forms
narrow dikes having a semblance of flow structure
along their borders. Several inclusions of pink grano-
diorite are dotted with small rosettes of black tour-
maline.

A granitoid dike 2 feet wide having narrow chilled
selvages cuts Copper Creek Granodiorite in the SW.
cor. sec. 2, T. 8 S, R. 18 E. The dike resembles typi-
cal granodiorite but is lighter in color. Phenocrysts
of sericitized plagioclase feldspar, microperthitic
orthoclase, and biotite are enclosed in an allotriomor-
phic base of quartz and potassium feldspar. The
plagioclase is about Any in composition, considerably
more sodic than that of the typical granodiorite, but
otherwise the dike is mineralogically very similar to
the granodiorite and presumably they are consangu-
ineous.

Dikes of granodiorite also cut rocks of the Pink-
ard(?) Formation in the NE. cor. sec. 2, T. 8 S., R.
18 E., and intrude Glory Hole Volcanics in the W1,
sec. 34, T. 7 S., R. 18 E,, and at several places in secs.
3 and 10, T. 8 S., R. 18 E. Narrow dikes of light-
colored granodiorite cutting Glory Hole Volcanics are
particularly well displayed near the Old Reliable mine.

A small boss, presumably an offshoot of Copper
Creek Granodiorite, intrudes Glory Hole Volcanics on
the ridge about 500 feet north of the “3” in sec. 3.
The boss is 100-150 feet across and is nearly circular
in plan. It consists of a core about 50 feet across of
medium-grained gray diorite and a nearly complete
rim 25-50 feet wide of a siliceous porphyritic rock,
apparently a border facies of the core rock. Other
even smaller bosses of granitoid rock intrude Glory
Hole rocks about 1,200 feet to the southeast.

CONTACT EFFECTS OF COPPER CREEK GRANODIORITE

Wallrocks of the Copper Creek Granodiorite have
been metamorphosed in varying degree along the en-
tire length of the intrusive contact. Contact meta-
morphic phenomena are most marked along the south-
western part of the contact with Glory Hole Volcanics,
but also are noticeable where the wallrocks are Paleo-
zoic sedimentary rocks.

Where the granodiorite intrudes Paleozoic rocks,
contact effects may be discernible for only a few feet
from the contact or may extend for several tens of
feet; in general the contact metamorphism is not ex-
tensive. Siltstone or mudstone of the Martin Forma-
tion is converted to dense fine-grained black hornfels
that weathers brown; fissile shale is altered to slaty
hornfels; and the impure carbonate rocks are changed
to yellow, brown, or honey-colored marble or hornfels.
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ALTERATION OF COPPER CREEK GRANODIORITE

In this section, alteration of the Copper Creek
Granodiorite not related to the breccia pipes of Cop-
per Creek will be noted briefly; description of the
strong alteration in and near the pipes will be in-
cluded in the discussion of the pipes themselves.

Over most of its outcrop area, the Copper Creek
Granodiorite is fresh except for the usual weathering.
In several areas, however, the rock is somewhat al-
tered; the largest of these is along Copper Creek, be-
ginning at the line between secs. 11 and 12, T. 8 S,
R. 18 E., and extending for 3,000 feet or so to the
west-southwest.

Westward from the concrete dam just east of the
old settlement of Copper Creek, the granodiorite is
essentially unaltered and has fresh glassy feldspar
phenocrysts. Eastward from the dam, feldspar pheno-
crysts begin to show some clouding, and at the mouth
of the large canyon that slopes south from the Blue-
bird mine, feldspars are cloudy and pale green. Be-
tween this canyon and the point where the canyon of
Copper Creek bends to the north in the NE cor. sec. 11,
T. 8 S, R. 18 E., the granodiorite is cut by several
nearly vertical fractures that trend N. 80°-90° E. and
are marked by iron oxide and sparse copper stain.
The rock is mottled pale red and olive green and has
prominent fresh phenocrysts of biotite and sparse dis-
seminated chalcopyrite; some of the chalcopyrite
grains have dark rims, presumably of chalcocite. Mic-
roscopically, the feldspar crystals in this zone are near
albite-oligoclase in composition rather than andesine
and are very dusty, owing perhaps to irresolvable in-
clusions of zoisite or a related mineral.

Northward from the aforementioned bend for a
distance of 500-600 feet, the granodiorite is consider-
ably altered. The general aspect of the rock changes
from gray to pink, biotite is completely altered to a
pale-green or nearly colorless aggregate, and rosettes
of tourmaline are locally very abundant, particularly
along flat joints. The tourmaline zone is about 300
feet wide along the canyon and fades out southward
into gray granodiorite and northward into pyritized
granodiorite. The tourmalinized rock is light-colored
—pinkish gray to yellowish gray—and has a dull
luster on fresh surfaces. It is cut by closely spaced
vertical fractures that strike N. 70° E. and have sparse
thin films of copper oxide minerals. In thin sections,
feldspar phenocrysts are altered to cloudy albite.
Tourmaline forms prisms as much as 2 mm long and
is a variety pleochroic in pale blue gray, and colorless.
The refractive indices are O = 1.663 (== 0.004), E=
1.684 (== 0.002) ; O-E = 0.029, indicating a schorlite

having about 30 percent of the dravite end member
(Winchell and Winchell, 1951, p. 466). o

Northward from the tourmalinized rock, the grano-
diorite is more strongly altered and has dusty plagio-
clase and a little carbonate and sericite. Approxi-
mately midway in the north-northeastward-trending
reach of Copper Creek in the NE cor. sec. 11, T. 8
S., R. 18 E., the granodiorite is strongly silicified and
pyritized for a distance of about 100 feet along the
canyon and has the typical yellowish-brown outecrop
of pyritic rock. The rock containing the most pyrite
is greenish gray to light brownish gray and has a dull
appearance. It contains irregular small blebs of
pyrite from which tiny veinlets extend out into the
host rock. Plagioclase phenocrysts are dull gray, a
few large grains of biotite are unaltered, and the
interstitial material contains considerable sericite.
Microscopically, the pyritic rock has moderately seri-
citized plagioclase and sparse large quartz grains that
must be of secondary origin.

To the north and east, the pyritic zone fades out
gradually and the granodiorite once more has the
milky feldspar grains and pale-greenish altered biotite
seen south of the pyrite zone. A specimen of light
brownish-gray granodiorite has sericitized phenocrysts
of albite-oligoclase, a little disseminated carbonate,
and scattered large grains of secondary quartz. Where
Copper Creek crosses the line between secs. 11 and 12,
the granodiorite is again an almost unaltered pale-red
to light brownish-gray rock containing only slightly
carbonatized and sericitized plagioclase and slightly
chloritized biotite.

Between the Childs-Aldwinkle and Old Reliable
mines, the granodiorite is cut by many east-trending
joints along which the rock has been chloritized for
several centimeters outward from the joint. The origi-
nal fracture commonly is marked by a film of specular
hematite. The contact between chloritized and fresh
granodiorite is sharp. Just northwest of the west
summit of the hill between the two mines, the grano-
diorite is chloritized along near-vertical joints that
trend N. 75°-90° E. and are marked by faint copper
stains. Within the chloritized zones, plagioclase
phenocrysts are altered almost completely to sericite
and some chlorite, and mafic minerals are converted
to aggregates of chlorite and iron ore, but orthoclase
is only slightly sericitized. The chlorite is a variety
having positive elongation and shows ultra blue and
brown interference colors between crossed nicols.

Similar chloritized and iron-stained fractures trav-
erse the granodiorite near the mouth of the canyon
just east of the Childs-Aldwinkle mine; some of these
fractures have a central film of quartz and pyrite(?).
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East of the Childs-Aldwinkle mine, light-gray fresh
granodiorite is cut by numerous joints marked by
stains of iron oxide; the joints trend N. 80° E. and
dip 85°-90° S. Finally, along the road to Sombrero
Butte for a distance of several hundred feet south of
the old Copper Creek post office, the granodiorite has
milky feldspars and is cut by many chloritized frac-
tures.

In a few places, fresh granodiorite is partly re-
placed by rosettes of black tourmaline. About 1,500
feet north of the Bluebird mine, a zone of light pink-
ish-gray fine-grained biotite granodiorite 30 feet or
so in width and perhaps 500 feet long contains abun-
dant rosettes 1-5 cm across of greenish-black tourma-
line. This zone strikes N. 60°-65° E. To the north-
west, the tourmalinized granodiorite grades into nor-
mal] granodiorite through a horizontal distance of
about 150 feet, whereas to the southeast the boundary
is more abrupt. The southeast'edge of the tourmaline
zone has been prospected by an adit.

TERTIARY SYSTEM
SANTA TERESA GRANITE

The high and rugged peaks of the Santa Teresa
Mountains, which rise northeast of Klondyke, are
carved from what is here named the Santa Teresa
Granite. Pinnacle Ridge, altitude 7,275 feet and the
highest point in the Klondyke quadrangle, is at the
southeast end of the Santa Teresa Mountains. The
granite forms a single large mass that extends from
Waterfall and upper Buford Canyons northward to
the South Fork of Goodwin Canyon. Except for
several dikes, the only other occurrence of Santa
Teresa Granite is a very small outlier in the NE1,
sec. 9, T. 6 S, R. 20 E. About 17 square miles, or 7
percent of the quadrangle, is underlain by Santa
Teresa Granite.

The granite is one of the formations of the region
most resistant to erosion, as attested by the ragged
peaks and steep slopes characteristic of its outcrop
area, but on a smaller scale the rock weathers to
rounded outcrops encrusted with several inches or
more of partly disintegrated rock, and consequently
hand specimens of fresh rock are virtually impossible
to obtain. These rounded outcrops are characteristic
of both the coarser grained granite and the aplitic
facies so abundant along Black Rock, Cottonwood, and
Goat Canyons.

No attempt was made to systematically map struc-
tures within the Santa Teresa Granite. No well-
defined planar or linear structures were noted; in a
rock like this granite, equigranular and nearly devoid

of platy or prismatic minerals, such structures might
be expected to be either obscure or absent. On the
other hand, jointing is prominent, particularly in the
westward-protruding lobe between Laurel and Water-
fall Canyons. In a very general way, joints in the
north, central, and southeastern parts of the granite
mass trend northwest and dip steeply northeast,
whereas those in the Laurel Canyon lobe have an east-
ward trend.

The Santa Teresa Granite is in contact with only
four rock units. It intrudes Pinal Schist and Laurel
Canyon Granodiorite, both of Precambrian age, and
also is in fault contact with these rocks and probably
with Goodwin Canyon Quartz Monzonite. In addition
it is overlain unconformably by older alluvium. The
contact between Santa Teresa Granite and Goodwin
Canyon Quartz Monzonite is exposed only near the
east edge of the quadrangle in the NE14 sec. 1, T. 6
S., R. 20 E., and the SW1/} sec. 36 and SE1; sec. 35,
T. 5 S.,, R. 20 E. For half a mile or so northwest
from the quadrangle border, the contact is marked by
a zone of shearing as much as 100 feet wide, and is
probably a fault; the Santa Teresa Granite to the
southwest is a somewhat contaminated phase with
abundant epidote, and the Goodwin Canyon is a
coarse-grained biotite granite cut by shears that trend
west-northwest and dip steeply north. A series of pits
have been dug along the contact zone. Farther north-
west the contact is not exposed but is believed to be
along the South Fork of Goodwin Canyon. No evi-
dence was found bearing on the relative ages of the
two rocks.

Several dikes of Santa Teresa Granite cut Precam-
brian rocks. The largest is a dike that extends for at
least a mile along the east side of VABM 5385 in the
SW1; sec. 16, T. 6 S., R. 20 E., and the longest is a
dike that passes through the knob east of VABM
5385 and extends from Laurel Canyon north-north-
westward to near the head of Black Rock Canyon, a
distance of about 3 miles. This latter dike is 60 feet
wide in Laurel Canyon, where it has a selvage of
quartz porphyry a few feet wide against Laurel Can-
yon Granodiorite. With increasing distance from the
granite mass, the central part of the dike loses its
granitoid texture and gradually becomes more porphy-
ritic and hence indistinguishable from the many
quartz porphyry dikes of the region.

Dikes probably consanguineous with the Santa
Teresa Granite cut Horse Mountain Volcanics; how-
ever, none of these dikes is traceable directly into the
granite, so that evidence for age relations between
granite and volcanics is not unequivocal. No other
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tion angle Z Acis 22°. Accessory minerals include sphene
in grains as much as 0.5 mm long, apatite in slender
prisms, epidote, iron ore, and abundant zircon.

In the vicinity of the small mass of Pinal Schist at
the north edge of sec. 11, T. 6 S., R. 20 E., a quartz
monzonite or granodiorite facies of the Santa Teresa
Granite is a mottled pale-red to light-gray medium-
grained rock composed mostly of bluish-gray plagio-
clase feldspar, quartz, and pinkish potassium feldspar.
Microscopically, the granite has a slightly cataclastic
hypidiomorphic granular texture, and many sutured
grain borders. Plagioclase is a low-calcium variety
near Ans.io. Potassium feldspar does not form pheno-
crysts but instead shapeless patches in plagioclase and
irregular layers as much as 0.5 mm wide along contacts
between plagioclase and quartz. The mode is given in
table 4, column 7.

Aplite dikes are very abundant in the Santa Teresa
Granite but are inconspicuous in outcrop because they
are the same color as the granite and are mineralogi-
cally practically identical with it. A typical dike
from the south side of Pinnacle Ridge near the con-
tact with Pinal Schist is a pinkish-gray even-grained
sugary rock containing a few phenocrysts of feldspar
as much as 5 mm across. The mode is given in table
4, column 8. In thin section the rock has an aplitic or
panallotriomorphic granular texture, and has grains
of microperthite and quartz averaging about 0.5 mm in
diameter. Sphene is a fairly abundant accessory,
commonly occurring in aggregates with iron ore and
fluorite.

CONTACT EFFECTS OF SANTA TERESA GRANITE

The Santa Teresa Granite intrudes Pinal Schist
along Laurel Canyon, along the southwest side of
Pinnacle Ridge, in the upper parts of Cottonwood
and Goat Canyons, and in the South Fork of Goodwin
Canyon. Along these contacts the granite commonly
has an aplitic border phase, and rocks of the Pinal
are converted to hornfels, but in most places the con-
tact effects do not extend more than a few tens of feet
from the contact, and in some places, such as sec. 35,
T. 6 S., R. 20 E., contact metamorphism is negligible.

Only in the Laurel Canyon area is the Pinal meta-
morphosed for any appreciable distance from the
contact and here it is likely that the metamorphism is
superimposed on an earlier one resulting from the
emplacement of Laurel Canyon Granodiorite in Pre-
cambrian time. Just north of the Grand Reef mine,
a fine-grained border facies of the granite intrudes
nondescript green or brown Pinal Schist having a
hackly fracture. The Pinal is darkened, and bedding
and vertical cleavage are almost obliterated, for more

than 300 feet from the contact. The Pinal also is cut
by several silicic dikes probably consanguineous with
the granite.

The Pinal Schist is altered in a similar but less in-
tense fashion along the southwest slope of Pinnacle
Ridge, where the contact strikes N. 50° W. and dips
30° SW. The Pinal southwest of the contact is al-
most nonschistose and is darker than normal. The
granite is the fine-grained border facies containing
abundant micrographic intergrowths of quartz and
microperthite. (See p. 64.) A specimen of Pinal
Schist collected about 10 feet from the contact is a
medium dark-gray dense rock in which a few milli-
meter-size grains of quartz are the only components
identifiable with a hand lens. In thin section the
rock consists of angular to subangular clastic grains
0.2-0.5 mm across of quartz and sericitized feldspar,
some and perhaps most of which is plagioclase, set
in a very fine grained sugary groundmass. Minor
components include chert fragments, iron ore, chlorite
(penninite), sericite, and apatite. A few veinlets of
quartz, epidote, and chlorite cut the hornfels. The
rock has a vague layering that may represent bedding.
Originally the rock probably was a feldspathic gray-
wacke, now somewhat silicified and whose groundmass
is recrystallized.

The small outcrop, shown on the geologic map as
Pinal Schist, at the north edge of sec. 11, T. 6 S., R.
20 E., is of fine-grained granulitic gneiss cut by nu-
merous dikes of aplitic Santa Teresa Granite as much
as 18 inches wide. The foliation strikes N. 60° E.,
and the dikes are mainly along this direction, dipping
60°-70° NW. The gneiss is a medium light-gray rock
having numerous closely spaced wavy black laminae
and an uneven granoblastic texture. The light-colored
layers are composed of quartz, dusty and faintly
twinned albite, and possibly some orthoclase, in grains
most of which are 0.02-0.05 mm across; the largest
porphyroblasts are about 2 mm across. The dark
layers are mostly of very fine grained brown biotite
and contain a little apatite, iron ore, and sphene; the
biotite is partly altered to chlorite (penninite). The
original nature of the rock is not evident; it may have
been a feldspathic graywacke, but it also could have
been derived from Laurel Canyon Granodiorite.

From a point half a mile north of the Grand Reef
mine northward for nearly 5 miles, the Santa Teresa
Granite intrudes Laurel Canyon Granodiorite. The
southernmost part of the contact is sharp, and there
appears to have been little alteration associated with
the emplacement of the granite. Locally, for example:
in the SW1; sec. 10, T. 6 S., R. 20 E., Laurel Canyon
Granodiorite is cut by aplite dikes as much as a foot
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wide that must be offshoots of the Santa Teresa Gran-
ite; and in the SW14 sec. 15, the granodiorite is cut
by several dikes of Santa Teresa Granite, one of which
is 80 feet wide and has aplitic selvages.

Over a large area in the north half of T. 6 S,, R.
20 E., however, where the roof of the Santa Teresa
pluton seems to have been rather flat, so much Laurel
Canyon Granodiorite appears to have been assimilated
by Santa Teresa Granite that a transition zone of
appreciable thickness separates rocks that can be as-
signed confidently to one or the other formation; in
much of this area the location of the contact is arbi-
trary. Along Cottonwood Canyon, for example, a
zone at least 800 feet wide is underlain by rocks that
could belong to either formation; and near the head
of the South Fork of Goodwin Canyon, rocks believed
to be contaminated Santa Teresa Granite are more
than a mile from the nearest outcrop of either Laurel
Canyon Granodiorite or Pinal Schist.

Modes of several rocks from Cottonwood and Goat
Canyons made with a point counter, are presented in
table 5. The rocks of the transition zone are charac-
terized in particular by abundant graphic intergrowths
of quartz and microperthite, which are either scarce
or lacking in the normal facies of both rocks, and by
the lack of a distinet or easily described texture or
color.

TABLE 5.—Maodes of rock from the transition zone between Sania
Teresa Granite and Laurel Canyon Granodiorite

Mineral 1 2 3 4 5

Quartz.-
Microperthite_._____ ...
Graphic quartz-orthoclase -
Plagioclase ..o oocomomooaioo
Granophyre... oo

Oth

1 Not included in summation; includes about 50 percent of the quartz and 75 percent
of the microperthite reported in the mode.

2 Mostly biotite.

3 Mostly epidote

4 Iron ore, epidote and biotite.

Cottonwood Canyon, center sec. 3., T.6 8., R. 20 E.

gidge be(t;;reen Cottonwood and Goat Canyons, W4 sec. 2, T.6 S., R. 20 E.
ame as

. Southwest side of west fork Goat Canyon, NE. cor. sec. 3, T.6 8., R.20 E.

. NW. cor. sec. 1, T. 6 8., R. 20 E.

(St

In secs. 3, 10, and 11, T. 6 S., R. 20 E., several large
blocks of Laurel Canyon Granodiorite are engulfed in
Santa Teresa Granite. The large elongate xenolith of
Laurel Canyon Granodiorite between Cottonwood and
Goat Canyons in sec. 11 is in fault contact with aplitic
Santa Teresa Granite along both sides; the fault along
the northeast side dips 75°-80° NE. and is marked by
sheared rocks in both walls. The intrusive contact at
the northwest end is almost flat. The granodiorite
here is a medium-gray, otherwise nondescript rock
that is typical of the transition zone. The mode is

given in table 1, column 5. A thin section shows that
biotite forms ragged aggregates and is dispersed along
grain boundaries and disseminated in feldspar; it ap-
pears to be in a process of disintegration brought
about by emplacement of the granite.

GOODWIN CANYON QUARTZ MONZONITE

A sizable area in the northeast corner of the Klon-
dyke quadrangle along the upper parts of the Middle
and South Forks of Goodwin Canyon in T. 5 8., R.
20 E., is underlain by a granitoid rock that is here
named Goodwin Canyon Quartz Monzonite. It is much
more variable in lithology than the Santa Teresa
Granite and ranges in composition from leucogranite
to diorite. About 8 square miles, or 3 percent of the
quadrangle, is underlain by this rock.

The quartz monzonite is only moderately resistant
to erosion, less so than the Santa Teresa Granite, and
erodes characteristically to fairly steep sided hills and
ridges having a sparse cover of vegetation.

No effort was made to record internal structures of
the quartz monzonite. The rock is cut by joints that
have a north-northwestward trend, roughly parallel
to those in the Santa Teresa Granite, and for the most
part are vertical.

The contact between quartz monzonite and Bolsa
Quartzite, Horquilla Limestone, and the Pinkard For-
mation in the north-central part of T. 5 S., R. 20 E.,
is shown on the geologic map as intrusive. Although
no contacts are exposed in the area, the contact meta-
morphic features displayed by both the Horquilla and
the Pinkard leave little doubt that such is the relation;
by analogy, the contact with the Bolsa is also intru-
sive. The quartz monzonite is in fault contact with
Pinal Schist, Escabrosa Limestone, Santa Teresa
Granite, and, in secs. 20 and 21, with Bolsa Quartzite.
It is thus known to be of post-early Late Cretaceous
(Colorado) age and is considered of Tertiary age, but
its age relative to that of the Santa Teresa Granite is
unknown; presumably these two granitoid rocks are
of about the same age.

LITHOLOGY

The Goodwin Canyon Quartz Monzonite varies con-
siderably in mineralogical composition and texture,
ranging from equigranular granite, quartz monzonite,
and diorite to porphyritic granite and granodiorite
and ophitic diorite. Modes of nine rocks, made with a
point counter, are given in table 6.

The most common rock type along the South Fork
of Goodwin Canyon is a coarse-grained pinkish-gray
granite, ranging in composition to near quartz mon-
zonite. The rock is made up of crystals of pink
potassium feldspar as much as a centimeter across and
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GALIURO VOLCANICS
DISTRIBUTION

The Galiuro Mountains extend along the entire
west edge of the Klondyke quadrangle and constitute
the divide between Aravaipa Valley to the east and
the valley of the San Pedro River to the west. In the
Klondyke quadrangle the mountains are made up
almost entirely of a thick section of gently dipping
volcanic rocks of Tertiary age. The principal occur-
rences of other rocks are small areas of Paleozoic
sedimentary rocks at the Table Mountain mine, Paleo-
zoic and Cretaceous(?) sedimentary rocks in upper
Copper Creek, and about 6 square miles of older vol-
canic rocks and granodiorite in the Copper Creek
area. The belt of outcrops of volcanic rocks is con-
tinuous over a north-south distance of somewhat more
than 17 miles, and ranges in width from less than a
mile in lower Horse Camp Canyon to about 5 miles
at the north and south edges of the quadrangle. These
rocks are correlated tentatively with the Galiuro Vol-
canics of Cooper and Silver (1964) and are referred
to as such in this report. About 63 square miles, or
25 percent of the quadrangle, is underlain by Galiuro
Volcanics.

Some of the rocks of the Galiuro Volcanics, par-
ticularly some very coarsely porphyritic andesite,
resemble those of the Horse Mountain Volcanics of
the Turnbull and Santa Teresa Mountains. However,
the two areas of outcrop are separated by from 2 to 7
miles of terrain underlain by younger rocks, and no
sequence that would permit an unequivocal correlation
has been recognized; therefore it has seemed prefer-
able to describe separately the rocks of the two forma-
tions, noting the various points of similarity.

The Galiuro Volcanics are known to extend south-
eastward for some 50 miles, as far as the southeast end
of the Winchester Mountains, a name applied to the
southeast prong of the Galiuro Mountains. They are
also known to extend northward into the Stanley
quadrangle, northwestward into the Christmas quad-
rangle (Wilden, 1964), and westward into the Holy
. Joe Peak quadrangle.

THICKNESS

The entire section of the Galiuro Volcanics is not
exposed at any one locality, and the lenticular na-
ture of several of the major units within the forma-
tion precludes any precise estimate of thickness.
Local minimum thicknesses are 700 feet on the north
side of Lookout Mountain, 1,000 feet in Aravaipa
Canyon at the west edge of the quadrangle, 750 feet
in the deepest part of Oak Grove Canyon, and 1,250
feet on the southwest side of Little Table Mountain.

The sum of the maximum thicknesses of the prin-
cipal units exposed between Ash Creek, near the north
edge of the quadrangle, and the base of the formation
at the head of Copper Creek is about 5,600 feet; and
to this total probably should be added an uncertain
but appreciable thickness, at least 900 feet, of ande-
sitic rocks that occur only in and near Fourmile Creek.

STRATIGRAPHIC RELATIONS

The base of the Galiuro Volcanics is exposed in only
two places. In the southwest corner of the quad-
rangle, from the west edge of the map area southeast
for 2.5 miles, the formation rests disconformably or
unconformably on Glory Hole Volcanics. Farther
southeast along the same contact, the Galiuro Vol-
canics overlie unconformably Escabrosa Limestone,
clastic sedimentary rocks of presumed Cretaceous age,
Martin Formation, Copper Creek Granodiorite, and
Bolsa(?) Quartzite. The Glory Hole and Galiuro
Volcanics so closely resemble each other along much
of their contact, particularly at the head of Dry Camp
Canyon (secs. 27 and 34, T. 7 S., R. 18 E.) that the
separation of the two formations was made somewhat
arbitrarily. Locally, a bed of conglomerate 5-10 feet
thick, overlain in places by a few feet of red tuff,
intervenes between the andesite flows of the Galiuro
Volcanics and the uppermost welded tuff of the Glory
Hole Volcanics.

In the vicinity of the Table Mountain mine (sec.
15, T. 7 S.,, R. 18 E.), the Galiuro Volcanics rest on
Escabrosa Limestone and to a minor extent on beds
that may belong to the Martin Formation.

Along almost the entire east edge of their outcrop
area, the Galiuro Volcanics are overlain with marked
unconformity by Hell Hole Conglomerate or are in
fault contact with the conglomerate. Small outliers
of conglomerate cap the volcanics in upper Booger
Canyon (east edge sec. 25, T. 5 S., R. 18 E.) and just
north and south of Aravaipa Canyon.

Some evidence points to the likelihood of two or
possibly three unconformities within the Galiuro Vol-
canics at the following stratigraphic horizons: (1)
Base of upper andesite. The upper andesite unit of the
Horse Canyon region rests on the rhyolite-obsidian unit
in the northern part of the outcrop area, but a very
similar andesite overlies the intermediate andesite
unit in the eastern part of the Aravaipa Can-
yon section, and this intermediate andesite in
turn underlies the rhyolite-obsidian unit farther
down the canyon; if the two upper andesites are in-
deed the same, then either the rhyolite-obsidian unit
is extremely lenticular or there is an unconformity
between it and the overlying upper andesite. (2) Base
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of upper tuff. A coarse-grained tuff, the upper tuff
unit, overlies the rhyolite-obsidian unit north of Ash
Creek and also just north of Aravaipa Canyon. At
Aravaipa Canyon the tuff also overlaps the contact
between upper andesite and the underlying rhyolite-
obsidian unit, and the contact is clearly unconform-
able, but the regional extent is uncertain; farther
south the upper tuff rests on the intermediate ande-
site, and both the upper andesite and the rhyolite-
obsidian unit are missing, but whether as a result of
erosion or nondeposition could not be determined.
(8) Top of lower andesite. At the south end of the
outcrop area, the upper part of the lower andesite
unit contains 800-900 feet of heterogeneous andesitic
lavas, flow breccias, and tuffs that are missing farther
north. Furthermore, at one place welded tuff corre-
lated doubtfully with the lower welded tuff unit rests
directly on rocks that elsewhere are overlain by sev-
eral hundred feet of lower andesite. Although the
exact relations among the various volecanic rocks ex-
posed in the Right Prong of Fourmile Creek could
not be worked out satisfactorily, it seems likely that
an unconformity of at least local extent exists at the
top of the lower andesite unit.

LITHOLOGY

The Galiuro Volcanics are divided on the basis of
lithology into 12 major units, 8 of which have sub-
units of more restricted occurrence.

The formation is made up of lavas ranging in com-
position from rhyolite to olivine andesite or basaltic
andesite, tuff of approximately the same compositional
range but in which the silicic types greatly predomi-
nant, welded tuff of rhyolitic to quartz latitic com-
position, and coarse silicic pyroclastic rocks. If the
aggregate thickness of the formation is taken as 6,500
feet, then andesite and olivine andesite account for
about 3,100 feet, or 48 percent of the thickness; silicic
lava, tuff, and welded tuff for about 2,400 feet, or 37
percent; rhyolitic lava and obsidian for about 700
feet, or 10.5 percent; and coarse silicic tuffs for about
300 feet, or 4.5 percent. If a broad division is made
into andesite on one hand and more silicic rocks on
the other, then the proportions would be approxi-
mately 48 percent of the andesite group and 52 per-
cent of the more silicic rocks.

The various units will be described in ascending
stratigraphic order.

LOWER ANDESITE UNIT

The most extensive lithologic unit of the Galiuro
Volecanics is the lower andesite, which crops out over
an area of about 27 square miles near the southwest
corner of the quadrangle. The summit of the Galiuro
Mountains from the west edge of the quadrangle east-

southeastward for nearly 7 miles is underlain by the
lower andesite unit. Included in the unit and shown
separately on the geologic map are a subunit of silicie
lava and subordinate tuff, three small accumulations
of dominantly pyroclastic rocks believed to be fossil
ash .cones, and a sequence of heterogeneous silicic
volcanic rocks.

In many places the lower andesite unit is more than
1,000 feet thick. In a valley tributary to Copper
Creek in the eastern part of sec. 36, T. 7 S., and sec.
1, T. 8 S., both R. 18 E., an estimated 1,300 feet of
lower andesite overlies Paleozoic and Mesozoic rocks
and Copper Creek Granodiorite. On the southwest
slope of Little Table Mountain, about 1,150 feet of
lower andesite is exposed between the underlying
Glory Hole Volecanics and the overlying lower welded
tuff unit; and on the north side of the mountain, a
similar thickness of andesite rests on Paleozoic rocks
of the Table Mountain mine area. At the south edge
of the quadrangle along a tributary of Copper Creek,
the lower andesite is more than 900 feet thick.

The basal contact of the lower andesite was de-
scribed briefly in the section on stratigraphic relations
(p. 69). At the Table Mountain mine in secs. 15 and
22, T. 7 S., R. 18 E., the andesite rests on an irregular
surface of considerable relief cut on limestone or jas-
peroid of the Escabrosa Limestone or on the Mar-
tin(?) Formation. Locally, as in the westernmost
branch of Virgus Canyon in sec. 15, the base of the
andesite is a thin conglomerate composed almost en-
tirely of small fragments of limestone and jasperoid;
the conglomerate fills shallow channels on the under-
lying limestone, and the limestone itself is altered to
a pinkish color for 1-8 feet below the contact.

In Copper Creek, the lower andesite rests in ero-
sional unconformity on Copper Creek 7ranodiorite
and to a lesser extent on Bolsa Quartzite and on
arkosic sandstone and quartzite of possible Cretaceous
age. The base of the andesite is indurated red con-
glomerate having a tuffaceous matrix, in beds 0.5-3
feet thick. The lower part of the conglomerate con-
tains abundant angular fragments of Copper Creek
Granodiorite together with quartzite and volcanic
rocks. Locally the granodiorite has a red or tan
weathered zone just below the volcanics. Prevolcanic
local relief on the granodiorite was at least 100 feet,
and the valleys in part at least were filled with con-
glomerate prior to eruption of the andesite.

Near the head of Dry Camp Canyon in sec. 27, T.
7 S., R. 18 E., the base of the unit is a thin bed of red
tuff that rests on welded rhyolitic tuff and breccia
assigned to the Glory Hole Volcanics. In the SW.
cor. sec. 26 is an outcrop 200-500 feet long and 10-15



TERTIARY SYSTEM 71

feet thick of clean white quartzite, most of which is
pervasively brecciated. This rock lies between the
basal flows of the lower andesite and the upper silicic
tuff and breccia of the Glory Hole Volcanics, but the
field relations are obscure because of poor exposures.
The intimate brecciation of the quartzite suggests
that the outcrop may be that of a large landslide
block; no other explanation comes to mind. The near-
est occurrence of similar quartzite is a little more
than 2 miles southeast, where coarse-grained quartz-
ite of unknown age forms large xenoliths in Copper
Creek Granodiorite. Float boulders of similar rock
were seen in uppermost Parsons Canyon in sec. 25,
T.7 S, R. 18 E., but the rock was not found in place.

Along its upper contact the andesite is overlain
principally by the lower welded tuff unit in the north-
western part of the outcrop area and by Hell Hole
Conglomerate in the eastern part.

The lower andesite is made up predominantly of a
monotonous succession of red, purple, or gray ande-
site or basaltic andesite flows, flow breccias, and ag-
glomerates 15-50 feet thick. Tuff is not abundant,
and most tuffs are light colored and appear to be
more silicic than andesite. The lavas are dense fine-
grained rocks, generally containing small phenocrysts
of olivine, and many are vesicular or amygdaloidal.
The flows commonly have a red or orange flow breccia
at the base and a scoriaceous top. A lens of buff to
violet tuffaceous conglomerate 200-300 feet long and
less than 5 feet thick is intercalated in the andesite
flows on the ridge between Parsons and Virgus Can-
yons in sec. 23, T. 7 S, R. 18 E.

On the ridges between the Table Mountain mine
and Little Table Mountain, the bulk of the lower
andesite unit, at least 800 feet thick, consists of fine-
grained reddish-gray or grayish-red platy lavas con-
taining phenocrysts of plagioclase feldspar and sparse
olivine. Included in this section is an accumulation
of coarse agglomerate, consisting of blocks of black
lava as much as 2 feet across embedded in a light-
green or red fragmental matrix; this rock probably
is a vent- or near-vent-agglomerate. Locally west of
the mine, the base of the unit is a purplish-gray to
black fine-grained flow breccia containing phenocrysts
of olivine only. On the prominent knob about half a
mile west of the mine, the andesite contains a red
open-textured coarse agglomerate made up of frag-
ments 2-5 cm across of purplish-black vesicular por-
phyritic andesite in a sparse fragmental matrix. The
rocks between here and the Escabrosa Limestone to
the north are gray and grayish-red flows of olivine
andesite.

The upper part of the lower andesite unit in upper
Oak Grove Canyon is a sequence of highly laminar

fine-grained gray to dark reddish-purple lava flows
that weather a blotchy bright red and are cut by
prominent joints perpendicular to the lamination.
Some of the flows contain abundant red phenocrysts
of a completely altered mafic mineral, probably oli-
vine, and a few small plagioclase feldspar phenocrysts
in a stony groundmass; others are platy vesicular
rocks that do not contain phenocrysts. On the hill
shown by the 5,000-foot contour on the west edge of
sec. 13, T. 7 S., R. 18 E., a sequence of at least five
andesite flows, each about 20 feet thick, is capped by
a platy grayish-red vesicular andesite containing
sparse phenocrysts of feldspar and pyroxene. In thin
section, crystals of these minerals together with some
of iron ore are set in a fine-grained intergranular
matrix composed of plagioclase microlites about 0.05
mm long, pyroxene, iron ore, and considerable inter-
stitial irresolvable material of low relief and bire-
fringence, probably potassium feldspar. Plagioclase
phenocrysts are 0.2-0.5 mm across and are about
Ang.¢s in composition. Colorless clinopyroxene forms
phenocrysts as much as 0.5 mm across; some is in ag-
gregates with plagioclase and iron ore.

A chemical analysis and norm of the rock from the
top of hill 5000 follow, together with the chemical
composition and norm of Nockolds’ (1954) average
doreite for comparison. A semiquantitative spectro-
graphic analysis of the same rock is given in table 2,
column 6.

Chemical analyses, in percent, of andestite and average doreite

Bulk analysis Normative minerals
Constituent 1 2 Mineral 1 2
57.59 | 56.00 7.2
16.70 | 16.81 15.6
6. 55 3.74 29.9
.99 4.36 22.2
2.15 3.39 4.1
5.27 6.87 8.5
4,05 3. 56 3.0
2. 37 2. go 5.3
.72 2\ hme oo | 685 | ...
102 |-oooeoo 2.4
1.37 129 || bl oo L39Ol
.38 .33 .8
.10 13
1) A
W01 |
206 |—aoooe

Total
Powder density..

1. Andesite flow in lower andesite unit, Galiuro Volcanics, west edge sec. 13, T,
7 8., R. 18 E. Laboratory No. F268l. Analyst, Dorothy F. Powers, U.S. Geol.
Survey. The rock is chemically similar to both latite and andesite and might
therefore be called rhyoandesite.

2. Average doreite (Nockolds, 1954, table 5, col. 2).

The thick section of lower andesite in sec. 36, T. 7 S.,
and sec. 1, T. 8 S., both R. 18 K., is made up for the

most part of numerous flows 20-50 feet thick of high.Iy
vesicular purplish-gray fine-grained olivine andesite
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having prominent red scoriaceous tops and bottoms.
A specimen from near the base of the unit is a grayish-
red (10R 4/2) practically nonporphyritic slightly
amygdaloidal rock that in thin section contains only
sparse phenocrysts 0.1-0.5 mm across of altered
olivine in an intersertal groundmass. Olivine is altered
to pseudomorphs of weakly pleochroic yellow to brown
iddingsite. The groundmass consists of plagioclase
microlites (about Any) 0.1-0.3 mm long and interstitial
iron ore, olivine, pyroxene, and considerable devitrified
brownish glass.

Just southwest of the large outcrop of the latite
subunit in the NEY sec. 33, T. 7 S., R. 19 E,, the
south fork of the Right Prong of Fourmile Creek is
floored for 2,000 feet upstream by a coarse-grained
grayish-red (10R 4/2) very uniform andesite that
probably is the center of a thick flow, although it could
possibly be a sill within the unit. Microscopically, the
rock consists principally of plagioclase feldspar (Ang.ss,
zoned to Ang;, at the rims) and clinopyroxene in a
hypidiomorphic aggregate of crystals 1-5 mm across.
A few grains of blackish-orange iron oxide may be
altered olivine. The pyroxene is a colorless type in
which ZAc¢==43°; multiple twins are common. A
very small amount of potassium-bearing material
occult in the groundmass is revealed by staining with
sodium cobaltinitrite.

On Little Table Mountain the top of the lower
andesite immediately underlying the lower welded
tuff is a flow 50-60 feet thick of coarsely porphy-
ritic (“turkey-track”) andesite, having a scoriaceous
top, that weathers to very rough outcrops. This rock
type is widely distributed in the Galiuro Volcanics as
well as in the Horse Mountain Volcanics of the Turn-
bull Mountains.

A specimen from the middle of the flow is a dark-
gray highly vesicular rock. In thin section, it con-
tains euhedral phenocrysts of plagioclase feldspar
(Anss.es) 2-10 mm across, and smaller grains of oli-
vine in an intergranular groundmass. The plagioclase
phenocrysts show multiple oscillatory zoning within
a narrow range. Olivine is completely altered to
orange iddingsite. One small phenocryst of clino-
pyroxene was seen, but otherwise pyroxene seems to
be confined to the groundmass, which consists of a
mesh of plagioclase microlites (Angg) and interstitial
iron ore, pyroxene, and fine-grained potassium feld-
spar(?).

A chemical analysis and norm of this rock are given
below, together with the chemical composition and
norm of Nockolds’ (1954) average doreite for com-
parison. A semiquantitative spectrographic analysis
of the same rock is in table 2, column 7.

QUADRANGLE, ARIZONA

Chemical analyses, in percent, of porphyritic ‘“‘turkey-track’
andestte and average doreite

Bulk analysis Normative minerals
Constituent 1 2 Mineral 1 2

109 o 7.2
AlOso oo 15.6
Fesz0s 29.9
FeO. . oes 22.2
MgO.. 4.1
Ca0.... 8.5
NagO.___ 3.0
Kj0__ 5.3
HoO+ oo 861 920 hmo .| 304 _____
Hz0— 2.4
TiOg oo .8
PaOs .

MnO

(107 S

Total ___.._.___..
Powder density- -

1. Porphyritic “turkey-track’ andesite, Little Table Mountain (N34 sec. 27, T.
7 8., R. 18 E.), at top of lower andesite unit, Galiuro Volcanics. Laboratory No.
F2682. Analyst, Dorothy F. Powers, U.S. Geol. Survey.

2. Average doreite (Nockolds, 1954, table 5, col. 2).

Except for having a somewhat lower silica content
and a much higher ratio of ferric to ferrous iron
(probably to be explained in part by the abundance
of magnetite and the scarcity of pyroxene), the Little
Table Mountain rock is chemically very similar to
average doreite.

Nearly identical “turkey-track” andesite crops out
in the same stratigraphic position on west side of the
east fork of Oak Grove Canyon near the south end
of the line between secs. 17 and 18, T. 7 S., R. 19 E.

Some of the “turkey-track” andesite exposed in the
lower Right Prong of Fourmile Creek is pillow lava,
having irregular somewhat flattened pillows as much
as 5-6 feet long. The individual pillows have a
prominent concentric layering, and a scoriaceous rim
marked by large platy plagioclase phenocrysts
oriented parallel to the surface of the pillow and a
massive core having less uniformly oriented plagio-
clase plates. Small amounts of grayish-red silty
material fill interstices among the pillows. The rock
from the cores is a brownish-gray andesite rather
typical of the “turkey-track” type. It is made up of
euhedral plagioclase feldspar plates 0.5-1.5 cm across
and scattered millimeter-size grains of altered olivine
in a fine-grained matrix. Microscopically the plagio-
clase phenocrysts are completely altered to sodic
plagioclase, probably nearly pure albite, and car-
bonate, and olivine is completely altered to carbonate,
serpentine, and iron oxide. The intersertal ground-
mass consists of plagioclase microlites thoroughly
altered to carbonate, and interstitial pale-brown de-
vitrified glass, iron ore, hematite, and apatite. The
material interstitial to the pillows is made up of

angular fragments, mostly less than 0.1 mm across,
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of quartz and feldspar in a very fine grained matrix

of dusty granular quartz.

The rocks along the northeastward-trending ridge
in the SEY, sec. 4, T. 8 S., R. 19 E., southeast of
Mescal Peak include the following, from bottom to
top:

1. Dark-purple conspicuously porphyritic andesite
containing scattered grains of bronze-red (altered
olivine?) and greenish (altered pyroxene?) mafic
minerals. Includes some tan to buff porphyritic
vesicular andesite or latite containing quartz amyg-
dules, and also some grayish-green or olive coarse-
grained porphyritic andesite that weathers to well-
developed spheroids.

2. A gray, green, or purple massive flow of porphy-
ritic andesite about 300 feet thick, becoming vesicu-
lar and amygdaloidal toward the top. In thin sec-
tion, an olive-gray (5Y 8/2) rock from near the
center of the flow has a hypidiomorphic texture.
It is made up of about 75 percent plagioclase feld-
spar (Anssss, zoned near the rims to albite) in
grains as much as 5 mm long, and 25 percent color-
less clinopyroxene in grains 0.5-2 mm across, a
little iron ore, abundant tiny needles of apatite, and
appreciable amounts of a yellow micaceous mineral
of moderate birefringence and refractive index
>1.54, possibly nontronite. The immediately over-
lying rock has sparse interstitial pale-brown slightly
devitrified glass that may represent original ma-
terial from which the yellow micaceous mineral
was derived.

3. A monotonous sequence of thin flows of purple or
gray vesicular porphyritic andesite, about 300 feet
thick.

4. A thick flow of gray porphyritic andesite con-
taining rusty red phenocrysts of plagioclase feld-
spar, flows and flow breccias of red to purple por-
phyritic andesite containing pyroxene phenocrysts
altered to an apple-green aggregate, and dark-
purple fine-grained andesite containing abundant
vesicles lined with a green micaceous mineral, per-
haps celadonite.

5. A cliff-forming flow a few tens of feet thick of violet
to grayish-purple medium-grained andesite contain-
ing sparse phenocrysts of biotite and of pyrox-
ene(?) altered to a greenish or cream-colored
aggregate.

6. On the crest of the Galiuro Mountains, at the
south edge of sec. 4, T. 8 S., R. 19 E., about 200
feet of grayish-red (5R 4/2) platy porphyritic
andesite having well-developed flow layering. In
thin section, this rock contains phenocrysts of
plagioclase feldspar (Anys) as much as 8 mm across,

and sparse smaller grains of altered clinopyroxene

and iron ore in a matrix of very dusty devitrified

glass. Plagioclase phenocrysts are rounded and are
strongly zoned to albite near the rims.

The summit of Mescal Peak itself is made up of
grayish-red hard porphyritic andesite flows and flow
breccias containing numerous small quartz amygdules.
Southwest of hill 5648, to the southwest of Mescal
Peak, the upper part of the unit contains at least 9
reddish to purplish flows of porphyritic pyroxene
andesite 10-30 feet thick that dip 8°-10° NE.

Farther south of Mescal Peak, as far as the quad-
rangle boundary, the crest of the Galiuro Mountains
is made up of a pile of red or purple vesicular and
sparsely porphyritic andesite flows, some containing
large quartz amygdules. The rocks on the 6,000-foot
hill on the south edge of the quadrangle in sec. 9,
T. 8 S., R. 19 E., are reddish-purple flat-lying very
platy fine-grained to sparsely porphyritic andesites.
A specimen from this hill is a streaked dusky red to
pale-red porphyritic rock having a very fine grained
groundmass. Microscopically, this rock has euhedral
phenocrysts of zoned plagioclase feldspar (Angg.zo)
and smaller sparse grains of clinopyroxene set in a
dusty pilotaxitic groundmass of plagioclase microlites
(about Ang) 0.02-0.05 mm long. Along the flow
layering are lenses a millimeter or so thick of coarse
granular quartz, which may be fillings of stretched
vesicles. Toward the northwest, the sequence in-
cludes some greenish-gray hard sandy tuff and pur-
plish tuff and breccia in the upper part, and also
some tuff and breccia near the base, overlying the ash
cone of Copper Creek. (See below.)

From the vicinity of the Lackner Ranch, at the
confluence of the Right and Left Prongs of Fourmile
Creek, southeastward to the quadrangle edge, the unit
includes flat-lying light-gray, tan, white, or pinkish
fine-grained porphyritic rocks of uncertain composi-
tion, possibly latite, in addition to the usual purple,
red, or gray porphyritic and amygdaloidal andesites.

A rather heterogeneous group of silicic lavas and
subordinate tuffs that crop out principally along the
Right Prong of Fourmile Creek and its tributaries is
intercalated in the lower andesite and is shown sepa-
rately on the map. The dominant rock type appears
to be latite. Rocks assigned to this subunit have a
total outcrop area of only about 1.5 square miles, most
of which is in secs. 20, 28, 29, and 32, T. 7 S., R. 19 E.

The latite subunit is highly lenticular and varies so
much in thickness that a figure for average thickness
would have little meaning. On the southwest side of
the hill in the SE14 sec. 29, where the contacts are
best exposed, the subunit has a maximum thickness of
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200-250 feet, but on the southeast side of the same
hill it pinches out. The large isolated outcrop farther
south in sec. 32 has a maximum thickness of nearly
500 feet, which also diminishes to zero half a mile
northeast. At the head of Turkey Creek in the north
part of sec. 29 the latite has an apparent thickness,
calculated from the dip of the basal contact, of about
800 feet, but this figure seems excessive in comparison
with thicknesses elsewhere.

The basal contact of the latite, wherever exposed,
appears to be conformable.” The base is well exposed
in the deep canyon tributary to the Right Prong of
Fourmile Creek in the SE14 sec. 32, T. 7 S, R. 19 E,,
where flow breccia and purple andesitic tuff of the
lower andesite are overlain in sharp contact by 1-2
feet of green silicic tuff of the latite subunit. All the
rocks are fresh, and no evidence was found of an
erosional unconformity at the top of the andesite.
Half a mile or so farther north, on the north side of
the Right Prong, brown stony devitrified vitrophyre
and coarse-grained flow breccia of the latite subunit
rest on practically flat-lying dark-purple amygda-
loidal andesite. The base of the outcrop in the NE1/
sec. 33 is also a flow breccia.

The upper contact of the latite, although locally
conformable, is disconformable in most places. On
the southeast side of hill 5500 in the SE1; sec. 29,
the latite is overlain by “turkey-track” andesite that
dips about 10° N.; the surface on the latite slopes as
steeply as 60° and the andesite appears to fill an old
valley eroded in the latite. On the north and west
sides of the same hill, the latite, dipping 20°-30° E.,
is overlain by flat-lying welded tuff correlated rather
doubtfully with the lower welded tuff unit, and sev-
eral hundred feet of lower andesite apparently is
missing.

The Iatite subunit in the central part of sec. 20,
T. 7 S.,, R. 19 E,, is a heterogeneous assemblage of
laminated gray and purple porphyritic latite lavas,
massive red and yellow agglomerate, and other rocks
that dip about 30° NE. Farther south, in the N1,
sec. 29, the subunit is made up mostly of purple to
gray finely laminated (almost slaty) very fine grained
lava containing phenocrysts of biotite and feldspar.
The rock has a clear ring when struck with a hammer.
The base of the subunit is several tens of feet of
welded breccia. West of hill 5500 in the SE. cor.
sec. 29, the subunit consists of very fine grained
streaked gray and red practically nonporphyritic
lavas containing many tiny flecks of biotite(?).
South of this hill the subunit includes a layer 25-30
feet thick of brown vitrophyre containing abundant

pods of red devitrified material usually 2-10 cm
across.

The latite in sec. 32 consists, from bottom to top,
of 1-2 feet of green silicic tuff, 8-10 feet of chaotic
coarse-grained breccia, 10-15 feet of brown laminated
somewhat devitrified biotite obsidian, and gray to
violet slaty lava containing abundant quartz-lined
bubbles. The breccia consists of angular blocks as
much as several feet across of pale-green fine-grained
stony or almost glassy volcanic rock in a slightly
darker fragmental matrix of the same material;
phenocrysts are scarce in both blocks and matrix.
The uppermost lava is a very fine grained laminated
vesicular and porphyritic latite(?) containing abun-
dant phenocrysts of biotite and feldspar.

The small isolated outcrop of the subunit in the
S14 sec. 33 consists of rhyolite flow breccia.

Near the center of the line between secs. 27 and 28,
the base of the latite subunit is 20-25 feet of distinc-
tive greenish to cream-colored lithic-vitric rhyolite
tuff breccia. The tuff contains crystals of quartz and
feldspar and numerous angular fragments as much as
4 cm across of purple and red very fine grained vol-
canic rock. Some fragments are of light-violet por-
phyritic rhyolite containing large phenocrysts of
feldspar. Most of the fragments are probably cog-
nate. The tuff-breccia is overlain by a massive silicic
rock, perhaps a completely welded version of a similar
rock.

The mass of latite in the NE14 sec. 33, T. 7 S., R.
19 E., is a thick stubby lens of lava having highly
contorted flow layering. At the southeastern tip of
the outcrop in the south fork of the Right Prong,
both the top and the bottom contacts of the latite are
exposed; and at the north end of the outcrop, the
basal contact is poorly exposed in the north folk of
the Right Prong; elsewhere only the upper contact
crops out. The highly lenticular shape of the mass
and the contorted flow laying suggest that it is a
near-vent accumulation of viscous lava, but no vent
was recognized. A specimen from near the center
of the outcrop is a streaked pale-red (58 6/2) and
light-gray dense fine-grained rock containing a few
1-2 mm phenocrysts of feldspar and biotite. Under
the microscope, crystals of sanidine perthite, sodic
plagioclase, blackened biotite, and a little apatite and
iron ore are set in a patchily birefringent groundmass
having an aggregate refractive index less than 1.54.
The feldspar phenocrysts are rather altered and tend
to tear out of the thin section during grinding, so
that only a few integral grains remain. Sanidine
grains have scattered irregular perthitic inclusions of
plagioclase and also are rimmed with very finely
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twinned plagioclase feldspar of uncertain origin. The
composition of the groundmass is uncertain, but prob-
ably both potassium and plagioclase feldspar are
present. Although there are no true microlites, there
is nevertheless a suggestion of flow laying indicated
by vague incipient grains of some feldspar.

The three narrow northwestward-trending tongues
mapped as latite submit in the E14 sec. 28 are faulted
parts of a single lens of streaked red and gray biotite
rhyolite intercalated in the lower andesite unit. The
rock is rather different from the rest of the latite
subunit; it contains much more biotite and has a
strong textural resemblance to welded tuff, and is
probably a little higher in the section inasmuch as it
rests in part on “turkey-track” andesite which else-
where rests on the latite; however, it is grouped with
the latite as it probably represents about the same
interruption in the effusion of andesitic lavas that
constitute the bulk of the lower andesite unit.

An accumulation of dominantly pyroclastic voleanic
rocks in the SW1, sec. 5, T. 8 S., R. 19 E., is inter-
preted as a fossil volcanic cone. The cone has a
small core or neck of dark-gray very fine grained
hard volcanic rock that is exposed only in the bottom
of Copper Creek in the narrow gorge just southwest
of the closed 5,000-foot contour in the center of the
SW14 sec. 5. Arranged around this core and having
quaquaversal dips of 10°-45° is an accumulation of
tuff, breccia, agglomerate, and volcanic conglomerate.
In the northeast part of the outcrop, the pyroclastic
section consists, from top to bottom, of 16 feet of
cream-colored well-sorted crossbedded thoughly in-
durated clean sandy vitric tuff, 15-20 feet of well-
bedded pale greenish-yellow vitric tuff and vitric-
lithic tuff and breccia, and an unknown thickness of
purple fine-grained to sandy andesitic tuff. At least
the upper part of the sequence is waterlaid, and per-
haps accumulated in shallow water near the postu-
lated source vent. In this section a pale-red (52 6/2)
tuff near the top is composed almost entirely of sub-
rounded to subangular grains of devitrified glass
0.2-0.5 mm in diameter, and sparse cement of iron
oxide and very fine grained quartz. Scattered grains
of biotite, sodic plagioclase, and iron ore are the only
crystal components. The glass has a refractive index
well below 1.54.

Conglomerate is well exposed upstream from the
core and is a blue-gray, violet, or grayish-purple
coarse-grained well-indurated rock made up of angu-
lar to subrounded fragments 2-10 cm across of gray,
red, or purple fine-grained vesicular volcanic rock in
a fine-grained matrix of pepper-and-salt tuff.

728-931 O -64 - 6

The rock of the core is dark gray and has a faint
red cast. It contains only widely scattered phenocrysts
of feldspar 1-2 mm across. In thin section the rock
is composed of laths of plagioclase feldspar (Ango.s),
mostly 0.05-0.2 mm long, set in a very fine grained
somewhat devitrified glassy groundmass crowded with
granules of iron ore. A similar rock makes up the
large dike just southwest of the neck.

Adjoining the core is a dark-red coarse-grained
vent breccia made up of rounded to subgrounded
fragments of dense or vesicular core rock as much as
2 feet across, mostly less than 34 inches across. The
fragments are enclosed in a red dusty matrix. Poorly
developed, nearly vertical columnar joints cut the
breccia.

Another accumulation of tuff and breccia believed
to possibly represent part of a much-eroded fossil
ash cone is in the N14 sec. 31, T. 7 S., R. 19 E., along
and on the north side of the Right Prong of Fourmile
Creek. It consists of red or purple fine- to medium-
grained well-bedded andesite tuff, and some conglom-
erate consisting entirely of fragments of andesite.
The highest beds exposed are purple sandy tuff and a
thin brick-red conglomerate. These beds dip 25°-35°
in a general easterly direction and are overlain un-
conformably by nearly flat-lying red, dark-red, or
gray highly amygdaloidal porphyritic olivine ande-
site flows and flow breccias. The unconformity be-
tween tuffs and lavas on the knob in the center of
the NE14 sec. 31 is shown on figure 19.

A third possible ash cone, exposed over an area of
only about 500 by 800 feet, is just north of the center
of sec. 7, T. 8 S., R. 19 E., in a northwesterly sloping
tributary of Copper Creek. It comsists of red to
purple soft tuff and agglomerate that have quaqua-
versal dips of 25°-35°.

At least five breccia pipes cut the lower andesite
unit in the SW14 sec. 27 and NW1j sec. 34, T. 7 S,,
R. 19 E. An elliptical pipe 500-600 feet long is ex-
posed in a gully near the top of the divide between
Turkey Creek and the Right Prong of Fourmile
Creek in the NW1, SW1i, sec. 27. The pipe trends
about N. 80° W. and has almost vertical walls; one
tongue projects a short distance eastward. The north-
east contact is marked by many orange-stained slick-

. Red to purple andesitic
27 7 tuff and conglomerate

FicURE 19.—Sketch of unconformity between tuff and overlying lava
on knob shown by the closed 5050-foot contour, NEY sec. 31, T. 78,
R.19 BE. Looking S. 20° W.
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ensided surfaces and seems to dip inward. In one
outcrop the breccia is faintly layered, striking N. 15°
E. and dipping 35° E.

The breccia is a reddish-orange, orange, pink, or
white rather fine grained aggregate of angular frag-
ments of white to light-gray chalky rhyolite or
trachyte, some orange and gray glassy spherulitic
tuff, and a very few small grains of feldspar, quartz,
and biotite(?) in a very fine grained fragmental, prob-
ably vitric, matrix. Some fragments of brownish-
pink porphyritic trachyte(?) are as much as 2 feet
across; the feldspar phenocrysts of these fragments
are chalky and indeterminate.

The most westerly of a group of four pipes near
the line between secs. 27 and 34, T. 7 S.,, R. 19 E,, is
a few tens of feet across and crops out as a very steep
sided knob rising abruptly above the surrounding
rocks. The pipe is made up of angular to subrounded
fragments of cream-colored, pink, or red fine-grained
much altered silicic volcanic rock in a pale red-purple
to light-gray dense fine-grained fragmental matrix
cemented by opal. The red color of the matrix is due
to very finely divided hematite disseminated in the
opal. The volcanic fragments attain a size of 18
inches, but most are less than an inch across.

A sequence of heterogeneous silicic voleanic rocks lies
between the lower andesite unit or the latite sub-
unit and the overlying Hell Hole Conglomerate for
about half a mile along the north side of the Right
Prong of Fourmile Creek in the SW1; sec. 27, T. 7
S., R. 19 E. These rocks include obsidian, red and
buff silicic tuff, and some lavas. At the Lackner
Ranch at the mouth of the Right Prong, massive
agglomerate and well-bedded semiconsolidated sandy
crystal and lithic tuff of rhyolitic or latitic composi-
tion, overlain with apparent conformity by Hell Hole
Conglomerate, may be part of the same sequence. A
chaotic accumulation of coarse-grained rhyolitic pyro-
clastic material just southwest of the mouth of the
Right Prong is thought to mark a vent. These silicic
rocks rest on, and possibly are much younger than,
the lower andesite unit, but they cannot be correlated
with any other unit of the Galiuro Volcanics, and
therefore are shown on the geologic map as a subunit
of the lower andesite.

LOWER WELDED TUFF UNIT

A well-exposed and lithologically distinctive vitric-
crystal biotite latite welded tuff crops out along a
narrow belt from the west edge of the quadrangle in
sec. 10, T. 7 S, R. 18 E. eastward for 4 miles, and
marks the division between the dominantly silicic
upper part of the Galiuro Volcanics and the domi-
nantly andesitic lower part. The area of outcrop of

the lower welded tuff is only about 2 square miles,
but the considerable extensions down the dip along
the bottom of Virgus, Parsons, and Oak Grove Can-
yons suggest that it probably underlies an additional
area of at least 4-5 square miles. Furthermore, ero-
sional outliers on Little Table Mountain and on a
hill in the W14, sec. 20, T. 7 S., R. 19 E., and pre-
sumed outliers of the same unit on the north side of
the Right Prong of Fourmile Creek in secs. 28 and
29, T. 7 S, R. 19 E., indicate that the total areal
extent within the quadrangle may have been as much
as 20 square miles. Finally, the unit is known to cap
Holy Joe Peak, 2.3 miles west of the Klondyke quad-
rangle; it therefore crops out over an area 6-7 miles
long in an easterly direction and 3—4 miles wide.

The lower welded tuff ranges in thickness from
about 250 feet along most of its outcrop to possibly
as much as 350 feet where it crosses Parsons Canyon.
The outlier in sec. 20, T. 7 S., R. 19 E., is about 175
feet thick without the top being present, and the
outlier farther southeast is somewhat thinner. The
section on Little Table Mountain is only about 55 feet
thick, but a considerable part of the unit has been
eroded off, as the highest outcrops are solidly welded
tuff. The base of the unit is well exposed in several
places, but the upper contact seems everywhere to be
a surface of at least moderate erosion, inasmuch as
the nonwelded tuff that ordinarily constitutes the top
of a welded tuff sheet was not recognized anywhere.

Perhaps the best exposures of the basal part of the
lower welded tuff are on Little Table Mountain in
secs. 22 and 27, T. 7 S., R. 18 E. Here the tuff rests
on a layer of “turkey-track” andesite that constitutes
the top of the lower andesite unit and completely en-
circles the southeast end of Little Table Mountain.
A diagrammatic columnar representation of the Little
Table Mountain section appears on figure 20.

As shown in the section, 2-3 feet of basal whitish
to cream-colored nonwelded tuff grades upward suc-
cessively into orange slightly welded tuff, brown
partly welded tuff, black vitrophyric welded tuff, and
typical reddish strongly welded tuff. The tuff section
below the vitrophyre is 10-15 feet thick, and the vitro-
phyre is 15-20 feet thick. The contact between partly
welded tuff and vitrophyric welded tuff is sharply
gradational, the transition taking place within a
stratigraphic interval of about a foot. In this same
interval, the color changes gradually upward from
brown through streaked brown and black to black.
The brown tuff weathers to angular blocks, whereas
the vitrophyre erodes to rough rounded outcrops. The
specific gravity of the basal nonwelded tuff is about
1.88, increasing to 2.26 about 8 feet above the base,
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A section of the lower welded tuff at the south end
of the outcrop east of Parsons Canyon in sec. 14, T.
7 8., R. 18 E. consists, from bottom to top, of a few
feet of pink biotite latite tuff that rests on purplish
to red vesicular stony andesite flow breccia, 15-20 feet
of dark-gray latite vitrophyre, and 90-95 feet of red
biotite latite welded tuff. The rocks are similar petro-
graphically to those of Little Table Mountain.

In the SE1 sec. 18, T. 7 S., R. 19 E., at the east
end of the principal outcrop area, the lower welded
tuff appears rather different. A specimen collected
near the end of the outcrop is a pale-red (5& 6/2)
fine-grained crystal-rich biotite latite welded tuff.
This rock is so conspicuously streaked with gray that
it resembles a lava as much as a welded tuff. In thin
section, crystal fragments and a few rounded pheno-
crysts 0.5-2 mm across of thoroughly blackened red-
dish biotite, zoned plagioclase feldspar (Anse.ss), and
sanidine are set in a slightly devitrified glassy ground-
mass so solidly welded that almost no shards are
visible. There are a few vague suggestions of col-
lapsed pumice. The gray streaks so marked in hand
specimen are lenticular bodies, at most a few milli-
meters thick, that have cores of quartz and rims com-
posed of a patchy aggregate of sanidine and very
fine grained cristobalite(?).

In the west fork of Virgus Canyon, near the north
end of the outecrop in sec. 8, T. 7 S., R. 18 E., the
lower welded tuff has a thin layer of vitrophyre about
6-8 feet below the contact with the overlying coarse-
grained pink tuff of the lower tuff unit; and in the
east fork of the same canyon, near the line between
secs. 10 and 11, the unit is capped by several feet of
vitrophyre overlain along a very sharp contact either
by coarse pink tuff of the lower tuff unit or by the
biotite dacite unit. In both places the vitrophyre ap-
pears almost identical with that near the base of the
welded tuff. Its relation to the underlying rock is
not known; possibly it represents the remmants of
higher welded tuff layer within the unit.

The large outlier of lower welded tuff on a hill in
the W14, sec. 20, T. 7 S., R. 19 E., is correlated with
the main outcrop on the basis of similar lithology. It
consists of about 150 feet of pink tuff and coarse-
grained red welded tuff having a little vitrophyre
near the base, capped by about 20 feet of red hard
welded tuff and, at the top, 5 feet of vitrophyre. The
significance of this upper vitrophyre, as of that far-
ther northwest, is not known; it may be near the base
of a second welded tuff layer, most of which has been
eroded away.

The rocks shown on the geologic map in secs. 28
and 29, T. 7 S., R. 19 E., north of the Right Prong of

Fourmile Creek, as part of the lower welded tuff are
correlated somewhat hesitantly with that unit on the
basis of lithology; they are about 1.5 miles southeast
of the nearest outcrop of undoubted lower welded
tuff and are interlayered with a rather different
group of rocks. On the hill in the SE cor. sec. 29,
they overlie latitic volcanic rocks and are overlain by
andesitic lavas. The supposed lower welded tuff con-
sists, from bottom to top, of 60 feet of massive
streaked red and gray solidly welded biotite latite tuff,
having most fragments less than 8 cm across, becom-
ing less welded toward the top, 10-15 feet of grayish-
brown coarse-grained biotite rhyolite or latite vitro-
phyre containing large phenocrysts of potassium
feldspar, and 65 feet of rock, probably soft tuff, that
does not crop out.

BIOTITE DACITE UNIT

A rather poorly defined sequence of dacitic or
andesitic flows is intercalated between the lower
welded tuff unit and the lower tuff unit over an area
extending from the east branch of Virgus Canyon
eastward and southeastward toward the head of
Turkey Creek, a distance of somewhat more than
4 miles. In sec. 20, T. 7 S., R. 19 E., this sequence
rests on latite of the lower andesite unit. These
rocks are referred to as the biotite dacite unit, after
the rock type that seems to be dominant; however,
the lithology of the unit varies considerably. The
biotite dacite crops out over an area of about 3
square miles.

The thickness of the unit is variable. At the west
end of its outcrop, it lenses out, so that from the east
branch of Virgus Canyon westward to the quadrangle
boundary, the lower welded tuff is overlain directly
by the lower tuff. Eastward, the biotite dacite thick-
ens appreciably and probably attains its maximum
thickness in Qak Grove Canyon, where it may be as
much as 400 feet thick. Farther southeast the unit
may be equally thick, but attitudes are irregular and
difficult to determine, and furthermore the unit is so
similar lithologically to the lower andesite unit that
the distinction between them is arbitrary to a con-
siderable degree.

The unit is made up principally of grayish-red
porphyritic lava flows of variable composition. The
flows always have phenocrysts of plagioclase feldspar
and biotite, and nearly always have hornblende and
some quartz. Potassium feldspar is rather scarce.
The dominant rock type appears to be biotite dacite,
but some of the rocks may be andesite, on the one
hand, or quartz latite or latite, on the other. The
walls of Oak Grove Canyon, in the NW14 sec. 7, T.
7 S., R. 19 E., are made up of at least two flows of
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grayish-red to grayish-purple porphyritic biotite
dacite, each 150-200 feet thick. These flows are mas-
sive cliff-forming rocks having inconspicuous colum-
nar jointing, and weather to olive-brown ragged out-
crops. In the same canyon, in the SE14 sec. 12, T. 7
S., R. 18 E., the basal part of the unit is made up of
15-25 feet of buff to maroon agglomerate, biotite
rhyolite vitrophyre, and pink agglomeratic rhyolite
that separates it from the underlying lower welded
tuff unit. The low ridge that extends some 2,000 feet
east-northeast from the center of sec. 17, T. 7 S, R.
19 E., is capped by layered rhyolite flows, rhyolite
welded tuff, and rhyolite vitrophyre. These rocks
apparently constitute an irregular thick lens within
the biotite dacite unit, although the relations with
the biotite dacite, in particular the upper contact of
the lens, are not clear. Finally, in the vicinity of hill
4764, in the NE1j sec. 20, T. 7 S., R. 19 E., the bio-
tite dacite unit includes some beds of coarse-grained
tuff-agglomerate and vitrophyre.

The biotite dacite exposed along the boundary be-
tween secs. 12 and 13, T. 7 S., R. 18 E,, is a grayish-
red to brownish-gray porphyritic rock containing
prominent phenocrysts of plagioclase feldspar as
much as 5 mm long, smaller grains of biotite and
hornblende, and locally, many clots a centimeter or
less in diameter of a fine-grained feldspar-pyroxene
aggregate, all set in a dense groundmass. In thin
section a grayish-red variety is composed of 1-3 mm
euhedral phenocrysts of andesine (Ango4s), partly
resorbed and somewhat blackened crystals of biotite
0.5-1 mm across, abundant brown hornblende, and
clinopyroxene in a pilotaxitic groundmass of tiny
oligoclase laths less than 0.05 mm long and a little
interstitial devitrified glass. Accessory minerals in-
clude prisms of apatite as much as 0.2 mm long and
much iron oxide dust. Plagioclase phenocrysts are
zoned normally to rims as sodic as Any. They con-
tain inclusions of pyrozene and hornblende; some
have inclusion-rich rounded cores and overgrowths
of sodium-rich plagioclase whose external shape is
euhedral. Hornblende is moderately pleochroic in
brownish yellow and greenish brown and has well-
defined narrow sooty borders. It has an extinction
angle of 8°, indicating that it is a variety of oxy-
hornblende. Pyroxene is a colorless type having an
extinction angle ZAc about 43°; some occurs as
grains less than 0.5 mm long that form clots 2-8 mm
across. The plagioclase-pyroxene clots consist of
these minerals plus magnetite and apatite, and seem
to be small autoliths; however, they are very similar
to accidental fragments in the underlying lower
welded tuff unit, and may indeed be xenoliths.

The biotite dacite that underlies the coarse-grained
basal tuff of the lower tuff unit in the east fork of
Virgus Canyon is a well-jointed coarsely porphyritic
lava having a rough surface and a local relief of
more than 50 feet. In hand specimen the rock is a
rather nondescript brownish gray (5Y% 5/1) and has
phenocrysts of plagioclase feldspar 1-2 mm long and
smaller grains of quartz, biotite, and hornblende(?)
in a fine-grained stony matrix. Hornblende(?)
grains have narrow borders of darker material that
may be the sooty rims noted around hornblende in
the rock just described.

The rocks capping the knob in the SE. cor. sec. 29,
T. 7 S.,, R. 19 E., are correlated provisionally with
the biotite dacite unit on the basis of their similar
stratigraphic position, although lithologically they
are rather dissimilar to that unit. They comprise,
from bottom to top, at least 5 feet of grayish-red
sandy and very dirty well-bedded tuff; 50 feet or so
of purple massive cliff-forming porphyritic andesite,
containing phenocrysts of plagioclase feldspar and
epidote-green altered mafics, and quartz-lined vesi-
cles; 35 feet of dark grayish-purple tuff and breccia
containing subordinate flow breccia and flows; and 70
feet of grayish-red (5B 4/2) porphyritic andesite
similar to that a mile or so northeast in the upper
part of the lower andesite unit. Between this se-
quence and the underlying lower welded tuff unit is
65 feet of rock, probably soft tuff, that does not crop
out; this concealed section is grouped with the lower
welded tuff on the geologic map.

On the northwest side of upper Wire Corral Draw,
the top of the biotite dacite unit is a peculiar breccia
1020 feet thick made up of angular to rounded
blocks from a few inches to several feet across of
pale-olive to dusky yellow lava containing interstitial
veinlike or irregular masses of pale reddish-brown
sandy mud. The lava has innumerable small vesicles
lined with tiny crystals of a mineral that is prob-
ably a zeolite. Some of the blocks have a vague
resemblance to pillows—a somewhat rounded or
ellipsoidal shape having a thin vesicular rim on a
solid core—whereas others are obviously fragments.
The interstitial material is slightly harder than the
lava. The blocks of lava also are traversed by a net-
work of pale reddish-brown veins of variable width,
generally less than 5 cm, that evidently formed by
oxidation of the parent rock along cracks. The fact
that these veins and the interstitial sandy material
are almost identical in color suggests that the inter-
stitial material itself may have been formed in part
or entirely by fragmentation of the lava. The gross
texture of the rock is one that might have been



TERTIARY SYSTEM 81

formed as a result of subaqueous extrusion onto, or
near-surface intrusion into, unconsolidated sediments.

Along Oak Grove Canyon for about 750 feet above
the confluence with the east fork (secs. 6 and 7, T.
7 S., R. 19 E.), the rocks below the lower tuff unit
are a peculiar assemblage of purple platy andesite
having pilotaxitic texture, red porphyritic andesite,
coarse-grained varicolored flow breccia, hard olive-
green porphyritic andesite or basalt, green and pur-
ple agglomerate, and dark greenish-black porphyritic
basalt. These rocks are cut by veinlets of calcite and
quartz. They are unlike any others in the Galiuro

Volcanics of the immediate surroundings; they seem

to dip rather steeply to the northeast, as much as
45°, and may belong to an older sequence of volcanic
rocks. On the geologic map they are grouped with
the biotite dacite unit entirely on the basis of their
stratigraphic position below the lower tuff.

LOWER TUFF UNIT

All the rocks between the biotite dacite unit or the
lower welded tuff unit and the upper welded tuff unit
are designated as the lower tuff unit. This rather
heterogeneous group includes silicic tuffs, silicic
welded tuffs, a thin but extensive flow of olivine
andesite at or near the top of the unit, and horn-
blende andesite that constitutes the base of the unit
at one place. The lower tuff crops out along Virgus,
Parsons, and Oak Grove Canyons and Wire Corral
Draw over an area of several square miles and is
presumed to underlie at least 6 square miles within
the quadrangle.

The lower tuff is about 550 feet thick in Parsons
Canyon and about 500 feet thick in the middle fork
of Virgus Canyon, and seems to be of comparable
thickness in Wire Corral Draw. Between Wire Cor-
ral Draw and Oak Grove Canyon, the lower tuff
thins rapidly, apparently against a high area on the
underlying biotite dacite unit, and pinches out com-
pletely in the east fork of Oak Grove Canyon a short
distance above the confluence with the main canyon.

A section of the lower tuff unit in the east wall of
Parsons Canyon, in the NE14 sec. 35, T. 6 S., R. 18
E. is about 300 feet thick and is made up, from bot-
tom to top, of (1) 100 feet of massive soft and
porous, white to light-gray, pink, or orange vitric
tuff containing scattered crystals of quartz and feld-
spar in a matrix of pumice and glass fragments 1-5
cm across; (2) 50 feet of buff, pink, or white massive
slightly welded vitric biotite rhyolite tuff, which
erodes to a prominent cliff that extends for about 2
miles to the south along the walls of Parsons Canyon
and then eastward into Wire Corral Draw; (3) 75
feet of soft partly welded tuff; (4) 25 feet of gray

andesite; (5) 20-30 feet of pink coarse-grained
rather hard vitric rhyolite tuff that forms a promi-
nent cliff to the north along the canyon; and (6) 25
feet of light-colored tuff containing two thin inter-
bedded layers of welded tuff.

The andesite (unit 4) below the pink tuff is a
grayish-red porphyritic lava containing small pheno-
crysts of green pyroxene and red olivine. The top
of the flow is a highly vesicular red breccia contain-
ing abundant calcite amygdules. In this section,
phenocrysts of clinopyroxene as much as a milli-
meter across and smaller grains of olivine and sparse
plagioclase feldspar (Any;) are embedded in an inter-
granular groundmass of plagioclase laths (Any;)
0.1-0.2 mm long containing interstitial iron ore and
scarce olivine and pyroxene. Olivine is completely
altered to red-orange iddingsite. Plagioclase pheno-
crysts are strongly zoned and may be as sodic as Any,
at the rims. The groundmass contains many needles
of a mineral so thin that no optical data could be
obtained; it may be clinopyroxene or apatite. In
absence of a chemical analysis, this rock might be
classified as either olivine andesite or basaltic ande-
site.

Farther south along Parsons Canyon, in the SE.
cor. sec. 35, T. 6 S., R. 18 E., the lower tuff consists of
three units each made up of an upper orange hard
tuff and a lower soft tuff; each of these units is 125-
150 feet thick. The lower tuff seems to become more
lithic in nature toward the south, and contains in-
creasing amounts of fragments of volcanic rock 2-10
cIn across.

At the stream junction in the NW1; sec. 2, T. 7 S,
R. 18 E., somewhat more than 300 feet of the lower
tuff is exposed. The unit is made up, from bottom to
top, of 90 feet of pale-buff to gray soft tuff, 10 feet
of pink hard tuff, 75 feet of gray soft tuff, 25 feet of
pink to orange hard tuff, 50 feet of soft tuff, 20 feet
of olivine andesite, and 50 feet of interbedded hard
and soft tuff, overlain by the upper welded tuff unit.

At section corner 4557 near the south end of the
outcrop in upper Parsons Canyon, the lower tuff
consists of about 875 feet of cliff-forming coarse-
grained tuff at the base, overlain successively by 125
feet of gray soft vitric biotite quartz latite tuff, partly
welded at the top; 20-25 feet of amygdaloidal por-
phyritic olivine andesite; and 20 feet of soft to partly
welded massive vitric-crystal biotite rhyolite tuff. A
hand specimen of the basal part of the uppermost
tuff is a moderate grayish-orange-pink (108 7/2)
rather soft rock made up of millimeter-size grains of
feldspar, biotite, and quartz, and scattered lithic
fragments as much as 5 mm across, in a groundmass
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of glass shards and some pumice lapilli. In thin sec-
tion, crystals and fragments of plagioclase (Ans),
sanidine, slightly blackened biotite, and quartz, and
somewhat rounded fragments of vitrophyre, obsidian,
and andesite are embedded in a matrix of dusty fresh
glass shards, mostly colorless but a few yellow to
orange. No welding is evident.

Many small erosional outliers of the lower tuff rest
on the biotite dacite unit in secs. 11 and 12, T. 7 S.,
R. 18 E. They are composed mainly of buff vitric-
lithic rhyolite tuff containing lapilli of maroon and
purple volcanic rock 1-2 cm across. The outliers are
well stratified at the base but massive elsewhere, and
seem to have been deposited subaerially.

In Virgus Canyon, the upper part of the unit is a
hard rhyolite welded tuff having prominent columnar
jointing in the upper 8-10 feet. Below this rock is
a pink massive vitric rhyolite tuff having one bed
8-10 feet thick that shows incipient columnar joint-
ing and may be slightly welded.

Along Virgus Canyon in sec. 3, T. 7 S., R. 18 E,,
the basal part of the lower tuff is a pink coarse-
grained massive quartz-rich vitric-lithic tuff at least
20 feet thick, overlain by gray or pink coarse-grained
vitric tuff that has a basal layer 3040 feet thick and
at least two other thinner layers of harder welded
tuff. The pink has many fragments 1-5 cm across
of red, purple, or gray andesite. It thickens mark-
edly toward the south end of the outcrop area; on
hill 4857 in the SE14 sec. 10, T. 7 S., R. 18 E,, it is
more than 300 feet thick and erodes to massive
rounded outcrops. On this hill, and over a consid-
erable area to the south, the pink tuff is overlain by
a partly welded vitric rhyolite tuff of a distinctive
gray color, made up of crystals of quartz and feld-
spar, probably sanidine, and lapilli of purple vol-
canic rock and white pumice in a gray to light-buff
pumiceous matrix. Abundant small rusty mafic
graing may have been biotite. The gray tuff is over-
lain by a thick section of gray, buff, or pinkish-buff
mostly massive cliff-forming vitric biotite rhyolite
tuff having some thin pinkish welded units, and this
tuff is overlain by a thin flow of purple to gray amyg-
daloidal andesite. The highest beds of the unit are
20 feet of gray to pale-buff coarse-grained vitric
tuff-agglomerate consisting of fragments of pink and
brownish pumice in a fine-grained matrix.

In Oak Grove Canyon the most northerly out-
crops of the, lower tuff unit are a light-gray massive
vitric tuff confaining scattered angular fragments of
purple, gray, or red volecanic rock 2-5 cm across. On
the ridge northwest of Black Butte, the lower tuff is
a coarse-grained pink rock generally less than 50 feet
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thick that fills irregularities on the surface of the
underlying biotite dacite unit.

Two outcrops of tuff in the N14 see. 20, T. 7 S,,
R. 19 E., are 2 miles southeast of the nearest outcrops
of unequivocal lower tuff but are correlated with this
unit on the basis of stratigraphic position and lith-
ology. The rock here is a pink coarse-grained vitric-
crystal biotite rhyolite tuff about 150 feet thick that
rests on the biotite dacite unit.

The bottom of Parsons Canyon in the SW¥ sec. 25
and the SEY sec. 26, T. 6 S., R. 18 E., is cut in light
brownish-gray porphyritic hornblende andesite that is
shown as part of the lower tuff on the geologic map.
The andesite is a massive resistant rock that formed a
hill at the time the lower tuff was deposited; local relief
on the andesite hill is at least 150 feet, and the tuff
between the andesite and the upper welded tuff unit
over the top of the hill on the east side of Parsons
Canyon is only a few feet thick. The andesite has
well-developed mostly flat flow layering defined par-
ticularly by the phenocrysts of hornblende. Locally
the andesite seems to be a breccia, having irregular
knots of fresh rock enclosed in slightly altered rock, and
at the top it has a prominent flow breccia about 50 feet
thick. The andesite therefore appears to be a lava,
and no evidence was seen that it is made up of more
than a single flow at least 150 feet thick. In hand speci-
men the rock contains large brown phenocrysts of
hornblende as much as 5 mm long and millimeter-size
grains of feldspar in a dense fine-grained groundmass.
In thin section, hornblende is considerably altered and
has dusty black rims. It is strongly pleochroic, Z—
golden brown and X=very pale yellow brown. The
extinction angle ZAc is near zero, indicating that the
mineral is oxyhornblende. Plagioclase phenocrysts are
0.2-1 mm across, are euhedral, and show strong oscilla-
tory zoning within the range Ans-s. The groundmass
consists mainly of plagioclase (Ans_s ) microlites 0.05—
0.2 mm long, and a little interstitial devitrified glass and
iron ore. Microlites show very well defined flow
structure.

UPPER WELDED TUFF UNIT

The lowest cliffs along Aravaipa Canyon between
Old Deer Creek and the west edge of the quadrangle
are cut in a silicic welded tuff that will be referred
to as the upper welded tuff unit. Two to four miles
farther south, this rock underlies several extensive
very evenly stripped surfaces that slope gently north;
the surface east of Parsons Canyon has a notably
uniform slope over a length of nearly 2 miles, and
the surface between Parsons and Virgus Canyons is
even more remarkably uniform although not so long.
The total outcrop area of the upper welded tuff is



TERTIARY SYSTEM 83

about 8 square miles, but the unit must underlie at
least 3-10 square miles within the quadrangle. The
rhyolite of Black Butte is grouped with the upper
welded tuff on the geologic map and is shown as a
subdivision of that unit.

The upper welded tuff seems to be rather uniform
in thickness over appreciable areas. Along Aravaipa
Canyon it averages nearly 200 feet thick, and the
base is not exposed at any place: Northwest of Black
Butte the welded tuff is 150 feet thick. In sec. 35,
T. 6 S, R. 18 E., 3 miles south of Aravaipa Canyon,
the thickness has diminished to 75-100 feet.

The lower contact, on the lower tuff unit, is con-
formable in most places; but in Qak Grove Canyon
at the east edge of its outcrop area, the lower tuff is
only a few tens of feet thick, and in places the upper
welded tuff rests directly or almost directly on the
biotite dacite unit. The upper contact, with the
white tuff unit, seems to be perfectly concordant
wherever the white tuff is exposed. North of Black
Butte the white tuff is missing and the upper welded
tuff unit is very thin and is overlain by the rhyolite
of Black Butte.

The welded tuff, particularly the upper half of the
unit, is very resistant and typically erodes to nearly
vertical cliffs. Columnar jointing is well developed
in the upper one-third to one-half of the cliffs, and
the joint surfaces are stained a conspicuous orange
that is characteristic of outcrops of the unit.

The upper welded tuff as exposed in Aravaipa
Canyon is a grayish-pink to grayish orange-pink
massive vitric or vitric-crystal rhyolite tuff contain-
ing scattered euhedral grains of biotite and feldspar
1-2 mm across. Lithic fragments other than pumice
are sparse and generally are less than a centimeter
across, whereas many pumice lapilli are 1-2 cm across.
Weathered surfaces are cavernous, commonly orange,
and may have conspicuous crusts of yellow lichens.
Along the center of the south edge of sec. 14, T. 6 S.,
R. 18 E., the welded tuff is about 200 feet thick and
has a solidly welded top less than 10 feet thick over-
lying a thick massive rock in which the pumice
lapilli are collapsed but which is not so thoroughly
. welded. In thin section a specimen from the top of
the unit at this place consists of euhedral grains 0.5~
1 mm across of sanidine, plagioclase feldspar (Ango.
25), blackened biotite, and angular fragments of the
same minerals plus dark felsitic volcanic rock and
pumice in a matrix of glass shards. Quartz was not
recognized in the thin section but is fairly abundant
. in the hand specimen. Pumice lapilli are 5 mm or
more in length and are devitrified with the forma-
tion of axiolites. Glass shards are 0.1-0.5 mm long

and are plainly recognizable although thoroughly
welded and devitrified. The entire matrix of the
rock is very dusty.

The upper welded tuff is well exposed in a deep
east-sloping tributary canyon of Parsons Canyon in
the NE1j sec. 385, T. 6 S, R. 18 E. It is a light
grayish-purple biotite rhyolite welded tuff, in which
most components are less than 5 mm across. The
lower part has many flattened vesicles, many 15 cm
or more across, lined with quartz crystals. Under
the microscope, the rock is a vitric-crystal tuff having
grains 0.5-1 mm across of sanidine, plagioclase feld-
spar, gold-brown slightly blackened biotite, and
sparse quartz in a fine-grained groundmass of slightly
devitrified glass shards and pumice. The shards are
well preserved, as are delicate original structures of
the pumice, and the rock is much less welded than
that along Aravaipa Canyon.

The upper welded tuff from Parsons Canyon has
been analyzed chemically with the results shown in
the following table; the chemical composition and
norm of Nockolds’ (1954) average calc-alkali rhyo-
lite is also given for comparison. A semiquantitative
spectrographic analysis of the same rock appears in
table 2, column 9. The Parsons Canyon rock is
somewhat lower in lime than Nockolds’ average rock,
but otherwise the two analyses are very similar.

Chemacal analyses, in percent, of rhyolite welded tuff and average
calc-alkali rhyolite

Bulk analysis Normative minerals
Constituent 1 2 Mineral 1 2
73.66 33.2
13.45 317
1.25 25.1
.76 5.0
.32 .9
1.13 .8
2.99 1.9
535 || hm___ ... ___________{ L44 | _______
.78 .5
TR || ep I T 2
.07
.03

Powder density._.

1. Upper welded tuff unit, Galiuro Voleanics; Parsons Canyon NE4 sec. 35, T.6 8 .,
R.18 E. Laboratory No. F2680. Analyst, Dorothy F. Powers, U.8. Geol. Survey.
2. Average calc-alkali rhyolite plus rhyolite obsidian (Nockolds, 1954, table 1, col. 2).

Northwest of Black Butte, the upper welded tuff is
separated from the underlying biotite dacite unit by
a thin irregular layer of coarse-grained pink tuff that
fills irregularities in the surface of the biotite dacite
(fig. 22). Local relief on the biotite dacite surface
is more than 100 feet.
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FIeURE 22.—S8ketch showing relations of some lithologic units of the
Galiuro Volcanics on the ridge northwest of Black Butte (N14 sec. 7,
T. 78, R. 19 B.). Looking west. Not to scale horizontally.
Black Butte, a very prominent landmark on the

boundary of secs. 7 and 8, T. 7 S, R. 19 E,, is a
tabular mass of pale-red to pale red-purple porphy-
ritic rhyolite. The rhyolite seems to rest either on
the biotite dacite, on a pink tuff of the lower tuff
unit that locally overlies the dacite, or, for a very
short distance, on the upper welded tuff, and lies
approximately parallel to the bedding of the pink
tuff. Flow layering is contorted and steep; at the
summit the flow layering strikes N. 10° E. and is
vertical. Figure 23 is a sketch of Black Butte, look-
ing S. 10° E. Black Butte is probably an erosional
remnant of a lava flow rather than a plug or dike,
but the accessible exposures do not provide conclusive
evidence.

In thin section the rhyolite of Black Butte con-
tains euhedral to somewhat rounded phenocrysts of
sanidine as much as 4 mm across and slightly rounded
or resorbed grains of quartz 1-2 mm across. The
only dark minerals are a few tiny grains of highly
altered biotite(?) and sparse iron ore. The ground-
mass is a fine-grained devitrified patchy aggregate of
potassium feldspar, quartz, sparse spherulites or
radiolites, and considerable black iron-oxide dust
that is concentrated in very thin fairly conspicuous
flow layers. The microscopic examination seems to
corroborate the field inference that the rhyolite is a
flow rather than an intrusive rock.

Rhyolite of Black Butte showing
flow layering

E Pink tuff

Biotite dacite unit
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F1eURE 23.—Sketeh of Black Butte, looking S. 10° E. Horizontal and
vertical scales are the same.

WHITE TUFF UNIT

A thin bed of white tuff separates the upper welded
tuff unit from the overlying intermediate andesite
unit. The white tuff crops out in the walls of Ara-
vaipa Canyon, where its upper part is in conspicuous
contrast to the overlying dark-colored andesite, and
also forms a continuous belt of outcrops between the
edge of the quadrangle in sec. 34, T. 6 S, R. 18 E,,
and Parsons Canyon, 3 miles northeast. Except in
the southern part of its outcrop area, where it is
partly welded, the white tuff is rather soft and char-
acteristically erodes to gentle slopes having poor out-
crops. The white tuff in Aravaipa Canyon is not
shown separately on the geologic map but rather is
combined with the upper welded tuff unit inasmuch
as its outcrop width is too small to be shown effec-
tively at map scale. The total area of outcrop of the
white tuff is less than 1 square mile, but it undoubt-
edly underlies at least 6 square miles in the quad-
rangle.

The white tuff varies considerably in thickness but
ordinarily is 50-100 feet thick. In the south wall of
Aravaipa Canyon west of Parsons Canyon and also
opposite the mouth of Booger Canyon, the white tuff
is about 100 feet thick; and in the northern part of
sec. 23, T. 6 S., R. 18 E., it is about 40 feet thick.
Farther south along Parsons Canyon, the tuff is 100
feet thick. In Virgus Canyon the white tuff is 60
feet thick.

The white tuff is a massive coarse-grained vitric-
lithic tuff composed mostly of rock fragments and
white pumice, together with abundant tiny plates of
biotite and scattered millimeter-size crystals of feld-
spar. The lithic fragments are generally a centi-
meter or less across and are of light to dark-gray or
dark-red fine-grained volcanic rock; they make up
perhaps 5-10 percent of the rock. The pumice is in
fragments ranging in size from dust to a few centi-
meters, and seems to be completely devitrified.

Southward from the mouth of Parsons Canyon,
the white tuff becomes coarser grained and more in-
durated; and in the deep tributary canyon in the
NE1, sec. 26, T. 6 S., R. 18 E,, it has 2-3 feet of very
pale red purple solidly welded vitric-lithic biotite
rhyolite tuff at the top. The welded tuff has a pro-
nounced eutaxitic texture defined by wavy compressed
fragments of devitrified pumice. In thin section the
rock consists of crystals and fragments 0.5-2 mm
across of sanidine, biotite, and sparse plagioclase
(about Ang) and quartz, together with a few lithic
fragments, in a pumiceous matrix. Biotite is com-
pletely blackened and is identifiable only in hand
specimen. Large pumice lapilli, some 2-8 c¢cm long,
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are devitrified to an aggregate of spherulites. The
fine-grained pumiceous matrix is strongly eutaxitic,
but the individual fragments are still plainly visible;
all are devitrified to some extent.

The possibility was considered that the white
tuff is merely the upper part of the lower welded tuff
unit, but the fact that the upper part of the white
tuff is welded locally indicates that it is a separate
deposit, although perhaps only very slightly younger
than the lower welded tuff.

INTERMEDIATE ANDESITE UNIT

The intermediate andesite unit crops out in three
separate areas: along the north edge of the quad-
rangle in a narrow discontinuous belt extending about
4.5 miles eastward from the northwest corner of the
quadrangle, along the middle parts of the walls of
Aravaipa Canyon from Parsons Canyon and Old
Deer Creek westward to the quadrangle border, and
south of Aravaipa Canyon along Virgus Canyon and
on the divide between Virgus and Parsons Canyons.
The total area of outcrop is only about 2.6 square
miles, but the unit may underlie as much as 25 square
miles or more within the quadrangle.

The intermediate andesite attains a thickness of as
much as 450 feet but in most places is 150-250 feet
thick. The thickness is fairly uniform over consid-
erable areas, and both the lower contact with the
white tuff unit and the upper contact with the upper
tuff unit, the upper andesite unit, the rhyolite-ob-
sidian unit, and the tuff unit of Hawk Canyon appear
to be conformable.

Rocks included in the intermediate andesite are
mainly gray to dark-red very coarsely porphyritic
“turkey-track” olivine andesite, and minor amounts
of red to gray porphyritic to aphanitic andesitic
lavas.

At the mouth of Paisano Canyon and elsewhere to
the west along Aravaipa Canyon, the upper half of
the intermediate andesite erodes to prominent cliffs
showing well-developed columnar jointing. The
lower half is massive and apparently is less resistant
to erosion. The lower part of the unit commonly is a
conspicuous red, whereas the top may be orange.

Along the north edge of the quadrangle, the inter-
mediate andesite unit consists of a platy olivine ande-
site at the bottom, an intermediate coarse porphyritic
andesite, and an upper dark-purple platy olivine
andesite. Microscopically, these rocks contain pheno-
crysts of plagioclase feldspar (Ango.g) 1-3 mm long
and smaller grains of clinopyroxene, altered olivine,
and iron ore in an intersertal or pilotaxitic ground-
mass of plagioclase laths, clinopyroxene granules,
olivine, apatite, iron ore, and glass.

Near Anderson Spring in the east fork of Hawk
Canyon, the intermediate andesite is a grayish-red
amygdaloidal very coarsely porphyritic rock (“tur-
key-track”) containing platy phenocrysts of feldspar
2-2.5 cm across and smaller red grains of olivine. In
thin section the rock is made up of euhedral plagio-
clase (Angs) and olivine in an intersertal groundmass
of andesine microlites 0.05-0.2 mm long and inter-
stitial abundant iron ore, dusty brownish devitrified
glass, and a little olivine. The plagioclase pheno-
crysts show a striking oscillatory zoning within a
very narrow compositional range; more than 60 alter-
nations were counted in a single phenocryst. Olivine
phenocrysts are 0.2-1 mm across and are completely
altered to red-orange iddingsite.

At the mouth of Booger Canyon, the intermediate
andesite is 150-200 feet thick and is a very massive
rock having no discernible flow layering. The upper
part of the unit consists of about 30 feet of gray
coarsely porphyritic “turkey-track” andesite under-
lain by at least 35 feet of the same rock but red.
Locally the andesite is overlain by coarse-grained
red-orange lithic tuff and agglomerate.

Just west of the mouth of Booger Canyon, a flow
of amygdaloidal olivine andesite about 25 feet thick
makes up the top of the intermediate andesite unit
below the overlying upper tuff unit. The flow ap-
pears to wedge out to the west. This olivine andesite
is a dark-gray to very dusky red-purple rock contain-
ing millimeter-size phenocrysts of plagioclase feld-
spar and red-brown olivine, and amygdules of white
calcite as much as 0.5 cm across. The top of the flow
is blocky and locally is a sort of intraformational
breccia 24 feet thick consisting of irregular frag-
ments of andesite in a matrix of brown sand com-
posed mostly of glass. Some of the fragments have
a fine-grained chilled selvage, whereas others are
clearly pieces broken off previously cooled rock. The
breccia is overlain by a thin well-bedded water-laid
tuff. It seems likely that the flow was subaqueous
and that the breccia, fine and coarse components alike,
is simply the disrupted top of the flow; in general
aspect the breccia resembles a mudflow.

TUFF UNIT OF HAWK CANYON

A light-colored massive silicic tuff overlies the
intermediate andesite unit near the head of Hawk
Canyon and extends westward to the quadrangle edge
as a thin discontinuous bed between the andesite and
the overlying rhyolite-obsidian unit. The tuff unit
of Hawk Canyon is about 100 feet thick west of
Hawk Canyon, but at the head of Horse Camp Can-
yon it diminishes in thickness abruptly to about 20
feet. At the head of the north fork of Ash Creek,



86 GEOLOGY, KLONDYKE QUADRANGLE, ARIZONA

it is also 20 feet thick; and farther west near the
quadrangle boundary, it is only 10 feet thick; in these
areas the outcrop is too narrow to show at map scale.
A stubby lens of similar tuff seems to be interlayered
with the intermediate andesite about 750 feet north
of Anderson Spring; possibly the southwest contact
with the andesite is a fault, but no evidence of fault-
ing was found.

The tuff of Hawk Canyon is rather heterogeneous
as to color and grain size, but in general is a yellow,
cream-colored, or pink massive coarse-grained rather
friable rock that weathers to a very rough surface;
the massive rough and cliffy outcrops just west of
Anderson Spring are typical.

On the north side of Lookout Mountain, the tuff
of Hawk Canyon is a massive yellowish-gray vitric
rhyolite tuff having prominent outcrops and a very
rough weathered surface. It is composed of milli-
meter-size somewhat rounded grains of quartz, feld-
spar, and volcanic rock in a glassy or pumiceous
matrix. Some rock fragments are 5 mm across.
Locally in the Lookout Mountain area, the coarse-
grained tuff is overlain by a medium-grained well-
indurated very pale red purple (5RP 7/2) crystal-
vitric rhyolite tuff. This rock consists of angular
fragments 0.2-0.5 mm across of quartz and sanidine,
and lesser amounts of plagioclase feldspar and a little
slightly blackened biotite, in a matrix of devitrified
glass. Iron ore is a very sparse accessory.

The tuff of Hawk Canyon at the head of Horse
Camp Canyon is a yellow coarse-grained vitric rhyo-
lite tuff about 20 feet thick, characterized by numer-
ous small fragments of brown to purple fine-grained
volcanic rock. It consists almost entirely of angular
to subrounded fragments a millimeter or less across
of slightly devitrified glass having a refractive index
of about 1.495. Quartz grains 0.1-0.2 mm across are
scattered through the glass. A little unidentified
zeolite(?) is also present.

In the northwest corner of the quadrangle, the tuff
of Hawk Canyon is about 10 feet of rather soft mas-
sive grayish-yellow vitric-crystal rhyolite tuff com-
posed of angular fragments 0.2-0.5 mm across of
quartz, sanidine, and volcanic rock in a groundmass
made up of fragments of devitrified glass 0.5-1 mm
across. The groundmass is somewhat silicified.

The small lens of tuff north of Anderson Spring is
similar to the main body. The base of the lens is a
pale-red (10R 6/2) rather fine grained well-sorted
cerystal-vitric rhyolite tuff that dips 10°-15° N. and
rests on coarse porphyritic andesite. Overlying this
tuff is a yellowish-gray well-indurated very coarse
grained crystal-vitric rhyolite tuff made up of 1-2

mm grains of quartz and feldspar, and abundant
fragments 1-3 mm across of pumice, vitrophyre, and
a little dark fine-grained volcanic rock in a pumiceous
matrix. Iron ore and biotite are sparse accessories.
The groundmass contains considerable amounts of a
zeolite that X-ray examination shows to be heulan-
dite.

RHYOLITE-OBSIDIAN UNIT

The rhyolite-obsidian unit crops out over an area of
more than 10 square miles along the west edge of the
quadrangle north of Aravaipa Canyon and is, next to
the lower andesite, the most extensively exposed of the
various units of the Galiuro Volcanics. Its base is
exposed only along Aravaipa Canyon and near the
north edge of the quadrangle; in both places it overlies
the intermediate andesite unit. Over most of its out-
crop area, it is overlain by either the upper andesite
unit or the Hell Hole Conglomerate; in a few places it is
overlain by the quartz latite unit of Hawk Canyon or
the upper tuff unit.

The broad configuration of the rhyolite-obsidian unit
is that of an elongate north-trending lens that pinches
out to the south in the interval between the north and
south walls of Aravaipa_Canyon. In the north wall of
che canyon, the lens has a mazimum thickness of about
450 feet; the west edge of the lens is overlapped by the
upper tuff unit about 1,000 feet east of the quadrangle
boundary (fig. 24), and the east edge is overlapped at
Paisano Canyon by the upper andesite unit. North-
ward, the rhyolite-obsidian unit attains an outcrop
width of at least 3 miles and a thickness estimated at as
much as 700 feet.
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FIGURE 24.—Sketch of stratigraphic relations of some units of the Galiuro
Volecanics in the north wall of Aravaipa Canyon near the west edge of
sec. 15, T. 6 8., R. 18 E. 1, Upper tuff unit; a, upper coarse subunit;
b, white tuff subunit; ¢, lower coarse subunit. 2, Upper andesite
unit. 3, Rhyolite-obsidian unit; a, rhyolite lava; b, obsidian, vitro-
phyre. 4, Intermediate andesite unit. 5, White tuff unit. 6, Upper
welded tuff unit.
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The rhyolite-obsidian unit has a rather diverse
lithology, but the lower part is mostly light- to dark-
colored obsidian, obsidian agglomerate, and vitro-
phyre, and the upper part is dominantly light-gray
very fine grained dense stony lavas. Subordinate
light-colored tuff and breccia locally are at the base
of the unit and also higher in the obsidian-rich part
of the unit. Both rhyolite and obsidian are charac-
terized by well-developed and extremely irregular
flow layering that commonly dips rather steeply and
changes attitude abruptly. No systematic arrange-
ment of flow layering was detected, either in the
obsidian or in the overlying rhyolite flows. No at-
tempt was made to map separately the obsidian and
obsidian agglomerate, on one hand, and the rhyolite
lavas, on the other. In several places, obsidian ag-
glomerate at the base of the unit grades upward into
massive obsidian, and the agglomerate appears to
be in part rather a flow breccia at the base of a very
thick obsidian flow.

The unit is well exposed at the mouth of Booger
Canyon, where it consists of a lower obsidian agglom-
erate 60-90 feet thick, an intermediate massive ob-
sidian 30-85 feet thick having highly contorted flow
layering and abundant lithophysae, and an upper
sequence of light purplish-gray rhyolite flows cut by
poorly developed vertical joints. In this area the
obsidian is a cliff former. The obsidian agglomerate
overlies olivine andesite of the intermediate andesite
unit along a very flat contact, marked locally by a
layer 8-10 feet thick of fine-grained yellowish-gray
vitric tuff that fills minor irregularities on the surface
of the andesite. On the ridge between the mouths of
Booger and Paisano Canyons, the upper part of the
unit is obsidian that overlies the rhyolite lavas. On
Lookout Mountain, in secs. 13 and 24, T. 5 S., R.
18 E., the lowest rocks exposed are platy, finely lami-
nated siliceous lavas having contorted flow layering,
overlain successively by interlayered siliceous stony
lava and obsidian, a very conspicuous irregular layer
50-75 feet thick of dark obsidian that completely
encircles the west peak of Lookout Mountain, and
obsidian agglomerate that makes up the bulk of the
mountain. In the NW1; sec. 15, at the northwest
corner of the quadrangle, the section overlying the
tuff unit of Hawk Canyon consists of a basal obsidian
agglomerate overlain by obsidian and fine-grained
siliceous lava. A sketch of a section of the rhyolite-
obsidian unit exposed in the southwest wall of lower
Ash Creek is shown on figure 25.

The obsidian is commonly a black rock containing
thin streaks of moderate-red glass. Phenocrysts may
be absent or may be abundant enough for the rock

to be termed vitrophyre. The phenocrysts are domi-
nantly potassium feldspar; quartz is less abundant
and may be lacking in some rocks, and biotite, clino-
pyroxene, hornblende, iron ore, and sphene are very
scarce. The refractive index of the glass is 1.495-
1.500, suggesting that the silica content is in excess
of 70 percent. The obsidian commonly has abundant
geodes, and in places such as the N.E. cor. sec. 24,
T. 5 S, R. 18 E., quartz-lined geodes 1-2 feet across
are abundant.

On hill 4319 south of Bates Canyon at the west
edge of sec. 27, T. 5 S, R. 18 E., a well-defined al-
though thin layer of streaked red and black vitro-
phyre overlies a thick sequence of obsidian agglom-
erate and is overlain by silicic lava. As seen in thin
section, this vitrophyre has euhedral phenocrysts and
angular to subrounded fragments of weakly zoned
sanidine 0.1-0.5 mm long and a few 0.1-0.3 mm grains
of clinopyroxene and biotite in a matrix of streaked
glass. The glass has a texture apparently resulting
from fragmentation during flowage; it is made up of
pulled-out streaks of brown to colorless isotropic
glass embedded in very slightly devitrified cloudy
glass. The refractive index of the glass is 1.496,
suggesting a very high silica content, but there are
no quartz phenocrysts.

A chemical analysis and norm of this vitrophyre
follow, together with the chemical composition and
norm of Nockolds’ (1954) average alkali rhyolite
for comparison. A semiquantitative spectrographic
analysis of the same rock is given in table 2, col-
umn 10.

Chemical analyses, in percent, of rhyolite vitrophyre and average
alkali rhyolite

Bulk analysis Normative minerals

]

Constituent 1 2 Mineral 1

1t Q0 bt

Total ...
Wi

0
Powder density...| 2.40 |- f|ococmm o[

1, Rhyolite vitroph rhyolite-obsidian unit, Galiuro Volcanics; NW14 see. 27,
g‘. 5 S.,{%. 18 E. Lab%rr?tory No. F2679. Analy’st, Dorothy F. Pov;'ers, U.8. Geol.
urvey.

2. Average alkali rhyalite plus rhyolite obsidian (Nockolds, 1954, table 1, col. 4).
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Ropy devitrified vitrophyre

Coarse obsidian agglomerate, probably
a vent agglomerate

sh.
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FieURE 25.—Sketch of the southeast wall of Ash Creek in sec. 22, T.
5 8., R. 18 E., showing the sequence in the rhyolite-obsidian unit of
the Galiuro Volcanics.

A conspicuously streaked vitrophyre from the
north side of Lookout Mountain consists of strung-
out fragments of black glass as much as a centimeter
or two long in a matrix of brown glass. As seen
under the microscope, the glass shows evidence of
partial oxidation and brecciation during flowage;
fragments of colorless vitrophyre, brown obsidian,
and streaked brown and colorless obsidian are en-
closed in a brown matrix having pronounced flow
structure.

The ropy devitrified vitrophyre shown on figure 25
is a streaked gray and light-brown rock containing a
few millimeter-size phenocrysts of sanidine. In thin
section the rock contains, in addition to the sanidine,
sparse phenocrysts of quartz, dark-brown hornblende,
biotite, and sphene. The groundmass is completely
devitrified and contains spherulites and radiolites,
presumably composed of feldspar and cristobalite.
The radiolites commonly grow outward from a
phenocryst.

The obsidian agglomerate is extremely variable in
appearance from place to place. In the middle part
of Booger Canyon, it is made up of angular to sub-
angular blocks of laminated obsidian several feet
across, in a pumiceous matrix. In this area it over-
lies conspicuously layered dark-gray and brown ob-
sidian cut by dikelike seams of devitrified glass.
Farther north, the agglomerate is conspicuously light
colored and is made up of large blocks of black
obsidian and white welded vitric tuff in a pumiceous
matrix. Local very thick concentrations of the ag-
glomerate, such as that in lower Ash Creek shown on
figure 25, may well be accumulations in or near vents.

The tuff at the base of the unit near the mouth of
Booger Canyon is a yellowish-gray (5Y 7/2) massive
well-sorted sandy vitric tuff made up almost entirely
of fragments of devitrified glass less than 0.5 mm
across. Crystals 0.1-0.2 mm across of quartz, green-
ish-brown hornblende, biotite, clinopyroxene, and
sanidine are scattered through the tuff, and locally

the rock is cemented by considerable amounts of a
nearly isotropic mineral shown by X-ray study to be
heulandite.

The rhyolite lavas are a monotonous group of very
fine grained rocks commonly having thin alternating
light- and dark-gray flow layers. In general, pheno-
crysts’ are sparse and rather small, usually less than a
millimeter across. Phenocrysts identifiable with a
hand lens are mostly feldspar; biotite phenocrysts
are rare, and those of other minerals are practically
nonexistent. Flow layering in most places is con-
torted and locally is exceedingly so. ’

Rhyolite from the west fork of Horse Camp Can-
yon in the SW14 sec. 34, T. 5 S., R. 18 E. is typical
of the sequence. In thin section it consists mainly of
a finely layered aggregate of sanidine, tridymite, and
quartz containing sparse rounded phenocrysts of
sanidine 0.5-1 mm long and a few microphenocrysts
of biotite and magnetite. Individual flow layers are
mostly less than a millimeter thick. Tridymite crys-
tals are oriented more or less perpendicular to the
flow layering and obviously are a result of de-
vitrification of an originally glassy rock. Some of
the layers have a core of quartz, a rind of sanidine,
and an outer envelope of sanidine and tridymite. The
presence of abundant tridymite was confirmed by
X-rays.

Another rock from Horse Camp Canyon about a
mile farther south is similar but has somewhat larger
phenocrysts and thicker flow layers. Under the
microscope it is seen to consist of rounded grains of
sanidine 0.5-8 mm across and a few altered grains of
pale-green clinopyroxene 0.5-1 mm long in a matrix
of fine-grained spherulitic devitrified glass. The glass
groundmass has numerous lenses and vuggy lenses
made up of tridymite in wedge-shaped twinned crys-
tals 0.2-0.4 mm long. The light-colored layers of the
ground mass contain most of the identifiable tridy-
mite, whereas the dark layers consist largely of
spherulites. X-ray examination reveals the spheru-
lites to be composed mainly of alpha-cristobalite and
sanidine.

Specimens of rhyolite from lower Ash Creek, from
the divide between Horse Camp Canyon and its west
branch, and from upper Booger Canyon are similar
to the Horse Camp Canyon rocks and will not be
further described.

QUARTZ LATITE UNIT OF HAWK CANYON

A very coarse porphyritic quartz latite overlies the
tuff unit of Hawk Canyon for about three-tenths of
a mile east and a mile west of Hawk Canyon, and
is overlain by the upper andesite unit. At the west
end of its outcrop, the quartz latite rests directly on
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rhyolitic tuffs. These rocks crop out over an area
of several square miles just south of, and to a lesser
extent just north of, Aravaipa Canyon. A few much
smaller outcrops are in the extreme northwest corner
of the quadrangle in the upper part of Ash Creek.
The thickness ranges from 200 feet on the south side
of Aravajipa Canyon to 300 feet on the north side.
The original thickness is unknown, as the upper
limit of the tuff is everywhere a surface of erosion.
Four subunits of the upper tuff were mapped during
fieldwork, but because these are either of limited
areal extent, or of limited thickness, or both, they
are not differentiated on the geologic map.

The upper tuff is cut by vertical joints in places,
for example near the west edge of the quadrangle
south of Aravaipa Canyon, where the joints trend
N. 10° E.

The lowest subunit is a very coarse grained tuff
and agglomerate that constitutes the conspicuous
light-colored cliffs immediately above the rhyolite-
obsidian unit or the upper and intermediate andesite
units. In its principal area of outcrop, in the region
of mesas and flat-topped ridges immediately south of
Aravaipa Canyon, this subunit attains a thickness of
100-150 feet. It is predominantly a coarse-grained
lithic rhyolite tuff and interlayered fine-grained to
sandy crystal-rich tuff. The lithic fragments are
mostly of fine-grained rhyolite derived from the
rhyolite-obsidian unit. On the geologic map a small
area of conglomerate in the SE1j sec. 33 and the
SW1; sec. 34, T. 6 S, R. 18 E., is grouped with the
lowest subunit; this conglomerate is not found else-
where in the Klondyke quadrangle. It is sandy or
tuffaceous in its lower part, and is a very coarse
grained conglomerate, containing boulders of ande-
site, “turkey-track” andesite, rhyolite welded tuff, and
a little chert breccia, in its upper part.

In the north-central part of sec. 23, T. 6 S., R. 18
E., just south of Aravaipa Canyon, the base of the
lowest subunit is a pale yellowish-brown porous well-
bedded and presumably water-laid sandy vitric-crystal
rhyolite tuff that overlies the blocky top of the upper
andesite unit. A thin section of this tuff contains
abundant grains 0.1-0.2 mm across of quartz and
sanidine, and scattered crystals of plagioclase feld-
spar, green hornblende, and brown biotite, set in a
fine-grained matrix of devitrified glass. Rock frag-
ments are scarce.

The four isolated patches of coarse-grained tuff on
the ridge between the mouths of Booger and Paisano
Canyons consist of angular fragments 2-5 cm across
of the immediately underlying rhyolite, set in a frag-
mental matrix of rock fragments and pumice.
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On the butte in the NW cor. sec. 10, T. 6 S., R.
18 E., the lowest subunit consists of a lower coarse-
grained tuff that dips 5°~10° NW. and an upper flat-
lying agglomerate 40-50 feet thick. The agglomer-
ate is a chaotic assemblage of blocks of medium-gray
vitrophyre as much as 3 feet across and fragments of
white and yellow pumice in a coarse pumiceous mat-
rix. The glass of the vitrophyre has a refractive
index of about 1.495, suggesting that the subunit here
also is rhyolitic.

In the northwest corner of the quadrangle along
Ash Creek, the tuff outcrops probably belong entirely
to the lowest subunit, although this correlation is
uncertain inasmuch as the outcrops are nearly 5 miles
north of the type locality along Aravaipa Canyon.
The tuff here is 20-100 feet thick and clearly fills
valleys in the underlying rhyolite and obsidian ag-
glomerate of the rhyolite-obsidian unit. It is a white
to cream or yellowish-gray coarse-grained well-bed-
ded friable vitric-lithic tuff made up of lapilli 2-3
cm or so across of varicolored obsidian, fine-grained
rhyolite, pumice, and grains of quartz and feldspar,
in a pumiceous matrix. A few fragments are as
much as 6 inches across. Locally the base of the
tuff is a few feet of breccia composed of obsidian
fragments 2-5 e¢m across. In thin section a sandy
dacitic facies of the tuff conmsists of 0.2-0.5 mm
angular to subrounded grains of quartz and oligo-
clase, and 1-4 mm pieces of devitrified pumice and
vitrophyre in a spongy matrix that seems to be al-
most entirely a granular aggregate of heulandite in
grains 0.05-0.1 mm across; heulandite was identified
with X-ray methods. Potassium feldspar and brown
biotite occur sparingly. A little secondary quartz
is molded on some pumice fragments.

Resting on the lowest subunit is a bed of white tuff
that crops out over an area of several square miles
just south of Aravaipa Canyon and attains a thick-
ness of 30-90 feet. It is in general a white to cream
coarse-grained massive vitric-lithic rhyolite tuff made
up predominantly of angular to subrounded frag-
ments of white pumice and gray obsidian in a matrix
of white ash. Fragments of gray stony vitrophyre
and red porphyritic andesite are minor components.
Fragments are generally of lapilli size or smaller, but
some are as large as 10 cm across. The pumice has a
refractive index of about 1.495 and presumably con-
tains more than 70 percent silica.

In secs. 10 and 15, T. 6 S., R. 18 E., north of Ara-
vaipa Canyon, the white tuff subunit ranges in thick-
ness from a few tens of feet to nearly 100 feet. It
consists mainly of lapilli of white pumice 1-8 cm
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across, and a few pieces of obsidian, in a matrix of
powdery pumice.

The upper coarse-grained subunit has the same
general distribution as the white tuff subunit but has
a smaller total ontcrop area. South of Aravaipa
Canyon, buff to grayish-brown well-bedded and cross-
bedded porous and generally sandy rhyolitic tuff of
this subunit caps many of the isolated buttes. Maxi-
mum thickness is about 110 feet. The principal com-
ponents are angular to rounded fragments of ob-
sidian, pumice, quartz, feldspar, stony vitrophyre,
and reddish rhyolite and trachyte; one bed contains
abundant euhedrons of biotite. Locally the basal
part of the tuff is a coarse-grained unsorted litho-
logically heterogeneous conglomerate containing boul-
ders as much as a foot across.

In most places the tuff becomes sandier and more
crystal rich toward the top, but the uppermost 20
feet or so may be a coarse-grained lithic tuff contain-
ing fragments as much as 6-8 inches across. In the
SW1; sec. 23, T. 6 S, R. 18 E., the upper coarse-
grained subunit consists of a basal 30 feet of sandy
lithic-vitric tuff, becoming more lithic upward, 45
feet of lithic tuff, 15 feet of well-bedded sandy tuff
containing scattered lithic fragments as much as 4
inches across, 20 feet of coarse-grained lithic tuff,
and 1 foot of well-bedded waterlaid gray sandy
vitric-crystal rhyolite or quartz latite tuff. In thin
section this uppermost sandy tuff is made up of 0.2-
0.5 mm angular to subangular grains of quartz, sani-
dine, oligoclase, and scarce biotite in a matrix of
particles of devitrified glass. Minor components in-
clude a few fragments of spherulitic obsidian and
welded tuff, scattered grains of sphene and green
hornblende, and a little interstitial zeolite, probably
stilbite.

North of Aravaipa Canyon, the upper subunit is a
very coarse-grained well-bedded waterlaid lithic tuff
150-200 feet thick. It weathers buff and is a promi-
nent cliff former. The tuff consists mostly of frag-
ments of obsidian and a little rhyolite.

The uppermost subunit of the upper tuff is a buff
to light-brown coarse-grained vitric-crystal rhyolite
tuff composed of pumice lapilli 2-3 cm across, to-
gether with millimeter-size crystals of biotite, quartz,
and feldspar, in a pumiceous matrix. The pumice
has a refractive index of about 1.495. The contact
with the underlying water-laid sandy tuff of the
upper coarse-grained subunit is sharp and concordant
and has no evidence of erosion or disturbance of any
kind; it seems likely that the pumiceous tuff is of
airfall origin and that it was deposited in shallow
water.

AGE AND CORRELATION

The age of the Galiuro Volcanics is not known
with any degree of certainty, as no fossils were found
either in the formation or in the overlying rocks and
as no determinations of absolute age have been made.
The formation is known to be younger than the Cop-
per Creek granodiorite, which intrudes rocks of
Devonian(?), Mississippian, and Cretaceous(?) age
and has been assigned a potassium-argon age of 68
million years. Subsequent to emplacement of the
granodiorite, considerable erosion must have ensued
to expose the granodiorite before extrusion of the
basal andesite of the Galiuro Volecanics, and hence
these are probably much younger than the grano-
diorite. They are overlain with marked angular un-
conformity by Hell Hole Conglomerate, and this
unconformity must also represent an appreciable time
interval, although perhaps shorter than the period
required by the basal unconformity. Tentative as-
signment of the Galiuro Volcanics to the middle
Tertiary would seem to do as little violence as
possible to the meager data available at this time.
On this hypothesis they would be younger than the
Horse Mountain Volcanics, the lower part of which
1s believed to be of Late Cretaceous age.

DIKES AND SILLS

Dikes of various lithologies cut all rock units of
the Klondyke quadrangle older than the Hell Hole
Conglomerate. The dikes are particularly abundant
in the Precambrian rocks, especially the Laurel Can-
yon Granodiorite, in which they locally may consti-
tute as much as one-third to one-quarter of the ter-
rane. On the other hand, dikes are very scarce in
the Santa Teresa Granite, the Goodwin Canyon
Quartz Monzonite, the Copper Creek Granodiorite,
and the Glory Hole Volcanics; and in the Galiuro
Volcanics, dikes are restricted to the lower andesite
unit in the southwest part of the quadrangle. No
dikes were seen in the outliers of Horse Mountain
Volcanics northeast of Aravaipa Canyon.

The dikes range in composition from rhyolite to
olivine andesite, but those of silicic composition—
rhyolite, quartz latite, dacite, and so forth—are far
more abundant than the others. Dike rocks are gen-
erally porphyritic, some conspicuously so, but several
are aphanitic or only sparingly porphyritic. The
dikes attain a width of a hundred feet or more, but
the average width is only a few feet. The longest
dike known to be a single body is about 2.5 miles
long, but some members of the dike swarm along the
west side of the Laurel Canyon Granodiorite may
possibly be as much as 4 miles long. The silicic dikes
are more resistant to erosion than the Pinal Schist,
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and many of the low knobs in the Pinal terrane
southwest of the Santa Teresa Mountains are held up
by dikes. In contrast, only rarely do dikes of the
swarm in Laurel Canyon Granodiorite have any
notable topographic expression.

The few sills of the quadrangle are all siliceous
rocks. A sill 40 feet thick intrudes conglomerate
interbedded with the volcanic member of the Buford
Canyon Formation; another sill 5-6 feet thick in-
trudes shale of the Pinkard Formation in upper Old
Deer Creek; and a third sill 10 feet thick intrudes
Bolsa Quartzite southeast of Aravaipa.

In the Santa Teresa Mountains and in the Turn-
bull Mountains southeast of Imperial Mountain, most
of the dikes have a strike within the range N. 00°-
35° W. North of Imperial Mountain, probably more
than half the dikes also strike within this range, but
an appreciable number have entirely random strikes.
The north-northwestward trend is parallel to the
structural grain of the Horse Mountain Volcanies
and to many of the faults that cut these and older
rocks. No trend is dominant among the sparse dikes
in the Galiuro Volcanics.

During fieldwork, the silicic dikes were subdivided
insofar as was possible into several groups on the
basis of various combinations of phenocrysts of
quartz, potassium feldspar, and plagioclase feldspar.
It did not prove feasible to retain this grouping in
compiling the geologic map, however, because many
dikes were of transitional lithology and could not be
referred logically to one field group; consequently,
all are shown by the same symbol. Lamprophyres
and andesite dikes are shown as a separate group.

Little direct evidence of age relations among the
various types of dikes, such as intersections of dikes
of different lithologies, was found. Some indirect
evidence, however, suggests several ages, one of which
is much greater than the others. Dikes and sills of
diabase or ophitic gabbro are restricted to the Pre-
cambrian rocks and presumably are of Precambrian
age; diabase is a very common rock in the Precam-
brian of the northwestern Galiuro Mountains, the
Ray region, the Sierra Ancha, and elsewhere in south-
eastern Arizona.

Several silicic dikes cut the Horse Mountain Vol-
canics, and it seems logical to assume therefore that
most if not all the silicic dikes are younger than the
Horse Mountain.

The widespread but rather scarce dikes of coarsely
porphyritic  (“turkey-track™) andesite presumably
belong to the period (or periods?) of igneous activity
during which petrographically similar lavas were
extruded in the Aravaipa area and the Galiuro Moun-

tains region. In a composite dike in the NE1j sec.
8, T. 6 S., R. 20 E., an earlier “turkey-track” dike is
intruded by quartz porphyry. In upper Stowe Gulch
just above the Lead King mine, a quartz porphyry
dike 25 feet wide appears to be intruded along one
wall of a wide dike of “turkey-track” andesite. One
porphyritic andesite dike was seen in Klondyke Wash
in an area remote from any similar lavas.

Several silicic dikes of the Turnbull and Santa
Teresa Mountains end at or near the contact of their
host rock with the Santa Teresa Granite, but only
two, the prominent dikes through VABM 5385 and
the knob east of it in the SW1j sec. 16, T. 6 S., R.
20 E., are clearly offshoots of the granite itself.
These two dikes change gradually along the strike
from granite near the Santa Teresa Granite to quartz
porphyry apparently identical with that making up
many other dikes. The mineralogy of numerous
silicic dikes—quartz, microperthite, and accessory
biotite and sphene—suggests strongly that they are
consanguineous with the granite. If dikes and gran-
ite are comagmatic, then the abundance of dikes
northwest of the granite would suggest that the
granite extends several miles northwest of its out-
crop area beneath a gently sloping roof; that the
roof is indeed rather flat is indicated by the contact
with Precambrian rocks in Black Rock, Cottonwood,
and Goat Canyons. The dikes provide the only evi-
dence of age relations between Santa Teresa Granite
and Horse Mountain Volcanics, as these two rocks
are nowhere in contact.

No dikes can be related to the Goodwin Canyon
Quartz Monzonite with any degree of certainty.
Dikes in the area peripheral to the Goodwin Canyon
are silicic rocks similar to those believed to be con-
sanguineous with the Santa Teresa Granite, and no
petrographic features distinctive enough to provide
a basis for separation were recognized.

The various lithologic types of dikes will be de-
scribed, and the general distribution of each type
pointed out. Dikes, sills, and irregular bodies of
diabase and ophitic gabbro were described earlier
(p. 18). Inasmuch as no chemical analyses of dike
rocks have been made, the nomenclature in the fol-
lowing section is based entirely on study of hand
specimens and thin sections.

QUARTZ PORPHYRY AND RHYOLITE DIKES

The most widespread and abundant dikes are of
quartz porphyry or rhyolite. They occur throughout
the Turnbull and Santa Teresa Mountains, and a
few also intrude the Galiuro Volcanics. Although
these dikes cut all rocks older than the Hell Hole
Conglomerate, they are very scarce in the Santa
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Teresa Granite, and only one was noted in the Good-
win Canyon Quartz Monzonite.

As far as can be determined from study of thin
sections, all these rocks have about the same compo-
sition, but they may be separated into two broad
groups on the basis of texture; those designated as
quartz porphyry dikes have abundant large pheno-
crysts of quartz and alkali feldspar, whereas those
termed rhyolite dikes have only a few small pheno-
crysts.

The typical quartz porphyry is a pale-red, light
brownish-gray, light olive-gray, or light-gray rock
containing phenocrysts several millimeters across.
Modal analyses of nine dike rocks show that per-
centage of phenocrysts ranges from 15-40, most of
the rocks having 25-35 percent of phenocrysts. The
ratio of quartz phenocrysts to feldspar phenocrysts
is about 1:1 in three rocks and from 1:1 to 1:2 in
six rocks.

Quartz phenocrysts almost invariably are rounded
and embayed, and may have inclusions of ground-
mass material; in a few dikes the quartz phenocrysts
are euhedral bipyramids. They commonly have a
narrow vague rim of inclusion-filled quartz in optical
continuity with the core. The feldspar phenocrysts
are microperthitic sanidine; in some dikes the feld-
spar grains are clear, in others they are dusty, and
in a few they have clear cores and dusty rims. The
amount of plagioclase feldspar in the microperthite
phenocrysts is variable, but may be as much as 50
percent.

Accessory minerals are very scarce; iron ore,
sphene, and biotite were seen in several thin sections,
and epidote and apatite in two sections. Sphene
crystals attain a length of 1 mm; the others are less
than a millimeter across.

The groundmass commonly shows a patchy bire-
fringence typical of devitrified glass; many of the
dikes have a coarsely spherulitic groundmass, and
one dike had a groundmass made up of a confused
mixture of spherulites and microgranophyric inter-
growths. Spherulites may be isolated, or partial
spherulites may form sheaflike rims around pheno-
crysts. Small grains of albitic plagioclase occur in
the matrix of a few dikes, but plagioclase in general
seems to be very scarce.

The rhyolite dikes are light-gray dense fine-grained
rocks that contain sparse small phenocrysts. In some
dikes, quartz is the only phenocrystic mineral, but
generally phenocrysts of both quartz and feldspar
are present. Flow layering is more evident in the
rhyolite dikes than in the quartz porphyry dikes, and
in some rhyolite dikes it is very well developed. The
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dikes commonly have a narrow darker chilled sel-
vage, generally near grayish red purple.

ANDALUSITE APLITE DIKE

A dike of rather peculiar mineralogy intrudes
Laurel Canyon Granodiorite on the low knob 1,000
feet east-northeast of VABM 5385, in the SW1; sec.
16, T. 6 S., R. 20 E., and what is possibly the same
dike crosses Laurel Canyon 1,700 feet to the south-
east. On the knob the dike is cut by a younger dike
of porphyritic Santa Teresa Granite; this intersec-
tion is one of the very few found in the quadrangle.
The dike here is about 10 feet wide. In hand speci-
men the rock is light-gray, has a fine sugary grained
aplitic texture, and contains sparse small phenocrysts
of quartz and light-brown mica. In thin section a
specimen from Laurel Canyon consists largely of a
granular aggregate of quartz and dusty potassium
feldspar in grains 0.05-0.1 mm across. Albitic plagio-
clase is sparsely scattered through the groundmass.
Quartz also occurs as rounded grains 0.5-1 mm across
having scalloped borders. Andalusite is fairly abun-
dant as anhedral and poikilitic grains generally less
than a millimeter long; rarely it is faintly tinged
with pink. Sparse microphenocrysts of pinkish-
brown phlogopite are grouped with apatite grains
and have inclusions of the same mineral. Accessory
minerals are apple-green spinel, commonly as inclu-
sions in andalusite, and colorless isotropic garnet.

A specimen from the knob near VABM 5385 is
similar microscopically but also has numerous very
skeletal poikilitic grains of muscovite as much as
2 mm across. No spinel was seen in this rock.

TRACHYTE(?) DIKE

The center of the south end of the Arizona vein,
in the W14 sec. 25 (not surveyed), T. 5 S., R. 19 E,,
is made up of a sparsely porphyritic rock probably
near trachyte in composition. The width of the dike
could not be determined closely but may be as much
as 90 feet. The rock is moderate yellowish brown,
weathers grayish red to black, and has a few altered
phenocrysts of feldspar 1-2 mm long. Microscopi-
cally, most of the phenocrysts are of dusty potassium
feldspar, the rest being very dusty plagioclase of
indeterminate composition. There are also a few
microphenocrysts of brown, somewhat blackened bio-
tite, and some aggregate of chlorite and iron oxide
whose shape suggests former hornblende. The
groundmass has the typical texture and patchy bire-
fringence of devitrified glass, and an aggregate re-
fractive index less than 1.54. Small patches of quartz
as well as feldspar crystallites are scattered through
the groundmass.
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feldspar (Ang) 3-4 mm across, abundant skeletal
grains of olivine 0.5-1 mm across, and sparse clino-
pyroxene prisms are set in an intersertal base of
plagioclase, clinopyroxene, iron ore, and dusty de-
vitrified glass. Olivine is completely altered to pale
bowlingite having a refractive index less than 1.54.

CONTACT EFFECTS OF DIKES

With a very few exceptions the dikes appear to
have had little or no effect on their wallrocks, even
where these are limestone.

A vertical dike of porphyritic biotite dacite about
100 feet wide cuts Escabrosa Limestone in the SE1/
see. 36 (unsurveyed), T. 5 S., R. 19 E., half a mile
southeast of Aravaipa. For a few feet on either side
of the dike the normally gray limestone is altered to
a white, pink, or red dense rock apparently made up
largely of irregular carbonate grains 0.01-0.05 mm
across; this rock effervesces only slightly with dilute
hydrochloric acid and presumably is dolomite.

A light-gray sparsely porphyritic quartz porphyry
dike is intruded along a fault in Horquilla Limestone
about 1,000 feet west of hill 5459 in the SW1; sec.
32, T. 5 S, R. 20 E. The fault strikes north to N.
40° W. and dips 60° W. A little johannsenite is in
the limestone adjacent to the dike. The fault itself
is mineralized with quartz, specularite, and galena,
and the johannsenite may be part of this mineral as-
semblage rather than a result of emplacement of the
dike.

In the Cobre Grande mine area, limestone along a
highly altered silicic dike 40-50 feet wide has been
converted for several tens of feet away from the dike
into epidote-johannsenite tactite.

MISCELLANEOUS INTRUSIVE IGNEOUS ROCKS
BIOTITE QUARTZ LATITE

A small body of biotite quartz latite(?) about 500
feet long in a northeasterly direction and perhaps
300 feet wide intrudes the volcanic member of the
Buford Canyon Formation at the Silver Coin mine
in Klondyke Wash, in the SW14 sec. 11 (unsur-
veyed), T. 7 S., R. 20 E. 1t is bounded along the
southeast side by the Silver Coin fault and vein,
which strike N. 70° E. and dip 70° SE.

In hand specimen the rock is a medium light-gray
porphyry containing phenocrysts of pink potassium
feldspar as much as 5 mm across, smaller grains of
whitish plagioclase feldspar, abundant tiny crystals
of altered biotite, and scattered millimeter-size grains
of quartz, all set in a fine-grained holocrystalline
matrix. Microscopically, the rock has a fine-grained
hypidiomorphic-granular texture. Orthoclase occurs
both as euhedral phenocrysts and in the groundmass.

Quartz forms embayed anhedral phenocrysts that
show undulatory extinction. Plagioclase phenocrysts
are in the albite range of composition. They are very
dusty and their cores are strongly altered to sericite.
A little plagioclase also is in the groundmass. Bio-
tite is nearly completely altered to chlorite. Acces-
sory minerals are iron ore, apatite, and epidote. The
groundmass consists largely of quartz and potassium
feldspar, the quartz interstitial to much-corroded
feldspar. The rock is cut by many postconsolidation
fractures marked by narrow zones of microbreccia.
Owing to alteration, the proportions of potassium
and plagioclase feldspars could not be estimated
closely, but seem to be approximately equal.

HELL HOLE CONGLOMERATE
DISTRIBUTION

The Hell Hole Conglomerate underlies a broad belt
along the east flank of the Galiuro Mountains, ex-
tending from about a mile south of the north edge of
the Klondyke quadrangle to about a mile southeast
of Fourmile Canyon. It is here named for the Hell
Hole, in the lower reaches of Old Deer Creek, where
more than 400 feet of conglomerate is well exposed.
The belt of outerop is 5 to 6 miles wide. A few small
outcrops of what is probably the same conglomerate
are found in stream courses along the southwest slope
of the Santa Teresa Mountains, but elsewhere on this
slope the conglomerate, if present, is buried by older
alluvium. About 50 square miles, or 20 percent of
the quadrangle, is underlain by Hell Hole Conglom-
erate.

THICKNESS

The total thickness of the Hell Hole Conglomerate
is not known, as the upper limit could nowhere be
determined closely. The conglomerate is at least 400
feet thick in the type locality and attains a thickness
of at least 600 feet in Aravaipa Canyon between
Turkey Creek and the Hell Hole. At The Chimney,
on the southwest side of Aravaipa Canyon opposite
the mouth of Martinez Canyon, the conglomerate is
somewhat more than 400 feet thick. At none of these
places is the base exposed. A maximum thickness of
as much as 2,000 feet was scaled on a northeast-
trending section between Wire Corral Draw to the
southwest and Maroga Canyon to the northeast;
along this section the upper limit of the conglomerate
is everywhere a surface of erosion.

STRATIGRAPHIC RELATIONS

The Hell Hole Conglomerate rests unconformably
on Galiuro Voleanics, and to a lesser extent on Horse
Mountain Voleanics. In some places the unconform-
ity on the Galiuro Volcanics is markedly angular,



98 GEOLOGY, KLONDYKE QUADRANGLE, ARIZONA

whereas elsewhere the bedding of the volcanics and
conglomerate may be parallel even though the surface
of the volcanics is one of considerable relief.

The unconformity is well shown, for example,
where small outliers of flat-lying Hell Hole Con-
glomerate rest on the upper andesite unit of the
Galiuro Voleanics in the SE1} sec. 14, T. 6 S., R. 18
E. The base of the southwesternmost of these out-
liers dips steeply southeast, and that of the other
patch dips steeply east.

In the NE1; sec. 23, T. 6 S., R. 18 E., the Hell
Hole rests on eroded coarse-grained tuff at the base
of the upper tuff unit of the Galiuro Volcanics. It
has a basal conglomerate 1-2 feet thick made up of
angular fragments 6-8 inches across of various vol-
canic rocks. Although bedding of conglomerate and
tuff are parallel, the contact is markedly discordant.

In Booger Canyon in the SE1/ sec: 36, T. 5 S, R.
18 E., the base of the Hell Hole is a chaotic assem-
blage of angular blocks of volcanic rock as much as a
foot across that fills channels in the upper andesite
unit of the Galiuro Voleanics.

In Old Deer Creek a mile or so northeast of its
junction with Black Canyon, coarse-grained Hell
Hole Conglomerate dipping about 9° SW. rests on
gray to lavender platy rhyolite welded tuff of the
Horse Mountain Volcanics that dips 30° W. The
surface on the volcanics slopes about 45° NW., and
the lower part of the conglomerate is a coarse-
grained talus deposit composed entirely of fragments
of the rhyolite. At the mouth of Old Deer Creek,
the Hell Hole includes a fossil talus consisting of a
chaotic assemblage of large angular blocks of agglom-
eratic “turkey-track” lava. The contact of talus with
Galiuro Volcanics is vertical and probably is a fault
of small displacement. Coarse-grained basal con-
glomerate crops out in Arizona Gulch west and south
of the large isolated body of Horse Mountain Vol-
canics north of secs. 3 and 4, T. 6 S., R. 19 E.

Near the SW. cor. T. 5 S., R. 19 E., the upper
andesite unit of the Galiuro Volcanics is cut by
clastic dikes of Hell Hole Conglomerate.

Owing to relief on the preconglomerate surface,
contacts between volcanics and conglomerate may be
steep or even vertical and may simulate faults con-
tacts to such an extent that unless exposures are ex-
cellent it may be impossible to determine the nature
of the contact. For example, where the contact
crosses Aravaipa Canyon near the mouth of Old Deer
Creek, the horizontal conglomerate rests on a very
smooth surface that dips 35° NE. and is exposed for
a dip length of 200 feet; in the absence of good ex-
posures this contact might well be interpreted as a

fault. From Aravaipa Canyon for about 1.5 miles
south along the west side of Parsons Canyon, the
contact is a steeply dipping fault having a displace-
ment of not more than 150 feet; and from Fourmile
Creek southeast for a mile the contact appears to be
a fault having unknown but possibly considerable
displacement. '

The original upper surface of the conglomerate
may not be exposed in the Klondyke quadrangle, ex-
cept possibly southeast of Fourmile Creek, where the
contact between conglomerate and older alluvium
appears conformable. The conglomerate is overlain
along the Aravaipa Valley and some of its northeast-
sloping tributaries by younger alluvium. On the left
bank of Stowe Gulch, just upstream from Stowe
Spring, is an outcrop 250 feet long of well-indurated
well-bedded flat-lying pebble conglomerate that
strongly resembles the beds of the Hell Hole. At
this place the conglomerate is overlain by partly
consolidated older alluvium. This outcrop is the
most northeasterly known occurrence of highly in-
durated conglomerate, and is of some interest inas-
much as it suggests that the Hell Hole was deposited
a considerable distance northeast of the present axis
of Aravaipa Valley and then~was buried by alluvium.
In the rest of the outcrop area the upper limit of the
conglomerate, where later alluvium is lacking, is the
present land surface.

LITHOLOGY

The Hell Hole Conglomerate is in general a light-
colored—cream, buff, orange, pink, brown, or light
gray—moderately- to well-indurated rock composed
of angular to rounded pebbles, cobbles, and occa-
sional boulders of volcanic rock in an abundant sand
or grit matrix. The volcanics are types exposed in
the Galiuro Mountains, and some, such as certain
andesites, are types not exposed, at present anyway,
in the Santa Teresa and Turnbull Mountains; conse-
quently, most if not all of the volcanic fragments
probably came from the Galiuro Mountains. Frag-
ments of rocks other than volcanic are scarce. One
thin lens of cherty limestone, a thin bed of white
valeanic ash, and a little vitric tuff were seen.

Outcrops of Hell Hole Conglomerate are commonly
knobby and somewhat cavernous owing to weather-
ing-out of pebbles or of pebble beds. The conglom-
erate stands in high, steep to vertical cliffs where cut
by major streams, particularly Turkey Creek and its
tributaries, Old Deer Creek and its tributaries, and
Aravaipa Creek.

At the type locality the Hell Hole consists of buff
to gray conglomerate interbedded at stratigraphic
intervals of 2 to 3 feet with lentils of sandy material
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as much as a foot thick and several tens of feet long.
Elsewhere the most common general aspect of the
formation is that of a massive sandstone containing
erratically distributed coarser components. Frag-
ments of as much as boulder size commonly are con-
centrated in lenses or thin beds having a sandy and
locally sparse matrix, but many also are isolated in
sand-size material. Sandy material is ordinarily
abundant, making up from 20 to nearly 100 percent
of the rock, but it is not uncommon for the sandy
matrix to be entirely lacking. In the major west-
sloping tributary of Black Canyon south of hill 4509,
the Hell Hole is a very coarse-grained completely
chaotic rock containing many blocks of volcanic rock
5-6 feet across and 1 block estimated to be 60-70 feet
long, set in a coarse-grained sandy matrix. In the
tributary gully of Black Canyon south of Anderson
Spring, and on the west side of Parsons Canyon in
the NE1/ sec. 23, T. 6 S., R. 18 E., the basal part of
the conglomerate is a chaotic jumble of angular frag-
ments of the immediately underlying bedrock, com-
monly as much as a foot across. Near the head of
Turkey Creek, in sec. 21, T. 7 S., R. 19 E., the Hell
Hole overlies andesite of the Galiuro Voleanics along
a contact that dips 50°-60° E. Near the contact the
conglomerate contains blocks of volcanic rock 5-10
feet across. Although coarse-grained conglomerate
or breccia is commonly found at the base of the for-
mation, similar material also was seen hundreds of
feet higher in the section and several miles from any
possible source area.

Bedding is usually well enough developed that
attitudes may be easily determined, although in small
outcrops it may be obscure. In some of the high cliffs
the rock is so uniform that bedding is visible only
where softer beds have been etched out as a result of
differential erosion or where concentrations of lichens
are growing along certain beds, as at The Chimney
in Aravaipa Canyon (sec. 21, T. 6 S., R. 19 E.). In
detail, bedding may be shown by sandy layers in con-
glomerate or by the orientation of flat pebbles or
cobbles. Bedding appears to be rather uniform over
large exposures, but on a small scale there is much
interfingering of coarse- and fine-grained material,
and large fragments may fill channels in fine-grained
material. Crossbedding is common in beds composed
of pebbles or sand, and is particularly well developed
on the divide between Wire Corral Draw and Turkey
Creek, where the Hell Hole consists of light-gray to
buff sandstone having numerous gravel-filled chan-
nels.

Sorting ranges from good to poor, but as a general
rule is that typical of fluviatile deposits rather than

that characteristic of mudflows. In the type locality,
the lowest exposed conglomerate is a very poorly
sorted jumble of angular to rounded boulders as
much as 3 feet across, but even here there are scarce
but well-defined layers of sand. Near the mouth of
Bear Canyon, the Hell Hole is a very poorly sorted
practically nonbedded conglomerate or breccia com-
posed almost entirely of angular to subrounded frag-
ments of rhyolitic volcanics 1-3 feet across having a
very open texture and almost no sandy matrix.

The coarse components of the Hell Hole Conglom-
erate are mostly angular to subangular, less commonly
subrounded or rounded, fragments of volcanic rock.
In the prominent pink outcrops along the southwest
side of Aravaipa Valley in secs. 1 and 12, T. 7 S,
R. 19 E., about 10 percent of the coarse components
consist of greenish-gray to gray finely laminated
phyllite or massive fine-grained hornfels that could
be either Cretaceous or Precambrian (more likely
Precambrian), together with a little aplite similar to
that of the Santa Teresa Granite. Most of these
fragments are less than 2 inches across, but a few are
as large as 6 inches. In the grayish conglomerate
beneath the prominent buff cliffs southeast of lower
Fourmile Creek, pebbles of phyllite and diabase de-
rived from rocks of Precambrian age make up a very
small part of the coarse-grained material. These
pebbles are of interest in that they could have come
only from the Santa Teresa Mountains, whereas the
bulk of the Hell Hole Conglomerate consists of vol-
canic rocks derived from the Galiuro Mountains.

The matrix material of the Hell Hole is dominantly
sand or grit and has very little of the finer grain sizes.
The constituents are mostly rock fragments, feldspar,
quartz, and biotite. Cementing material wherever
noted is calcite. At the mouth of Old Deer Creek,
coarse-grained clear calcite is an abundant cement.
Elsewhere, calcite may form narrow veinlets.

Pyroclastic rocks seem to be uncommon in the Hell
Hole Conglomerate, and lavas are completely lacking.
A bed 2 feet or so thick of yellowish-gray (5Y 8/1)
vitric tuff is intercalated in the conglomerate in the
W1 sec. 11, T. 7 S., R. 18 E. The tuff consists almost
entirely of sand-size fragments of slightly devitrified
glass having a refractive index of about 1.485. Ac-
cessory components include numerous tiny ragged
and crinkled flakes of brown biotite, angular grains
of feldspar, quartz, blue-green hornblende, and
sphene, and a few fragments of volcanic rock.

Fine-grained white volcanic ash crops out near the
mouth of Old Deer Creek about 35 feet above the
creek bottom. The ash is a lens about 1 foot thick
and a few tens of feet long. Joint and bedding sur-
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faces in the ash are coated with calcite. The ash
consists almost entirely of tiny (<0.05 mm) frag-
ments of slightly devitrified glass having a refractive
index of about 1.498. Brown biotite in thin flakes
as much as 0.2 mm across, sparse minute fragments
of quartz, and very scarce apatite constitute together
less than 1 percent of the rock.

A lens of impure limestone and cherty limestone
3 to 4 feet in maximum thickness is exposed for about
300 feet near the base of the cliffs in Aravaipa Can-
yon a quarter of a mile below the mouth of Turkey
Creek. The lens pinches out downstream and dips
below the surface upstream. It is overlain and
underlain by coarse-grained conglomerate containing
boulders as much as a foot across. The lens in its
thickest parts consists of an upper layer a few inches
thick of silt and a lower layer of granular coarse-
grained limestone containing lenses an inch or less
thick of gray to grayish-red chert. The upper part
of the limestone has very thin wavy beds showing
diagenetic crumpling. The wavy bedding is accentu-
ated by the chert lenses. A thin section reveals an
extremely fine grained mixture of calcite, chalcedony
rosettes, and sparse quartz. A few grains of calcite
are as much as 0.3-0.4 mm across. Scattered spheri-
cal or ellipsoidal aggregates 0.2-0.4 mm in diameter
of chalcedony having concentric structure resemble
oolites; their origin is unknown.

Only a few days were devoted to study of the Hell
Hole Conglomerate, and no criteria were recognized
that would permit division of this thick unit. In a
very general way, the rock in the upper parts of the
cliffs of upper Turkey Creek, at the base of the cliffs
along lower Turkey Creek, and again in the upper
parts of the cliffs along Aravaipa Creek between
Sand Wash and Turkey Creek is more sandy than
elsewhere, but these finer grained beds also contain
so much coarse material that no division seemed
feasible. In the type locality the conglomerate seems
to grade upward into finer grained material, but no
break of formational significance is apparent. In
Black Canyon the upper beds seem to be finer grained
than those below, but boulders as much as 3-4 feet
across are scattered throughout the section.

Possibly, although by no means probably, a very
detailed study of conglomerate lithology would re-
veal some mappable subunits, such as members or
lentils, but such a study would be very time consum-
ing; it would be rather difficult in many areas of good
outcrop owing to inaccessible terrain, and would be
hampered seriously elsewhere by lack of outcrops.
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AGE

The limestone from Aravaipa Canyon was exam-
ined for ostracodes and rhizopods by I. G. Sohn, of
the U.S. Geological Survey, and for diatoms and
other microorganisms by K. E. Lohman, of the Geo-
logical Survey, with negative results in both cases.
No fossils have been found elsewhere in the Hell Hole
Conglomerate; consequently, its age can be estimated
only indirectly. It is considerably younger than the
volcanic rocks of the Galiuro Mountains, as it was
deposited on a surface of appreciable relief eroded
on these voleanics. It is much more indurated than
the older alluvium along the southwest side of the
Santa Teresa Mountains and is strongly deformed
along a narrow belt trending north-northwest along
Aravaipa Valley, and therefore is inferred to be older
than the alluvium; moreover, in at least one place a
conglomerate correlated with the Hell Hole is over-
lain by older alluvium. No ore deposits are found in
the Hell Hole. Available evidence does not seem to
permit dating the Hell Hole more closely than middle
or late Tertiary.

QUATERNARY SYSTEM
OLDER ALLUVIUM

The southwest flank of the Turnbull and Santa
Teresa Mountains, as well as the northeast flank of
the Galiuro Mountains southeast of Fourmile Creek,
are covered by alluvial and colluvial deposits that
form a low rolling terrain of some 52 square miles,
or about 21 percent of the quadrangle. Some of the
conglomerate on the lower parts of ridges southwest
of Aravaipa Valley and northwest of Fourmile Creek
in sees. 1, 12, 13, and 23, T. 7 S,, R. 19 E., may also
be older alluvium rather than Hell Hole Conglomer-
ate as shown on the geologic map. In many places
along upper Aravaipa Valley, low cliffs made up of
these alluvial deposits rise abruptly from the valley
fill. Alluvial deposits lie over a considerable range
of altitude, from as high as 5,000 feet on the south-
west flank of Horse Ridge, near the northern bound-
ary of the quadrangle, to as low as about 3,300 feet
near the confluence of Stowe Gulch and Aravaipa
Creek. Exposures in general are poor, as the alluvium
breaks down readily to form gentle slopes mantled
with sand and gravel.

The older alluvium is at least 350 feet thick in the
south half of sec. 26, T. 7 S., R. 20 E., is probably
more than 500 feet thick on the west side of Stowe
Gulch west of Stowe Spring, is at least 300 feet thick
in Arizona Gulch a mile or so west-southwest of Ara-
vaipa, and is more than 600 feet thick in Old Deer
Creek 2 miles northwest of Aravaipa. Northwest of



QUATERNARY SYSTEM

Buford Canyon, in an unsurveyed area in what would
be secs. 14 and 15, T. 7 S., R. 20 E., the alluvium may
well be more than 700 feet thick. Along Squaw
Creek and Rattlesnake Canyon the alluvium is 500-
600 feet thick.

The older alluvium rests unconformably on rocks
ranging in age from early Precambrian to Tertiary.
Over most of its outcrop area, it overlies Horse Moun-
tain Volcanics, Pinal Schist, Galiuro Volcanics, or
Hell Hole Conglomerate. Its stratigraphic relations
with the Hell Hole are obscure, as weathered or dis-
integrated Hell Hole can be distinguished only with
difficulty, or not at all, from older alluvium; in the
area along Black Canyon north of Old Deer Creek,
and at the south end of the outcrop area of Hell Hole
Conglomerate along Fourmile Creek, the location of
the contact between older alluvium and Hell Hole
Conglomerate is very uncertain.

From the Davidson Ranch southeast nearly to
Klondyke, older alluvium is separated from Hell Hole
Conglomerate by a strip half a mile to a mile wide of
younger alluvium along Aravaipa Creek, and the
contact relations are unknown. Possibly the fault
north of Davidson Ranch continues up Aravaipa Val-
ley, but evidence that it does so is lacking and there-
fore it is shown to extend only to sec. 36, T. 6 S,
R. 19 E.

The older alluvium lies practically flat wherever
bedding can be discerned. No faults are known to
cut alluvium, but several faults that cut Horse Moun-
tain Volcanics are buried by alluvium.

LITHOLOGY

The older alluvium consists for the most part of
poorly bedded unconsolidated or only slightly con-
solidated sand and gravel. In contrast with the Hell
Hole Conglomerate, whose fragments seem to be al-
most entirely of volcanic rocks, the older alluvium
contains blocks of Precambrian and Tertiary granitic
rocks, Precambrian metamorphic rocks, and Paleo-
zoic sedimentary rocks, in addition to the predomi-
nant volcanic rocks derived from both the Turnbull-
Santa Teresa and Galiuro Mountains. The frag-
ments range in shape from angular to rounded and
in size from sand to boulders. Locally, for example
on the ridge between the Grand Reef and Dogwater
mines, the alluvium contains immense blocks of Santa
Teresa Granite.

Near the mouth of Klondyke Wash and for a mile
or so up the wash, the alluvium consists of fairly well
sorted massive slightly consolidated coarse and fine
brown sand containing occasional pebble beds, all
capped by coarse gravel. Farther up this wash, the
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alluvium is coarse-grained poorly sorted practically
unbedded gray conglomerate containing a few sandy
layers and little or no matrix. Boulders are as much
as 2 feet across and are mostly Pinal Schist and
minor Santa Teresa Granite, quartzite, volcanic rocks,
vein quartz derived from Pinal Schist, and dike
rocks. Although the alluvium is mostly unconsoli-
dated, the abundance of flat-lying platy fragments
of Pinal Schist makes the material stable enough to
permit the existence of steep slopes 100 feet or more
high.

In Upper Squaw Creek and Rattlesnake Canyon,
the alluvium is fairly well consolidated and erodes
to steep slopes several hundred feet high.

A small remnant of older alluvium rests on Horse
Mountain Volcanies and Hell Hole Conglomerate on
the west side of Stowe Gulch in sec. 26, T. 6 S., R.
19 E. It consists of partly consolidated well-bedded
coarse brown sand and sandy gravel containing some
cobbles as much as 6 inches across. The components
are all voleanic rocks, many of them coated with
black desert varnish. The alluvium here is not
notably coarser grained near bedrock, and presum-
ably was not derived from the immediately underly-
ing rock.

In upper Squaw Creek, in secs. 7 and 8, T. 8 S,,
R. 20 E., the conglomerate contains numerous beds
and seams of caliche as much as 2 inches thick.

The abundance of fragments of Precambrian rocks
and Santa Teresa Granite, and the occasional presence
of boulders of reef breccia indicate that most of the
older alluvium northeast of Aravaipa Valley had its
source in the Turnbull and Santa Teresa Mountains,
as none of these rocks is exposed in the Galiuro Moun-
tains to the west. In some places the older alluvium
is coarser grained near the mountains, as witness the
enormous blocks of granite near the Santa Teresa
Mountains, but elsewhere no relation could be ob-
served between nearness to presumed source and
coarseness of components.

From the junction of Aravaipa Valley and Stowe
Gulch northward to Old Deer Creek the older alluvium
forms a belt 2 to 8 miles wide that is bounded along
the west side by a discontinuous series of resistant low
knobs of Horse Mountain Volcanics partly buried by
Hell Hole Conglomerate. These knobs probably mark
a fault-line scarp, or locally possibly an actual fault
scarp, at least 6.5 miles long along the east side of an
uplifted fault block. This scarp cannot be recognized
north of Old Deer Creek. No evidence of faulting
was seen anywhere along the contact between volcanic
rocks and older alluvium, although this contact dips
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as steeply as 40° where it crosses Old Deer Creek;
therefore, the fault is interpreted as being earlier than
the older alluvium and the scarp as constituting the
west margin of a local basin in which the alluvium
was deposited.

CONDITIONS OF DEPOSITION

The older alluvium is a typical fluviatile deposit.
The abundance of Precambrian and granitoid com-
ponents in the southeastern part of its outcrop area
northeast of Aravaipa Valley clearly indicates that
here it was deposited by streams heading in the Santa
Teresa Mountains. Southeast of Fourmile Creek most
of the coarse components were derived just as clearly
from the Galiuro Mountains. North of the low divide
between Sand Wash and Stowe Gulch (sec. 14 and 23,
T. 6 S,, R. 19 E.), evidence for the source area is not
clear, and the older alluvium has no obvious relation
to present drainage. However, all the lithologic types
in the alluvium crop out in the Turnbull Mountains
and could have been derived from these mountains.
The angular shapes and large sizes of the components
in the alluvium along the southwest flank of the Santa
Teresa and Turnbull Mountains indicate that the
alluvium was deposited by rapidly flowing streams
heading in a nearby area of high relief. Nothing in
the general character of the older alluvium suggests
that terrain or climate during the period of deposition
differed greatly from those of the present time.

AGE AND CORRELATION

The original constructional slopes of older alluvium
are still preserved over a large area southeast of Four-
mile Creek and on spurs near the Santa Teresa Moun-
tains, but deep valleys (for example, Long Hollow,
Squaw Creek, Rattlesnake Canyon, Arizona Gulch,
Stowe Gulch, Klondyke Wash, and Buford Canyon)
have been cut through the alluvium. Aravaipa Creek
has eroded a flood plain as much as a mile wide, which
along the southern 10 miles or so of its length has
been cut back into older alluvium, leaving steep bluffs
as much as 250 feet high. The deep dissection of the
older alluvium suggests that it is considerably older
than the alluvial deposits of the present flood plain of
Aravaipa Creek. No accurate age determination of
the older alluvium has been possible, but presumably
it is of late Pliocene or Pleistocene age.

The older alluvium apparently extends without in-
terruption southeastward into Sulphur Spring Valley
and around the southeast end of the Pinalefio Moun-
tains into the valleys of San Simon Creek and Gila
River. Some of the alluvial deposits in these valleys
have been called Gila Conglomerate (Meinzer and
Kelton, 1913, p. 25-28; Schwennesen, 1921, p. 7-8;
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Knechtel, 1938, p. 190-200) a name given by Gilbert
(1875, p. 540-541) to alluvial deposits extending for
many miles along the Gila River eastward from Saf-
ford. Inasmuch as no detailed studies have been made
of the alluvial deposits southeast of the Klondyke
quadrangle, and no fossils have been found in either
the older alluvium or the Hell Hole Conglomerate, 1
have little evidence for referring to either or both of
these formations as Gila Conglomerate. Some of the
problems involved in the use of the term Gila Con-
glomerate have been stated by Heindl (1952, p. 115),
who suggests that “use of the term ‘Gila conglomerate,’
through its application to several basins, to a variety
of deposits (including lake beds), and to more than a
single cycle of deposition, has inhibited understanding
of the depositional and structural history of the basin
deposits in this area.”

TERRACE DEPOSITS AND LAKE BEDS

Small remnants of stream terraces are preserved near
the axis of Aravaipa Valley, along both sides of Aravaipa
Creek as well as in the lower reaches of some of its
larger tributaries (fig. 28). Apparently two terrace
levels are represented, one 50 to 200 feet above the
present drainage and the other about 100 feet higher.
Two thick patches of terrace deposits appear on the
geologic map; on the other terraces the gravels are too
thin to warrant being shown separately. The terrace
deposits are probably of Pleistocene age but may be
as young as Recent.

A few small patches of alluvium are preserved on the
west side of Fourmile Creek near the Lackner Ranch;
these may possibly be of the same age as the terrace
deposits or may be older, possibly correlative with the
older alluvium. They consist of at least 100 feet of
brown unconsolidated locally well-bedded coarse gravel
and sand overlying unconformably the Hell Hole
Conglomerate. The gravel contains boulders as much
as 3 feet across.

Small patches of brown sand and silt are exposed at
several places in lower Stowe Gulch, in the unnamed
gullies just east of Stowe Gulch, in lower Klondyke
Wash, and on the southwest side of Aravaipa Valley
south of Klondyke. They are probably lake deposits.
It seems likely that these beds are considerably more
widespread along the northeast side of Aravaipa Val-
ley between Stowe Gulch and Buford Canyon but are
masked by debris from overlying gravel.

The lake beds are very poorly exposed and their
thickness is uncertain, but at least 100 feet of beds
underlie the low hills east of Stowe Gulch in the
NW1, sec. 31, T. 6 S, R. 20 E., and the beds along
the east side of Stowe Gulch in the NE1; sec. 25, T. 6
S., R. 19 E., are at least 60 feet thick.
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The lake deposits consist of unconsolidated brown,
very poorly bedded fine sand and silt, overlain by as
much as 25 feet of brown to gray fairly well bedded
coarse sand and pebble gravel. Along the east side of
lower Stowe Gulch, a thin layer of coarse gravel con-
taining boulders 2 feet or so across caps these beds.
The finer sediments are composed of subrounded to
angular grains from 0.01 to 0.2 mm across, and contain
abundant calcite. The overlying sand and gravel is
made up of volcanic and dike rocks, very scarce frag-
ments of granodiorite and diabase derived from rocks
of Precambrian age, and a little reef breccia.

The lake beds have been incised as much as 100 feet
below their original upper surface but are so soft and
easily eroded that the degree of dissection provides
little measure of their age; they presumably are of
Recent age, but may be as old as Pleistocene.

YOUNGER ALLUVIUM

The principal stream courses of the Klondyke quad-
rangle are floored with alluvium deposited by the pres-
ent streams. Aravaipa Creek flows northwestward
along a flood plain half a mile to nearly a mile across,
from the east edge of the quadrangle as far as the
Davidson Ranch (sec. 35, T. 6 S., R. 19 E.) where it
enters a narrow canyon. From this point to the
Salazar Ranch, 4.5 miles northwest, the flood plain is
generally less than a quarter of a mile wide; and be-
low the Salazar Ranch the Aravaipa Canyon is a
gorge at most a few hundred feet wide. The main
watercourse of Stowe Gulch, between its confluence
with Aravaipa Creek and a point about 2.5 miles
north, is along the west side of a broad flood plain.
0Old Deer Creek, Bear Canyon, Arizona Gulch, Turkey
and Fourmile Creeks, Long Hollow, Klondyke Wash,
and Buford and Rattlesnake Canyons have narrow
floors mantled by recent alluvium. Other small can-
yons and gullies have only minor accumulations of
alluvium, and some, such as Virgus Canyon in its
middle course, are floored with bedrock covered only
locally by thin alluvium.

About 17 square miles, or 7 percent of the quad-
rangle, is underlain by younger alluvium.

The thickness of the younger alluvium along stream
courses is uncertain, but cutbanks along upper Ara-
valpa Creek are several feet high, as are terraces in
the narrow canyon below the Davidson Ranch. In
the wider parts of Aravaipa Valley for several miles
northwest and southeast of Klondyke, the younger
alluvium may be several tens of feet thick.

Over most of its outcrop area, younger alluvium
rests unconformably on sedimentary and volcanie rocks
of Tertiary or Quaternary age. Scattered small
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patches of alluvium rest on rocks of Precambrian,
Paleozoic, or Mesozoic age.

Younger alluvium consists of unconsolidated poorly
sorted fluviatile sand and gravel along present stream
courses. It is important in the region as the principal
source of water along the Aravaipa Valley below the
Davidson Ranch and possibly above also. The allu-
vium is otherwise typical and warrants no further
description.

The younger alluvium as defined is confined to the
present stream courses and probably is entirely of Re-
cent age.

STRUCTURE

For convenience in discussion, the Klondyke quad-
rangle may be divided into three principal structural
units: (1) the Santa Teresa and Turnbull Mountains,
embracing approximately the northeast one-quarter of
the quadrangle; (2) the Galiuro Mountains, along the
west side of the quadrangle and occupying about one-
quarter of it; and (3) Aravaipa Valley and related
drainages, occupying about one-half of the quadrangle.

The structural evolution of the Santa Teresa-Turn-
bull Mountains region seems to have included at least
four periods of deformation as recorded by major un-
conformities and faults. The earliest structural fea-
tures, those of Precambrian age, are folds and schis-
tosity of general northeasterly trend. A second period
of deformation is indicated by folds in Paleozoic rocks,
principally Horquilla Limestone, which are truncated
by the overlying Cretaceous rocks; and a third period
must have occurred subsequent to the deposition of
the Cretaceous Pinkard Formation and the William-
son Canyon Volcanics but prior to the deposition of
the Horse Mountain Volecanics, which rest unconform-
ably on the Pinkard and Williamson Canyon. Struc-
tures of these two periods are obscure, and almost no
information is available on them. A fourth period of
deformation, to which probably all the many faults
of the region can be attributed, took place subsequent
to the deposition of the Horse Mountain Volcanics and
the emplacement of the Santa Teresa Granite and
Goodwin Canyon Quartz Monzonite.

For the Galiuro Mountains, meager data indicate
two periods of deformation older than the Galiuro
Volcanics and one younger than the volcanics; most
of the structural features of the region belong to the
latest period, and many of them also postdate the Hell
Conglomerate, which rests unconformably on the
Galiuro Volcanics. In the Copper Creek basin, deep
erosion and possible deformation of post-Mississippian,
pre-Cretaceous(?) age is indicated by an unconformity
between gently folded Escabrosa Limestone and the
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overlying Pinkard(?) Formation. A succeeding
period of minor faulting must have taken place prior
to deposition of the Galiuro Volcanics, as faults which
cut both Paleozoic and Cretaceous(?) rocks end
against the volcanies. The Galiuro Volcanics are cut
by a few faults, several of which also cut the younger
Hell Hole Conglomerate.

Rocks of Aravaipa Valley are nearly undeformed
except for a zone of monoclinal warping in the Hell
Hole Conglomerate, several broad folds, a single fault
restricted entirely to Hell Hole Conglomerate, and a
fault that must have cut Hell Hole Conglomerate but
is now buried and recognizable only by a fault line
scarp.

PRECAMBRIAN DEFORMATION

Deformation of Precambrian age is recorded in the
Santa Teresa—Turnbull Mountains block by the more
or less well-developed schistosity of the Pinal Schist
and by local gneissic masses in the Laurel Canyon
Granodiorite. Although no systematic study was
made of foliation or lineation, enough observations are
available to show that the schistosity has a dominant
northeasterly trend and steep dips, 60°-90° in either
direction. Although several departures from this
northeasterly trend were recorded, particularly in the
Pinal of the region between Tule Spring and Lands-
man Camp, the overall aspect suggests that axes of
Precambrian deformation trended northeast, mainly
between N. 30° E. and N. 60° E. This same general
trend was observed earlier in the Aravaipa and Stan-
ley districts by Ross (1925a, p. 40). Ransome notes a
dominant east-northeast trend of schistosity in the
Pinal of the Bisbee district (Ransome, 1904b, p. 25)
and a northeast trend in the Ray-Miami region (Ran-
some, 1919, p. 34-35). In the Clifton-Morenci region,
Pinal Schist in small outcrops near Pinal Point, 7-8
miles north of Morenci, strikes east (Lindgren, 1905a,
p. 56; 1905b). In central Cochise County the Pre-
cambrian orogenic axes trend in the northeast quad-
rant (Gilluly, 1956, p. 123); in the northwestern Dos
Cabezas Mountains, schistosity of the Pinal strikes
about northeast (Cooper, 1960); and in the Little
Dragoon Mountains, schistosity and fold axes in the
Pinal trend in the northeast quadrant (Anderson, 1951,
p. 1834-1335 and fig. 2; Cooper and Silver, 1954). In-
asmuch as the principal structures of post-Laurel Can-
yon age in the Klondyke region trend north-northwest
to northwest, the Precambrian and post-Precambrian
axes are nearly at right angles to each other. At
several places in southeastern Arizona, therefore, over
an area 150 miles long in a northwest direction and
as much as 80 miles wide, Precambrian structural
features trend between north and east, and as Gilluly
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notes, are about at right angles to the trend of the
dominant younger structural grain. However, along
the northeast flank of the Dos Cabezas Mountains in
the Cochise Head quadrangle, schistosity of the Pinal
trends west to northwest and dips steeply in either
direction (Sabins, 1957b, pl. 1). Clearly, more obser-
vations are needed, particularly in the extensive areas
of Precambrian rocks in the Pinaleno Mountains, be-
fore any attempt can be made to synthesize the strue-
tural development of southeastern Arizona during the
Precambrian.

POST-PALEOZOIC AND PRE-CRETACEOUS DEFORMATION

At only one place in the Santa Teresa-Turnbull
Mountains region are Cretaceous rocks believed to be
in depositional contact with Paleozoic rocks. Along
the south edge of secs. 19 and 20, T. 5 S., R. 20 E., the
Pinkard Formation that strikes east and dips 15°-35°
N. rests on folded Horquilla Limestone, some of which
dips as steeply as 70° S. This contact is poorly ex-
posed throughout its length of about a mile, but the
fact that it dips northward more or less parallel to
the bedding of the Pinkard Formation suggests that
it is indeed depositional rather than a fault. Inas-
much as the Pinkard itself is gently folded, some of
the folding of the Horquilla might be due to the same
causes, but the Horquilla is so much more intensively
folded that it seems likely to have undergone an
earlier deformation. There is some suggestion also
that fold axes in the Horquilla trend more northeast-
erly than those in the Pinkard, which trend about east.

Boulders of Precambrian granitoid rocks and gneiss
make up part of the basal conglomerate of the Wil-
liamson Canyon Volcanics, which rest disconformably
on the Pinkard Formation. Inasmuch as the Paleozoic
section is much the same over the entire Aravaipa re-
gion, and the Precambrian surface on which the Paleo-
zoic rocks were deposited appears to have been one of
little or no relief, it seems likely that exposure of
Precambrian rocks in post-Pennsylvanian time would
be due to deep erosion of the Paleozoic rocks rather
than to their nondeposition. These boulders indicate
furthermore that rocks of Paleozoic and Precambrian
age were exposed at the onset of Williamson Canyon
volcanism. It seems unlikely that local deformation
plus erosion sufficiently deep to strip a cover of hun-
dreds of feet of Cretaceous rocks (plus hundreds of
feet more of Paleozoic rocks also?) from the Precam-
brian basement rocks could have occurred during the
presumably short interval marked by the disconform-
ity; therefore I believe that (1) the Precambrian
rocks of the boulders in the basal conglomerate of the
Williamson Canyon were exposed prior to the deposi-
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tion of the Pinkard Formation, and (2) the Pinkard
must have been laid down on a surface of rather pro-
nounced relief, so that older rocks were still exposed
within a relatively short distance of where as much
as a thousand feet or more of marine clastic rocks had
been deposited.

In the Copper Creek basin of the Galiuro Moun-
tains, rocks of the Pinkard (%) Formation rest directly
on Escabrosa Limestone, and a considerable part of
the Escabrosa as well as all of the Horquilla are pre-
sumed to have been eroded away prior to the deposi-
tion of the Pinkard(?). However, the Escabrosa and
Pinkard(?) lie nearly parallel, so that their relations
may record merely a period of erosion rather than
provide in themselves evidence of pre-Pinkard oro-
geny.

LATE(?) CRETACEOUS OR EARLY TERTIARY
DEFORMATION

Evidence of deformation in the Santa Teresa-Turn-
bull Mountains block following deposition of the Wil-
liamson Canyon Volcanics and preceding the deposi-
tion of the Horse Mountain Volcanics is provided by
the pronounced angular unconformity at the base of
the Horse Mountain. The contact, which trends north-
west, clearly transects the eastward-trending grain of
the Pinkard and Williamson Canyon. The age of
the Horse Mountain Volcanics is not certain, but the
basal part at least may be of Cretaceous age; if so,
then the unconformity records deformation of Late
Cretaceous age.

The structure of the Pinkard and Williamson Can-
yon rocks is very poorly understood, mainly because
the Williamson Canyon Volcanics provide so few
reliable structural data, but the dominant structural
feature appears to be an eastward-trending syncline
whose axis is near the south edge of the outcrop area.
Although this fold cannot be traced to closer than
about half a mile from the contact of the Horse
Mountain Volcanics, it appears to be cut off by that
contact. The Pinkard also is folded on a small scale
in the northeastern part of its outcrop area, but the
area involved is small and outcrops are poor so that
the nature of these folds is obscure. Presumably, con-
siderably more data on the structure of the Cretaceous
rocks will come to light when the much more extensive
outcrop areas in the San Carlos Reservoir quadrangle
to the north are studied.

Very little is known about the surface on which the
Williamson Canyon Voleanics were deposited. How-
ever, the fact that Horse Mountain Voleanics rest un-
conformably not only on Williamson Canyon rocks but
also on all the Paleozoic formations indicates either
that (1) the Williamson Canyon was deposited on a
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surface of considerable relief and never was present
within 114 miles north or east of Aravaipa, or (2) a
considerable amount of erosion, depending of course
on the original thickness of the formation, must have
ensued subsequent to its deposition in order to expose
the Paleozoic rocks on which the Horse Mountain
Volcanics now rest. The trend of the basal contact of
the Horse Mountain argues rather strongly for the
second alternative, but both may have been factors.

A few faults cannot be placed definitely in any
period of deformation, and possibly may belong to
either the Late(?) Cretaceous or early Tertiary struc-
tures or to the post-Horse Mountain structures. The
north-trending Klondyke Wash fault, which brings
Buford Canyon Formation against Pinal Schist along
the east side of secs. 3 and 10 (unsurveyed), T. 7 S.,
R. 20 E. has an estimated throw & of 800-900 feet but
does not offset two long silicic dikes that cross the
prolongation of the fault half a mile farther north;
moreover, a latite dike is intruded along the western-
most branch of the fault where it crosses Klondyke
Wash in the NE14 sec. 10. Where the Klondyke Wash
fault crosses the more northerly canyon in the SE14
sec. 3, it is marked by a breccia zone 35 feet wide. The
northeastward-trending Quartz Hill fault that passes
through Quartz Hill (SW14 sec. 1 (unsurveyed), T. 7
S., R. 20 E.) and forms the northwest contact of the
main outerop of the quartzite member of the Pinal
Schist has an estimated throw of 2,500-3,000 feet and
a strike separation of about 2,800 feet in a right-lateral
sense; yet the same two dikes apparently cross the
fault without offset; although these dikes could not be
traced within the quartzite itself, two short dikes simi-
lar lithologically to those northwest of the fault crop
out a few hundred feet southeast of the quartzite and
approximately along the strike of the main dikes.
This fault appears to end to the northeast against an
intrusive contact between Santa Teresa Granite and
Pinal Schist. These data suggest that both these
faults antedate the emplacement of the granite and its
presumably consanguineous dikes. Inasmuch as the
age of the Buford Canyon Formation is not known,
the maximum age of the faults is uncertain.

The Landsman Camp fault is probably older in part
than the Goodwin Canyon Quartz Monzonite, whose
emplacement at one locality appears to have been
guided by the fault. Early movement along the fault
may have antedated the Horse Mountain Volcanics,
but later movement in an opposite sense involved the
volcanic rocks.

3 “Throw’ as used in this report is the vertical component of the dip
separation (Crowell, 1959, p. 2670).
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Several faults are clearly older than the silicic dikes
and locally have dikes intruded along them. These
include several faults, apparently of small displace-
ment, 14-1% mile west of Landsman Camp, a fault
crossing the summit of the hill 3,000 feet east of Tule
Spring, and two small faults in the SW1 sec. 20, T. 5
S., R. 20 E. The Head Center—Sinn Fein fault and
segments of the Grand Reef fault also have dikes
along them, but these faults cut Horse Mountain Vol-
canics and therefore can be grouped with the post-
Horse Mountain structures.

A northwestward-trending fault has been mapped
from a point about half a mile north-northeast of
Aravaipa to a point half a mile southeast of Tule
Spring, a distance of 2 miles. This fault, here named
the Tule Spring fault, joins the Tule Canyon fault
(see below) just southeast of Tule Spring.

On the geologic map the fault is shown to be the
southwest limit of a long, narrow, and discontinuous
belt (<600 ft wide) of faulted, brecciated, and sheared
Paleozoic rocks lying between Pinal Schist to the
southwest and Horse Mountain Volcanics to the north-
east. The fault dips gently to moderately northeast
and brings younger rocks—Paleozoic sedimentary
rocks and Horse Mountain Volcanics—over Pinal
Schist, and to a lesser extent, over Bolsa Quartzite.

The Tule Spring fault seems to have a rather pecu-
liar geometry. At its northwest end it dips steeply
northeast; along its middle course it dips gently
northeast, locally as little as 5°~10°; and at its south-
east end it again dips as steeply as 55° or even more.
Moreover, in its southeastern part, at least some of the
movement involves volcanic rocks, whereas in its
northwestern part the volcanics are younger than the
fault and are not disturbed by it. The apparent con-
flict between relative ages of volcanic rocks and fault-
ing can be resolved by postulating either that the
volcanics involved in faulting are older than the bulk
of the Horse Mountain Volcanics or that later move-
ment has taken place along the southeastern part of
the fault. Available evidence does not permit a logical
choice between these alternatives. The faulted vol-
canics are rather different lithologically from the
unfaulted volcanics farther northwest, being nonde-
script silicic rocks rather than andesites, and also
appear to be lower in the section, so that they could
be older than the Horse Mountain rocks. However,
they are shown as Horse Mountain Volcanics on the
geologic map.

Relative direction of movement along the fault has
not been determined satisfactorily. The apparent dis-
placement is normal and is so shown in section D-D’,
plate 1, but the locally low dip of the fault (for ex-
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ample, north of Arizona Gulch) is difficult to explain
by normal faulting. However, although normal faults
of low dip seem to be rather uncommon, they have
been recognized in northwestern Peru (Iddings and
Olsson, 1928, p. 33; Travis, 1953, fig. 7), and several
large examples in the Desert Range of southern Ne-
vada have been described by Longwell (1945). The
Tule Spring fault seems best interpreted as a normal
fault having local low dip along which the principal
movement took place prior to the deposition of the
Horse Mountain Volcanics. The southeastern part
may have been reactivated subsequent to the deposi-
tion of the volcanics, possibly attendant upon em-
placement of the Santa Teresa Granite, but I favor
the idea that two different ages of volcanic rocks are
involved.

In the Copper Creek basin in the Galiuro Mountains
block, faults that bring the Pinkard(?) Formation
and Glory Hole Volcanics against Escabrosa Lime-
stone are buried by Galiuro Volcanics, and the basal
contact of the Galiuro Volcanics shows no offset. If
correlation of some of the Copper Creek rocks with
the Pinkard is correct, then these faults are of Creta-
ceous or early Tertiary age; inability to date the
Galiuro Volcanics more closely than middle Tertiary
prevents any close bracketing of the age of the faults.

STRUCTURAL FEATURES YOUNGER THAN THE HORSE
MOUNTAIN VOLCANICS

Most of the structural features of the Klondyke
region—dominantly faults, and subordinate folds—
were formed after deposition of the Horse Mountain
Voleanics. In the Santa Teresa-Turnbull Mountains
block, deformation subsequent to the deposition of the
Horse Mountain Volcanics is recorded by steep dips
as much as 75° near the base of the formation, by the
many faults that cut the volcanics and older rocks, and
by minor folds in the volecanics. Practically all the
faults in this block north of Klondyke Wash involve
either Horse Mountain Volcanics or the Santa Teresa
Granite and Goodwin Canyon Quartz Monzonite, both
of which are probably younger than the volcanics.
Faults cutting the Galiuro Volcanics also belong to
this group of structures, inasmuch as the Galiuro Vol-
canics are thought to be the same age or younger
than the Horse Mountain Volcanics. Faults and folds
in the Hell Hole Conglomerate are clearly younger
than the Horse Mountain and Galiuro Volecanics, inas-
much as these formations are overlain by the con-
glomerate.

Many of the faults of post-Horse Mountain age in
the Santa Teresa and Turnbull Mountains, the faults
along the northeast flank of the Galiuro Mountains,
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the buried fault in Aravaipa Valley, and the mono-
clinal warp and broad folds in Hell Hole Conglomer-
ate are elements of the north-northwesterly structural
grain that was first impressed upon the region prob-
ably at the time of emplacement of the Santa Teresa
Granite.

SANTA TERESA-TURNBULL MOUNTAINS BLOCK

Aside from one poorly defined syncline and perhaps
other even more obscure folds, the principal structural
features of the Santa Teresa-Turnbull Mountain block
are faults. These range in size from minor breaks to
major structures such as the Grand Reef fault, which
has been traced for at least 9 miles.

Many of the faults trend north-northwest to north-
west, a few trend northwest, and several near the Head
Center and Iron Cap mines trend about east. The
trend of faults and dikes and the attitudes of the
Horse Mountain Volcanics all combine to give a gen-
eral impression of a north-northwesterly structural
grain. Most ore deposits of the Aravaipa area are
along faults of this trend.

Most faults of the block are simple structures of
limited extent and do not merit individual descrip-
tions. A few that are of particular interest because
of their size or the information they yield will be
described in approximate geographie order from south
to north.

GRAND REEF FAULT

The Grand Reef fault, named for spectacular ex-
posures of fault breccia at the Grand Reef mine in
Laurel Canyon (E1% sec. 29, T. 6 S., R. 20 E.), is the
principal structure between Waterfall Canyon and
Imperial Mountain, a distance of about 5 miles. To
the south of Waterfall Canyon, the fault is well ex-
posed in the north branch of Klondyke Wash and is
inferred to cross the south branch of the same wash
just west of the Laclede mine, 2 miles south of Water-
fall Canyon. East, north, and northwest of Imperial
Mountain the fault splits into several lesser faults, the
main one of which can be traced as far north as Ara-
vaipa. North of Aravaipa, so many northwestward-
trending faults cut Horse Mountain Volcanies and
Paleozoic rocks that the identity of the Grand Reef
fault is lost. In summary, the fault has been traced
for at least 9 miles, and possibly for 12 miles, and has
a stratigraphic throw that probably exceeds as a mini-
mum the entire thickness of the Paleozoic section,
perhaps 1,300 feet.

Between the north branch of Klondyke Wash and
Imperial Mountain, the Grand Reef is a normal fault
dipping 70°-90° W.; Horse Mountain Volcanics are
in the hanging wall and Pinal Schist or Laurel Can-
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yon Granodiorite is in the footwall. North of Im-
perial Mountain the dip is uncertain but is probably
steep.

The Grand Reef fault is at no place a single fracture
but rather is a zone of variable width marked more
or less continuously by resistant silicified fault breccia
and dike rock (these bodies of resistant breccia are
common along faults in the Santa Teresa and Turnbull
Mountains and will be referred to henceforth as brec-
cia reefs). The fault zone ranges in width from a few
feet to as much as 200 feet at the outcrop and at one
place on the adit level of the Grand Reef mine is at
least 150 feet wide. The Grand Reef structure at
several places between Klondyke Wash and Imperial
Mountain will be described briefly, in geographic order
from south to north.

South fork of Klondyke Wash, just southwest of
the Laclede mine: No breccia is exposed, but a fault
inferred to be the Grand Reef fault, trending N. 30°
W., passes between flow-layered latite or trachyte lava
and flow breccia of the Horse Mountain Volcanics to
the southwest and altered andesitic volcanic rocks of
the Buford Canyon Formation to the northeast.

North fork, Klondyke Wash: The breccia reef is
10-12 feet wide, strikes N. 35°—45° W., and dips 80°-
90° SW. Pinal Schist in the northwest wall near the
fault is intruded by several dikes, one of which is cut
by the fault. The breccia consists of angular frag-
ments of dark-gray very fine grained andesite or latite
as much as several inches across, cemented by dark
yellowish-brown calcite and later veinlets of quartz.
Microscopically, the breccia fragments consist of an
intergranular aggregate of very dusty oligoclase laths
0.1-0.2 mm long, interstitial epidote, chlorite, and iron
ore, and irresolvable birefringent material, some of
which is probably potassium feldspar. The rock is cut
by numerous quartz veinlets.

Waterfall Canyon: Vertical fault; breccia is 30 feet
wide. The breccia is grayish-red highly silicified rock
composed of angular lithic fragments a few centi-
meters across and grains of feldspar and quartz in a
fine-grained matrix of quartz, minor amounts of fluor-
ite, and possibly a little potassium feldspar. The rock
fragments are so thoroughly silicified that their origi-
nal lithology is practically obliterated; some appear
to have been porphyritic silicic dike rock.

Junction claim, center N14 sec. 33, T. 6 S., R. 20 E.:
Fault zone strikes N. 10° W. and dips 80° W. Con-
sists, from west to east, of 8 feet of red breccia having
finely layered chalcedony or opal along the footwall,
2 feet of light grayish-green brecciated and altered
latite(?), and 2-6 feet of fine-grained green breccia,
some of which may be rhyolite dike rock and some
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In the NW14 sec. 35 the contact between Pinal
Schist and Santa Teresa Granite changes strike
abruptly from east to southeast, and from this bend
southeast to the quadrangle boundary it is intrusive.
Careful traverses in the area of granite east of the east-
ernmost exposures of the breccia reef along the Water-
fall Canyon fault failed to reveal any outcrops of
breccia or any other evidence that the fault extends
beyond the point at which the contact changes strike.
Apparently, faulting and breccia formation took place
prior to the final consolidation of the granite in this
area; yet farther west, granite fragments make up
part of the breccia reef, and brecciated granite is
found along the north side of the fault. A plausible
interpretation of this apparent anomaly is that the
breccia reef marks the site of a preexisting fault along
which the granite was intruded. Development of the
westward-projecting lobe of granite between Waterfall
and Laurel Canyons, possibly as a result of local west-
ward-directed pressure within the granite magma, then
caused shearing and brecciation of previously con-
solidated granite along the original contact, as well as
the left-lateral displacement of the Grand Reef fault.
The granite beyond the east end of the breccia reef,
being still unconsolidated during formation of the
lobe, would not be expected to retain any evidence of
such displacement.

TULE CANYON FAULT

A well-defined fault extends for about 11% miles
north and northwest from the Tule mine, just south-
east of Tule Spring. At its south end the fault strikes
southward as if to connect with a branch of the Grand
Reef fault, but appears rather to end against the Tule
Spring fault. Where the fault crosses Tule Canyon,
it strikes N. 80° W., dips 65° SW., and is marked by
a prominent specularite breccia reef 70-80 feet wide.
The breccia consists of fragments of purple porphy-
ritic volcanic rock, mostly less than 6 inches across,
cemented by quartz and specularite. The east wall of
the reef is brecciated green phyllite of the Pinal
Schist, striking N. 65° E. and dipping steeply south-
east. For a distance of 50-60 feet from the reef the
phyllite is cut by a network of veins of quartz and
pink feldspar(?) as much as 6 inches wide and by
later veinlets of specularite.

Farther north, the fault is exposed in a pit just
north of the road to Landsman Camp, where it strikes
N. 35° W. and dips 65° SW. The northeast wall of
the fault is Pinal Schist, the southwest wall is Esca-
brosa Limestone. Between the walls of the fault is a
thin slice of Bolsa Quartzite overlain by a few tens
of feet of marl, presumably of the Martin Formation;
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both outcrops are too small to be shown at the scale
of the geologic map.

The course of the Tule Canyon fault north of a
point about half a mile north of Landsman Camp road
is doubtful, but it probably extends as far as William-
son Canyon to connect with the fault between Horse
Mountain Volcanics and Horquilla and Escabrosa
Limestones in the NW1; sec. 30, T. 5 S., R. 20 E.

Displacement along the Tule Canyon fault can be
estimated only where the fault crosses the Landsman
Camp road. At this place the stratigraphic throw is
known to be at least 400 feet, the combined thickness
of Bolsa Quartzite and Martin Formation cut out to
bring Escabrosa Limestone against Pinal Schist. At
both places where the dip could be measured, the fault
shows displacement in a normal sense.

GOODWIN CANYON FAULT

The contact between Santa Teresa Granite and
Goodwin Canyon Quartz Monzonite from the head of
the west fork of Fisher Canyon at the east edge of
the quadrangle northwestward for 2 miles is inter-
preted as a fault. This fault continues northwest for
another three-quarters of a mile as the contact between
Pinal Schist and Escabrosa(?) Limestone or quartz
monzonite, and what is probably its continuation ex-
tends west-northwest for at least a mile to the head
of the Middle Fork of Goodwin Canyon. The total
length of the fault is then about 4 miles.

Evidence for the existence of the Goodwin Canyon
fault is almost entirely indirect, as the fault is not
exposed anywhere except possibly north of Rocky
Top near the east edge of the quadrangle, where sev-
eral pits have been dug along a sheared contact zone.
Farther northwest, the very straight course of the
South Fork of Goodwin Canyon is interpreted as
being controlled by the fault. The limestone lens at
Monkey Spring in the center of sec. 27, T. 5 S., R. 20
E., consists of fine-grained medium-gray fetid crin-
oidal limestone, probably Escabrosa, which has been
almost completely converted to garnet-epidote tactite.
Both contacts of this limestone with Pinal Schist are
surely faults. The contact between limestone and
quartz monzonite is not exposed, but the strong altera-
tion of the limestone suggests that the contact is
intrusive or, if a fault, is one of small displacement.
Accordingly, the Goodwin Canyon fault is inter-
preted to form the southwest contact of the lime-
stone lens.

The body of Escabrosa Limestone (including pos-
sibly some Horquilla Limestone) about three-quarters
of a mile north of Cobre Grande Mountain is in con-
tact with quartz monzonite along its entire northeast



112

side. This contact is interpreted as a fault, inasmuch
as the limestone along much of the contact appears to
be unaltered, whereas elsewhere, carbonate rocks in-
truded by quartz monzonite are thoroughly converted
to tactite (Escabrosa(?) Limestone at Monkey
Spring, Horquilla (and Escabrosa?) Limestone in
secs. 16, 17, and 20, T. 5 S., R. 20 E.). However, the
Escabrosa Limestone is generally a very pure car-
bonate rock, and if contact alteration were limited
to marmorization, its results might easily pass un-
recognized. Moreover, an appreciable amount of
epidote, pyroxene, and garnet have replaced lime-
stone at various places near the Cobre Grande mine.
If the contact is indeed a fault, it may be one of only
small displacement. No fault could be traced through
the Pinal terrane between the two bodies of lime-
stone, but the two fault segments are approximately
colinear, and therefore are connected with a dashed
line on the geological map.

The nature of the contact between Bolsa Quartzite
and quartz monzonite west of the Cobre Grande lime-
stone block is uncertain; the contact is shown as in-
trusive but may instead be the westward continuation
of the Goodwin Canyon fault.

COBRE GRANDE FAULT

The main adit of the Cobre Grande mine is along
a northeastward-trending fault between Pinal Schist
to the southeast and Escabrosa Limestone and Bolsa
Quartzite to the northwest. Another adit a few hun-
dred feet to the southeast was reported by Ross
(1925a, p. 102-103) to have been more than 700 feet
long and to have had limestone in the face; this adit
begins in Pinal Schist and is now caved 180 feet from
the portal. The Cobre Grande fault appears to end
against the Goodwin Canyon fault just northeast of
the main adit. It is known to extend for a little more
than half a mile southwest of the adit, where it
enters Laurel Canyon Granodiorite and could not be
traced further; however, its course farther southwest
may be marked in part by a silicic dike, and it may
connect finally with the fault along the east side of
the hill north of Copper Canyon.

The displacement along the Cobre Grande fault is
not known, but the stratigraphic throw near the
Cobre Grande mine must be in excess of 1,000 feet
in order to cut out entirely the section of Paleozoic
rocks on the northwest side of the fault. Displace-
ment elsewhere along the fault cannot be estimated
at all.

LANDSMAN CAMP FAULT

A fault of rather sinuous course has been traced
from Landsman Camp eastward and northward to
the head of the Middle Fork of Goodwin Canyon, a
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distance of about 2.5 miles. The southern part of
this fault, as far north as the divide between Tule
and Goodwin Canyons, is located fairly accurately,
but the continuation to the north is shown with con-
siderably less assurance owing mainly to poor ex-
posures and heavy brush. The southernmost half
mile of the fault has Escabrosa or Horquilla Lime-
stone in the north or west wall and Pinal Schist or
Laurel Canyon Granodiorite in the south or east wall.
The fault is inferred to end to the west against the
Iron Cap fault (see below), but exposures do not
reveal the nature of the intersection, and indeed the
Landsman Camp fault appears to change strike
smoothly and become the Iron Cap fault; however,
that it does not do so is suggested by the fact that
the Landsman Camp fault dips nearly vertically at
the only place where its dip could be measured,
whereas the Iron Cap fault is believed to dip much
more flatly to the west. In the Goodwin Canyon
drainage the fault forms the contact between the
Pinkard Formation and Williamson Canyon Vol-
canics to the west, and Paleozoic rocks, including
tactite derived from the Horquilla (and Escabrosa?)
Limestones, to the east.

In the E14 sec. 20, T. 5 S., R. 20 E., the fault for
about 1,500 feet along the strike has Goodwin Can-
yon Quartz Monzonite in the east wall and a thin
lens of hornfels, apparently derived from the Pinkard
Formation, in the west wall. These relations suggest
that the fault is of pre-quartz monzonite age and that
it locally controlled the emplacement of the quartz
monzonite; consequently, this segment of the fault is
shown as an intrusive contact on the geologic map.

The course of the fault at its north end in the W14,
sec. 16 is unknown; it probably bends sharply to the
northwest to continue as the contact between Pinkard
Formation and altered limestone. As noted in the
preceding paragraph, the fault is believed to antedate
the Goodwin Canyon Quartz Monzonite and pre-
sumably terminates against the quartz monzonite at
its north end.

Displacement along the Landsman Camp fault
could not be measured accurately, but at one place
the base of the Bolsa Quartzite, here perhaps 350 feet
thick, striking about perpendicular to the trace of the
fault, and dipping 25°-30°, is brought against the
lower part of the Horquilla Limestone; if the thick-
ness of the Escabrosa Limestone in this area is taken
as 350 feet, then this juxtaposition indicates a strati-
graphic throw in excess of 750 feet.

Along most of the length of the fanlt, the north
or west side is downthrown with respect to the south
or east side, but along a south-southwestward-trend-
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ing branch fault in the head of Tule Canyon east of
Landsman Camp, Horse Mountain Volcanics resting
on Pinal Schist on the east side of the fault are down-
thrown against older rocks on the west side. This
branch fault is marked by a prominent quartz-specu-
larite breccia reef as much as 50-75 feet wide. The
breccia reef also lies along the main fault for a short
distance. The branch fault and its breccia reef evi-
dently reflect a later local reversal of movement on
the Landsman Camp fault, possibly resulting from
emplacement of the Santa Teresa Granite, with which
at least one of the specularite breccia reefs (that
along the Waterfall Canyon fault) appears to be re-
lated genetically.

IRON CAP FAULT

A south-trending fault is inferred to extend from
near the Iron Cap mine (SE1} sec. 19, T. 5 S., R.
20 E.) southward to a point just west of Landsman
Camp, where it either becomes the Landsman Camp
fault or, more likely, enters Pinal Schist and becomes
unrecognizable. To the north the fault seems to
terminate against an east-trending fault parallel to
and just north of the Head Center fault. (See be-
low.) The Iron Cap fault is not exposed at any
place, but its existence is indicated by the abrupt
termination of Bolsa Quartzite and Escabrosa Lime-
stone on the west side of the canyon north of Lands-
man Camp, and by repetition of Horquilla and
Escabrosa Limestones just northwest of Landsman
Camp. The relation of the fault trace to topography
indicates that, at least along its southern half, the
fault dips about 25° to the west and is therefore a
reverse fault.

In the lower walls of the canyon just north of Lands-
man Camp, Escabrosa Limestone dips gently, whereas
on the ridge immediately to the west, Horquilla and
Escabrosa Limestones are overturned and dip steeply
south and southwest (see Section /-/”, pl. 1) ; this over-
turning probably resulted from drag in the footwall of
the fault.

The relations between the Iron Cap fault and the
Head Center and other faults appear to be complex
and could not be worked out in detail, owing in part
to lack of marker beds in the Horquilla Limestone
near the Iron Cap mine and in lesser degree to lack of
outcrops. These relations probably could have been
solved more satisfactorily had access been granted to
the Iron Cap mine, which seems to have been opened
on a plexus of faults (Wilson, 1950, p. 56-58).

HEAD CENTER FAULT

The Head Center and Sinn Fein (new) mines are
on an eastward-trending fault that has been traced
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from the Head Center mine east to the Iron Cap mine
and west-southwest for nearly half a mile. The fault
dips 25°—45° N. and over most of its length has Hor-
quilla Limestone in the footwall and Horse Mountain
Volcanics in the hanging wall; in the bottom of Wil-
liamson Canyon a slice of sheared volcanic rocks as
much as 30 feet wide lies along the fault for a short
distance. Along its eastern two-thirds the fault is in-
truded by a quartz porphyry dike, which is probably
100 feet wide where it crosses Williamson Canyon;
farther east toward the Iron Cap mine, the dike is
only 10 feet or so in width and contains few or no
quartz phenocrysts. In Williamson Canyon the Head
Center fault is marked by strongly shattered wallrocks
and locally by as much as 20 feet of breccia. In the
Sinn Fein mine the fault in many places has several
feet of gouge along it.

Neither the direction nor the amount of movement
along the fault is known, although the fact that
younger rocks are in the hanging wall indicates that
the throw has been in a normal sense. Wilson (1950,
p. 54) believes that the Head Center fault zone is
“genetically related to the Iron Cap thrusts” but does
not specifically state that the Head Center fault is a
thrust or reverse fault, and Denton (1947b, p. 4) states
that “low-angle faults at the Head Center and Grand
Central claims are generally considered to be of thrust
origin.” Detailed mapping in the Head Center mine
might have resolved the problem; however, access was
not permitted to this mine. The Sinn Fein mine does
not provide any evidence as to direction or amount of
movement.

Neither the Head Center nor the northwestward-
trending fault that joins it about 2,000 feet west-
southwest of the Head Center mine could be mapped
farther west into Horse Mountain Voleanics. Al-
though outcrops in the area west of the mine are only
fair, it seems likely that one or the other fault might
have been traceable, and therefore that the two faults
may indeed end against each other as shown on the
geologic map.

The east-trending fault 500-1,000 feet north of the
Head Center fault is interpreted as being steeply
dipping and as having a large horizontal component
of displacement. Along the western part the fault,
the base of the Horse Mountain Volcanics has been
offset in a left-lateral sense for possibly as much as
1,800 feet ; the amount of offset is uncertain because the
reference contact could not be located closely on the
north side of the fault. The fault was traced for
more than 1,000 feet farther west into Horse Moun-
tain Volcanics. In its eastern part the fault has
Horquilla Limestone in the south wall and William-
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son Canyon Volcanics in the north wall, and at two
places has slices of Horquilla Limestone along it. The
possible eastern extension of the fault lies entirely in
Pinkard Formation and could not be traced, but its
course may be indicated by a quartz porphyry dike
that appears to end just west of the Landsman Camp
fault. On the other hand, it is possible that the seg-
ment of the fault east of the Iron Cap fault is indeed
a fault of small displacement that dies out to the
east, whereas the segment west of the Iron Cap fault
is a tear fault along which movement took place at
the time the hanging-wall block of the Iron Cap fault
was displaced relatively eastward.

GALIURO MOUNTAINS BLOCK

The gross structure of the Galiuro Mountains vol-
canic pile is a broad downwarp, the trough of which
trends about east along Aravaipa Canyon. Both
north and south from the canyon the volcanic rocks
rise gently and dip 100400 feet per mile.

The Galiuro Volcanics are cut by a few faults of
small displacement, most of which are in the south-
west part of T. 7 S,, R. 19 E. 1In addition, the con-
tact between volcanics and the overlying Hell Hole
Conglomerate is marked in several places by faults,
most and possibly all of which are probably about
along the original depositional contact. In general,
however, the Galiuro Volcanics are broken by very
few faults, and in the entire region north of Ara-
vaipa Canyon only a single fault of moderate dis-
placement was found. The faults have a general
north to northwest trend, which is about parallel to
the structural grain of the Santa Teresa-Turnbull
Mountains block.

Some measurement of displacement was obtained
on two of the faults along the contact between Galiuro
Volcanics and Hell Hole Conglomerate. The north-
trending fault near the west edge of secs. 13, 24, and
25, T. 6 S., R. 18 E., has a stratigraphic throw of
about 50 feet where it crosses Aravaipa Canyon, and
a little more than a half a mile farther north it has
no discernible displacement. Where this fault crosses
Parsons Canyon to the south, it has a stratigraphic
throw of perhaps 150 feet; but within half a mile
farther south, it dies out completely. The strati-
graphic throw of the fault in sec. 36, T. 6 S., and
sec. 1, T. 7 S,, both R. 18 E., as indicated by the dis-
placement of the base of the upper welded tuff unit
of the Galiuro Volecanics, is about 250 feet.

The fault along or near the contact between Galiuro
Volcanics and Hell Hole Conglomerate, from a point
a mile northwest of Fourmile Creek to a point about
a mile southeast of the same creek, is marked at
several places by gouge and breccia. At its north-
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west end the fault appears to die out completely in
Hell Hole Conglomerate. Just east of the Left Prong
of Fourmile Creek, the gouge is 50 feet thick and
contains a little gypsum.

No major structural features were recognized in
the Copper Creek region. Various minor structures
were noted in preceding sections and their descrip- -
tions will not be repeated at this point. Breccia pipes
of Copper Creek will be described in the section on
ore deposits.

ARAVAIPA VALIEY BLOCK

The structural features of the Aravaipa Valley
block, all of which involve rocks younger than the
Horse Mountain Volcanics, were noted briefly in the
introductory statement.

The most striking of these structures is an asym-
metrical anticline in Hell Hole Conglomerate, trace-
able from the confluence of Old Deer Creek and Ari-
zona Gulch south-southeastward almost to Klondyke,
a distance of about 8 miles. The fold dies out to the
northwest and probably also to the southeast, although
it may continue for some distance southeast beneath
the alluvium of Aravaipa Valley. Beds on the south-
west flank of the fold lie nearly flat, whereas those
on the northeast limb dip 10°-45° NE. and at one
place just south of Maroga Canyon are overturned
to 75° SW; the steeply dipping beds are well exposed
for 3 miles along Aravaipa Canyon between Stowe
Gulch and Martinez Canyon. The width of the zone
of relatively steep dips is less than a mile and at most
places is less than half a mile. The fold presumably
is the surface expression of a buried fault of post-
Hell Hole age, having the northeast side downthrown,
and the overturned beds suggest that it may be a
reverse fault.

The conglomerate is gently folded along northwest-
ward-trending axes in the outcrop area northwest of
Fourmile Creek. Among these folds, the most pro-
nounced is a broad syncline whose trough lies near
the course of Turkey Creek. This fold is traceable
for about 5 miles and dies out in both directions.
Dips within half a mile of the trough are less than
15° and in most places are less than 5°. The remain-
ing folds are traceable definitely for only 1 to 3 miles
and are even less pronounced.

The east boundary of the discontinuous line of low
hills of Horse Mountain Volcanics that extends about
6 miles northward from near the confluence of Stowe
Gulch and Aravaipa Valley is interpreted as a fault
line scarp that faces east and marks a fault down-
thrown to the east. The striking alinement of the
volcanic hills is the only evidence for the fault; the
fault itself is not known to be exposed anywhere, and
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no rocks other than alluvium are exposed on the
downthrown side within 114 miles of the fault as
mapped. No evidence of faulting was seen along
contacts between volcanics and older alluvium, even
in Old Deer Creek where the contact dips as steeply
as 40° E., and the trace of the fault appears to be
completely buried by older and younger alluvium.
Consequently, the fault probably antedates the older
alluvium, and its scarp probably constituted the west
margin of a local basin in which the alluvium was
deposited. Admittedly, the hills could mark one side
of a remarkably straight valley cut in Horse Moun-
tain Volcanics, but the origin of such a valley would
be so highly conjectural that in lieu of more evidence
the fault interpretation seems preferable to me.

GEOLOGICAL HISTORY

The geological history of the Klondyke region will
be summarized in the following section, insofar as it
can be synthesized from the rather fragmentary data
available. Although no paleontologically dated rocks
of Cenozoic age are known in the quadrangle, what
seems to be a fairly eventful record of that era can
be deciphered. For the pre-Cenozoic history, how-
ever, a more than piecemeal synthesis is precluded by
discontinuous and limited exposures of the various
Paleozoic and Mesozoic rock units and by widespread
faulting of Tertiary age.

The earliest recognizable event in the geological
history of the region was the deposition of the sedi-
mentary and voleanic rocks of the Pinal Schist.
These rocks—graywacke, shale, quartzite, and inter-
mediate volcanic rocks—were then closely folded
along axes that now trend about northeast, metamor-
phosed to green-schist grade, and, probably near the
end of the orogeny, intruded by Laurel Canyon
Granodiorite and locally converted to hornfels. At
some time following deformation and metamorphism
but preceding deposition of the Cambrian Bolsa
Quartzite, both Pinal Schist and Laurel Canyon
Granodiorite were intruded by small sheets and ir-
regular bodies of diabase.

Although no direct evidence is furnished by rocks
of the Klondyke region, it seems likely that meta-
morphism of the Pinal must have long antedated the
Cambrian Period. No rocks of the late Precambrian
Apache Group crop out within the quadrangle, but a
great thickness of these rocks rest unconformably on
the Pinal a short distance to the west in the Holy
Joe Peak quadrangle. Accordingly, a sufficiently
long time must have elapsed subsequent to the de-
formation of the Pinal, and prior to the deposition
of the Bolsa, to permit deep erosion of the Pinal
and deposition of the Apache Group.
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During the Middle Cambrian, the area was flooded
by a sea in which the sandy sediments of the Bolsa
Quartzite were laid down. The absence of finer
grained clastic and calcareous rocks characteristic of
the Abrigo Formation, which conformably overlies
the Bolsa both west and south of Klondyke, suggests
that the area was near the north edge of the Bolsa
sea and that consequently only the transgressive and
regressive sandy near-shore facies were deposited at
Klondyke.

No sedimentary rocks of Ordovician or Silurian
age were recognized in the quadrangle nor were any
fossils found in beds assigned to the Devonian Martin
Formation on the basis of lithology and stratigraphic
position. The Martin elsewhere in southeastern Ari-
zona is of Late Devonian age. In the Klondyke area
the formation rests disconformably on Bolsa Quartz-
ite. The lack of evidence of either deposition or
more than inconsequential erosion during the long
period extending from the Middle Cambrian to the
Late Devonian suggests that the area lay near sea
level during that period.

During the Late Devonian, marl, limestone, and
various clastic deposits of the Martin formation were
laid down in a shallow sea. The formation is some-
what thinner than in the Globe area to the north and
in the Little Dragoon Mountains to the south, but
whether this thinness is due to erosion or to non-
deposition is not known.

Elsewhere in southeastern Arizona, the Martin For-
mation does not include rocks of latest Devonian age,
nor does the succeeding Escabrosa Limestone include
beds of earliest Mississippian age, so that a hiatus
has been inferred between the two formations. No
evidence is available to either confirm or refute the
existence of such a hiatus in the Klondyke area.

The Escabrosa Limestone was deposited in Missis-
sippian time. This formation includes a few sandy
beds and layers of dolomite but is dominantly of lime-
stone, commonly crinoidal or oolitic. The age of the
Escabrosa at Klondyke is Early to early Late Mis-
sissippian.

No rocks of latest Mississippian or Early Pennsyl-
vanian age were found at Klondyke, and consequently
a hiatus probably exists between the Escabrosa and
the overlying Middle Pennsylvanian Horquilla Lime-
stone. No evidence of unconformity between the
Escabrosa and Horquilla was found, and consequently
it is deduced that the region lay near sea level during
the intervening period.

During the Middle Pennsylvanian, the area was
covered by a shallow sea and the Horquilla Limestone
was deposited. Most of this formation consists of
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carbonate rocks, but the basal limestone beds contain
considerable fine-grained clastic material, and higher
parts of the formation have a few beds of sandstone,
calcareous sandstone, or siltstone. Although no rec-
ord is preserved, it seems likely that rocks of Late
Pennsylvanian and Permian age were deposited in
the Klondyke region and subsequently have been com-
pletely removed by erosion.

At some time prior to the deposition of the Creta-
ceous Pinkard Formation, the Horquilla Limestone
of the Aravaipa area, and presumabl, older rocks as
well, were folded along axes that now trend about
east to northeast. Very little evidence of this period
of deformation is available, but folding seems to have
been of only slight to moderate intensity. This post-
Middle Pennsylvanian, pre-Late Cretaceous folding
was followed by a period of erosion represented by
the profound unconformity between the Horquilla
Limestone and the overlying Pinkard Formation. In
the Copper Creek region, rocks of the Pinkard(?)
Formation rest directly on a thin sequence of Esca-
brosa Limestone; the fact that a substantial thickness
of limestone of the Naco Group is present a few
miles to the northwest in the Holy Joe Peak quad-
rangle suggests that extensive erosion in the Copper
Creek area has removed not only all the Horquilla
Limestone (and younger Paleozoic(?) formations but
also several hundred feet of Escabrosa Limestone.
The Glory Hole Volcanics of the Copper Creek re-
gion and the Buford Canyon Formation conceivably
could have been deposited during this post-Paleozoic
and pre-Late Cretaceous interval, but evidence is not
available to date these rocks more closely than post-
Paleozoic.

In the early part of the Late Cretaceous, the Klon-
dyke area at least locally was covered by a sea in
which perhaps a thousand feet or more of clastic
rocks of the Pinkard Formation was deposited. So
little of this formation is now preserved in the quad-
rangle that no idea can be gained about the extent of
this sea; it is known to have covered a large area to
the northeast, north, and northwest of the quadrangle,
but its extent southeast of a line between Aravaipa
and Copper Creek is not known. Some evidence was
presented in the section on post-Paleozoic-pre-Creta-
ceous deformation that the surface on which the beds
of the Pinkard were deposited was one of consider-
able relief.

The Pinkard Formation is the youngest paleonto-
logically dated formation of the quadrangle; conse-
quently, the subsequent geological history of the
region depends entirely on interpretation of the se-
quence of events. The difficulty of correlating post-
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Pinkard rocks of the Santa Teresa and Turnbull
Mountains with those of the Galiuro Mountains was
noted in an earlier section, and this difficulty is of
course none the less apparent when one attempts to
correlate the geological histories of the two regions.
Although the sequence of post-Pinkard events is
fairly clear in both regions, the correlation of these
sequences is extremely tenuous.

The time of extrusion of the Glory Hole Volcanics
of the Copper Creek area is uncertain; their tentative
assignment as Mesozoic and Cenozoic is based pri-
marily on the fact that they are appreciably older
than but apparently conformable with the Galiuro
Volcanies, which are believed to be of middle Tertiary
age.

The conglomerate and andesitic or basaltic volcanic
rocks of the Buford Canyon Formation share this
uncertainty of age with the Glory Hole Volcanics.
Within the Klondyke quadrangle, no evidence was
found that would permit dating of the Buford Can-
yon rocks more closely than Mesozoic or Cenozoic,
more likely Mesozoic.

In the Santa Teresa-Turnbull Mountains region,
deposition of the Pinkard Formation was succeeded
by that of the Williamson Canyon Volcanics, domi-
nantly andesitic pyroclastic rocks, which accumulated
to a thickness of probably as much as 2,500-3,000 feet.

In very Late Cretaceous or early Tertiary time, the
Williamson Canyon Volcanics and Pinkard Forma-
tion were folded along axes that now trend east to
east-southeast, and then were deeply eroded. Almost
nothing is known about this deformation. The origi-
nal areal extent of the Williamson Canyon Volcanics
is unknown; if they formerly were present south of
Horse Mountain, they were completely removed by
erosion during this period, inasmuch as over a sizable
area between Aravaipa and Tule Spring the next
succeeding formation rests directly on Paleozoic and
Precambrian rocks.

In latest Cretaceous or early Tertiary time, several
thousand feet of Horse Mountain Volcanics were ex-
truded upon a surface carved across rocks ranging in
age from Precambrian to Cretaceous. These vol-
canics are now preserved mainly along the southwest
flank of the Santa Teresa and Turnbull Mountains,
but outliers both to west and east indicate that their
former areal extent must have been much greater.

Tilting and folding of the Horse Mountain Vol-
canics, as recorded mainly by the steep dips of the
basal conglomerate of the formation northeast of
Horse Ridge, is inferred to have taken place prior
to the emplacement of the Santa Teresa Granite and
Goodwin Canyon Quartz Monzonite, inasmuch as
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dikes which cut the volcanics and are believed to be
comagmatic with these plutonic igneous rocks have a
generally uniform strike and dip regardless of the
attitude of their wallrocks. However, no unequivocal
evidence of age relations between Horse Mountain
Volcanics and Santa Teresa Granite has been found.

During very Late(?) Cretaceous or early Tertiary
time, the Copper Creek Granodiorite was emplaced
in the Copper Creek basin. The Copper Creek pluton
may be approximately contemporaneous with the
Santa Teresa Granite—Goodwin Canyon Quartz
Monzonite plutons, although the absolute age data
suggest that it may be a little older. There is no
direct evidence of their relative ages, and their re-
spective outcrop areas are more than 10 miles apart.
The emplacement of the Copper Creek Granodiorite
was accompanied by strong contact metamorphism of
the wallrocks now exposed along its west and north
sides. Carbonate rocks were converted to tactite, and
pyroclastic and volcanic rocks to hornfels.

Perhaps during the early Tertiary, large bodies of
silicic granitoid rock, the Santa Teresa Granite and
Goodwin Canyon Quartz Monzonite, were intruded
in the Santa Teresa and Turnbull Mountains.

Many of the faults at and northeast of Aravaipa
probably formed at about the same time as the Santa
Teresa Granite was intruded. Some faults were
earlier and have along them dikes probably con-
sanguineous with the granite; others, such as the
Waterfall Canyon and Grand Reef faults, are ap-
proximately contemporaneous with the granite, and
some faults may be later than the granite, although
evidence is lacking that more than a very few do
indeed postdate the granite. Emplacement of the
Santa Teresa Granite was accompanied by the intru-
sion of many silicic dikes; some, including most of
the dike swarm that cuts Laurel Canyon Granodiorite
between Laurel Canyon and Tule Spring, appear to
have been intruded before the granite had risen to
the present level, whereas a few are clearly offshoots
of the granite at the present level. The ore deposits
of the Aravaipa district also may have formed at
about this time, although admittedly there is very
little evidence linking them with the Santa Teresa
or Goodwin Canyon plutons, or with their associated
dikes, or indeed with any igneous rock at all.

Neither the Santa Teresa nor the Goodwin Canyon
plutons caused any extensive alteration of their wall-
rock except at the head of the Middle Fork of Good-
win Canyon, where a large mass of Horquilla (and
Escabrosa?) Limestone was converted to garnetite
along its contact with Goodwin Canyon Quartz Mon-
zonite. Small bodies of tactite not obviously related
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to contacts with igneous rocks presumably were
formed at the same time at several places around
Aravaipa, Landsman Camp, and Cobre Grande Moun-
tain.

If the Horse Mountain Volcanics are indeed older
than the Santa Teresa Granite, then, aside from a
few dark-colored dikes that intrude the granite, no
unequivocal record of subsequent plutonic igneous
activity or deposition of sedimentary or volcanic rock
other than alluvium is preserved in that part of the
Turnbull and Santa Teresa Mountains included in
the Klondyke quadrangle.

The age of the breccia pipes of Copper Creek and
their ore deposits is not known. These pipes cut
both Glory Hole Volcanics and Copper Creek Grano-
diorite, but none is found in the Galiuro Volcanics.
Several small veins of oxidized copper minerals are
enclosed in the lower andesite unit of the Galiuro
Volcanics, but whether these are related at all to the
breccia pipe deposits, or, if so, whether they represent
hypogene mineralization or are merely supergene
leaks from prevolcanic mineral deposits at depth, is
uncertain. The concentration of breccia pipes in or
near the granodiorite body suggests some obscure
structural or genetic relationship, and I favor the
interpretation that the pipes are older than the
Galiuro Volcanics.

After a period of erosion prolonged enough to per-
mit deroofing of a medium-grained granodiorite, what
is now the site of the Galiuro Mountains was covered
by extensive outpourings of andesitic to rhyolitic
lava, tuff, and welded tuff of the Galiuro Volcanics.
The surface on which these volcanic rocks were ex-
truded was initially one of considerable relief, but
these topographic irregularities were erased early in
the accumulation of the lower andesite unit of the
Galiuro Volcanics, and succeeding units, aggregating
several thousand of feet in thickness, were deposited
on what must have been nearly original depositional
surfaces of low relief.

Unless the Horse Mountain Volcanics can indeed
be correlated with the Galiuro Voleanics, no clear
record of this period of volecanism is preserved in the
Santa Teresa or Turnbull Mountains. However, a
dike of “turkey-track” andesite intruding Santa
Teresa Granite in the W14 sec. 2, T. 6 S., R. 20 E,,
may have been a feeder for a similar lava flow now
completely eroded away; if the Horse Mountain Vol-
canics antedate the granite, then this lava might have
been part of the Galiuro Mountains volcanic pile. It
seems at least possible, therefore, that the Galiuro
Volcanics once extended far east of their present
outcrop area.
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The basal lower andesite unit of the Galiuro Vol-
canics is cut by several dikes, some of “turkey-track”
andesite that almost surely were feeders for similar
lava flows at the top of the unit and some of more
silicic rock that may have fed silicic tuffs higher in the
section. No dikes were found in the Galiuro Volcanics
above the lower andesite unit.

Following extrusion of the Galiuro Volcanics, a
wide and apparently steep-sided valley, trending
about north-northwest and eventually to become the
site of deposition of the Hell Hole Conglomerate, was
formed. This valley must have been approximately
along the present course of Aravaipa Valley as far
north as Stowe Gulch, from which place it continued
north-northwest, perhaps about along the line of
hills of voleanic rock northeast of Aravaipa Canyon.
The direction of slope of the valley is not known.
Steep slopes on the Galiuro Volcanics beneath the
Hell Hole Conglomerate south of Aravaipa Canyon
suggest that the west wall of the valley was a fault
scarp. No trace of this scarp could be recognized
more than a mile or so north of Aravaipa Canyon,
and indeed the rhyolite-obsidian and upper andesite
units of the Galiuro Voleanies extend uninterruptedly
eastward across any simple northerly extension.
Little evidence is available on the nature of the bed-
rock surface along the east side of the valley, but
that at hand does not strongly suggest that the sur-
face was a fault scarp.

The period of valley formation was followed by
one of aggradation during which the thick fluvial
deposits of the Hell Hole Conglomerate were laid
down by streams debouching from what, to judge by
the coarseness of the debris, must have been fairly
high mountains on both sides of the valley. The
bulk of the Hell Hole debris was derived from vol-
canic rocks similar to those now exposed in the
Galiuro Mountains. Most of the Hell Hole believed
to have been deposited along the southwest flank of
the Santa Teresa—Turnbull Mountain mass is now
buried by alluvium, so that it is not accessible to
provide evidence as to whether the Galiuro Volcanics
did indeed once cover part or all of those mountains.
Along lower Fourmile Creek southwest of Klondyke,
some of the fragments in the Hell Hole Conglomerate
are of rock types exposed at present only in the Santa
Teresa Mountains, indicating that in these mountains
the cover of Galiuro Volcanics, if it ever existed, was
more or less completely stripped during the accumu-
lation of the Hell Hole.

The principal structural features involving the
Hell Hole Conglomerate trend north northwest and
may have developed approximately contemporane-
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ously during the late Tertiary. They include the
buried fault along the east side of the hills of vol-
canic rock northeast of Aravaipa Canyon, the asym-
metrical anticline along and north of Aravaipa Can-
yon, a few broad folds, and several faults along the
contact between the conglomerate and Galiuro Vol-
canices.

As a result of faulting, a valley bordered along its
west side by hills of Horse Mountain Volcanics and
by an east-facing fault scarp appears to have devel-
oped along the west side of the Turnbull Mountains.
This valley was then filled with older alluvium de-
rived from the Turnbull and Santa Teresa Mountains,
in part perhaps concomitantly with faulting but prob-
ably in large part after faulting had ceased. North
of the northernmost voleanic hill, the relation be-
tween Hell Hole Conglomerate and older alluvium is
obscure, and the two formations are so similar litho-
logically that the location of the contact between them
is very uncertain. There is no evidence that the fault
bordering this hypothetical valley continues very far
southward from Stowe Gulch, and indeed the relation
between Hell Hole Conglomerate and older alluviam
along Aravaipa Valley between Stowe Gulch and
Klondyke is not clear. Southeast of Klondyke the
older alluvium appears to have been deposited along
a broad valley approximately coincident with the
present Aravaipa Valley. The contact between bed-
rock and older alluvium along the southwest flank
of the Santa Teresa-Turnbull Mountains block is ir-
regular, and many salients of bedrock extend south-
westward along present-day valleys, beneath the
alluvium. Dips of the contact indicate that the
prealluvium terrain was one of considerable relief,
locally sloping -as much as 1,000 feet per mile.

At the end of the period of deposition of older
alluvium, a belt 7-8 miles wide extending from the
southeast corner of the quadrangle north-northwest-
ward to Lone Cedar Mesa and beyond may have been
a nearly featureless alluvium-floored broad valley,
resembling that of the present but having less relief
and perhaps no external drainage. If a through-
flowing ancestral Aravaipa Creek existed, it probably
did not occupy a course parallel to that of the present
creek but rather one of more northerly course, leav-
ing or entering the quadrangle somewhere around
Lone Cedar Mesa rather than following the anoma-
lous course across the Galiuro Mountains.

Deposition of older alluvium was followed by re-
newed erosion and downcutting by Aravaipa Creek
and its tributaries. The most striking result of this
erosion cycle has been the cutting of Aravaipa Can-
yon and its equally impressive tributaries, Parsons
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and Oak Grove Canyons. For more than 2 miles
before it leaves the quadrangle, Aravaipa Canyon is
flanked by extremely precipitous, locally vertical walls
about 700 feet high carved in Hell Hole Conglomer-
ate and Galiuro Volcanics. Qak Grove Canyon at-
tains a maximum depth of about 750 feet, and Parsons
Canyon for several miles is bordered by nearly ver-
tical walls 300-500 feet high. During this period of
erosion, canyons as much as 600 feet deep were cut
in the older alluvium.

The present course of Aravaipa Creek from its con-
fluence with Stowe Gulch for 6 miles westward to the
quadrangle border clearly has no relation to the val-
leys or basins in which the Hell Hole Conglomerate
and older alluvium were deposited. For its most
westerly 2 miles however, the valley lies approximately
along a structural low in the Galiuro Volcanics. A
possible sequence of development, then, might be the
following; the reader should understand that' this
sequence is not based on broad regional studies but
merely on brief local observations and consequently
should be regarded as an hypothesis:

1. Deposition of older alluvium along a north-north-
west-trending valley or basin. The present site of
Aravaipa Valley was eventually a broad alluviated
area, perhaps not having external drainage. The
Galiuro Volcanics must have extended farther west
than at present, possibly covering what is now the
valley of the San Pedro River.

2. Beginning of uplift of the Galiuro Mountains
block, together with the alluviated valley, on a
Basin and Range fault along the west flank of the
range. Uplift at first was greater north and south
of the present Aravaipa Canyon than at the canyon
site, so that a broad east-trending synclinal warp
was formed, its trough approximtaely along Ara-
vaipa Canyon. If external drainage existed previ-
ously, downstream slopes of ancestral Aravaipa
Creek were reversed by the differential uplift; the
master stream may have been diverted westward
toward the synclinal trough, or a closed basin may
have formed temporarily east of the Galiuro Moun-
tains.

3. Erosion of Aravaipa Canyon initiated either by
overflow from a closed basin at the low point on
its west rim or by the diverted ancestral Aravaipa
Creek. At this stage the Aravaipa may have been
flowing at an altitude not greatly different from
its present altitude but a thousand feet or more
higher in the stratigraphic section. The major
tributaries of the Aravaipa probably came into
existence at this time as watercourses consequent
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upon land surfaces sloping toward Aravaipa Can-
yon.

4. Continued uplift of the Galiuro Mountains. Dur-
ing this uplift, Aravaipa Creek was able to main-
tain its westerly course—in other words, it was
antecedent to the later period of uplift—and cut
its present canyon. The fault-block origin of the
Galiuro Mountains and the antecedent nature of
the present course of Aravaipa Creek were sug-
gested long ago by Davis and Brooks (1930). The
southwest-sloping tributaries of the Aravaipa,
being, with the exception of Old Deer Creek, rather
short and having small catchment basins, have not
been able to keep pace with the downcutting of
Aravaipa Creek, and their junctions with the mas-
ter stream are strongly discordant. On the other
hand, the north-sloping tributaries are longer, have
larger catchment areas, and probably receive more
rainfall in their high headwaters, and consequently
now have accordant junctions with the Aravaipa.

Subsequent to this major period of downcutting the
Aravaipa above Stowe Gulch has widened its flood
plain to widths ranging from half a mile to nearly
a mile, and has cut steep bluffs as much as 250 feet
high in older alluvium and Hell Hole Conglomerate.
At present the creek flows on its own alluvial deposits.

Farther south, beyond the limits of the Klondyke
quadrangle, the Aravaipa is eroding headward into
the broad alluviated pass between Aravaipa Valley
and Willcox Playa (Meinzer and Kelton, 1913) and
seems destined eventually to capture and provide ex-
terior drainage for the entire playa area.

At some time during this period of flood-plain
formation, Aravaipa Valley must have been blocked
temporarily near the mouth of Stowe Gulch, and a
lake several miles long was formed. This lake ex-
isted long enough for a thickness of 100 feet or more
of sediments to be deposited in it; most of these sedi-
ments have since been flushed out, but a few small
remnants are preserved in Stowe Gulch and along
Aravaipa Valley between Stowe Gulch and Klondyke.

MINERAL DEPOSITS

The mineral deposits of the Klondyke area embrace
various types, including veins in many kinds of wall-
rock, replacement deposits in Paleozoic carbonate
rocks, and breccia pipes in metavolcanic and plutonic
igneous rocks. Only two or perhaps three of the
deposits found to date (Head Center, Childs-Ald-
winkle, perhaps the Grand Reef) have yielded more
than a million dollars worth of ore, and of these
only the Head Center has an output of substantially
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more than a million dollars. Metals mined have been
principally lead, zinc, copper, molybdenum, and
silver.

The deposits may be divided conveniently on a
geographic basis into four groups: Aravaipa, Grand
Reef, Table Mountain-Fourmile Creek, and Copper
Creek. None of the principal mines of the Aravaipa
region was accessible during the period of this study.
A few mines along the Grand Reef fault were open
but many of the workings of the only large mine, the
Grand Reef mine itself, were flooded or otherwise
inaccessible. Underground workings of the only mine
of any appreciable size in the Table Mountain-Four-
mile Creek area, the Table Mountain mine, were
largely inaccessible, and those that were open, to-
gether with the surficial exploratory workings, did
not provide much information on the nature of the
deposit. An appreciable proportion of the under-
ground workings of mines in the Copper Creek dis-
trict is still accessible, but most of the Childs-Ald-
winkle, Glory Hole, and American Eagle mines and
the lower stopes of the Copper Prince mine were not.
Consequently, only very brief summaries of the
geology of the vein and replacement deposits of the
Aravaipa, Grand Reef, and Table Mountain-Four-
mile Creek deposits will be given in this section. The
breccia-pipe deposits of Copper Creek will be dis-
cussed in somewhat greater detail. Inasmuch as the
ore deposits of the various areas have little in com-
mon, most of the descriptive material will be rele-
gated to the succeeding section on individual mines
and prospects.

A list of minerals reported from the ore deposits
of the Klondyke area precedes the discussion of the
deposits themselves in order to avoid duplication.

MINERALOGY

Ore and gangue minerals of the Klondyke region
are listed below in alphabetical order; minerals pre-
viously reported but not found during the present
study are referred to footnotes. The principal min-
erals of the Aravaipa-Grand Reef, Table Mountain,
and Copper Creek areas are tabulated following the
alphabetical listing. Brief descriptions of individual
minerals, the metallic or ore minerals grouped by
principal metal contained, and the nonmetallic gangue
minerals in alphabetical order conclude the section.

Mineral Chemical formula
Anglesite_ - ... ___ PbSO,

Apatite 1___________ CasF(PO,y);
Argentite. .. _______ Ag.S

Atacamite 2________ Cu,;CI(OH);
Austinite 3_________ CaZnOH AsO,
Azurite_. .. ______ 2CuCO;- Cu(OH),
Barite_____________ BaSO,
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Mineral Chemical formula
Bornite_. - _____._ CusFeS,
Brochantite 4-______ Cu.(OH) S0,
Bromyrite 5________ AgBr
Calcite. - __ CaCO;
Cerargyrite 5 ¢______ AgCl
Cerussite. - - - ___ PbCO;
Chalcanthite. . ... CuS0,-5H,0
Chalcocite- - .- - .--- Cu:S
Chalcopyrite_______ CuFeS;
Chlorite. -~ - -.-___ (Mg, Fe, Al)s(OH)s(8Si, Al).Oy,
Chrysocolla________ CuSiO;-2H,0
Conichalcite 3_ _____ CaCuOH AsO,
Copper 46 ____.___. Cu
Cosalite 7. ________ Pb,Bi;S;s
Covellite_.. .. ___ CuS
Cuprite 1. _________ Cu,;0
Descloizite ________ PbZnOH (VO,)
Dioptase ___________ CuaSian- 6H 20
Enargite '._____.__.__ CuszAsS,
Epidote__ . ._____.__ Caz(Al, Fe)3(SiO,);(OH)
Ferrimolybdite '____. Fe,(MoO,);- 8H,0?
Fluorite. . - - - ____ CaF';
Galena._ ... PbS
Garnet_ - - _____ Cas(Al, Fe)1(SiO4) s
Golds. ____________ Au
Gypsum '._____.____ CaS0,- 2H,0
Hematite_ .. ______ Feq0;
Jarosite.. ... ___ KFe;(S80,):(0H),
Johannsenite_______ CaMnSi;Oq
Limonite._ ... ... Hydrous iron oxide
Linarite ®._________ PbCu(OH),S0,
Magnetite 5________ Fe;0,
Malachite.-- ... __ CuCO;- Cu(OH),
Manganese oxides__.
Mimetite 4. .. ..___. Pb;Cl(AsOy);
Molybdenite. - _____ MoS;
Olivenite 4. . _______ CuzAsO,(OH)
Orthoclase '________ KAISi;O,
Planchéite 3. .. ____ 3CuSiO;-H ;0
Plumbojarosite_ . __ PbFes(S04)4(OH) 12
Py'l'lte _____________ F682
Quartz.._ . .__.____ SiO.
Scheelite 2. ___.__ CaWwO,
Sericite. - - .. __.__ K,AL,(OH),(8i, Al)sO2z
Silver56___________ Ag
Smithsonite 8_______ ZnCO;
Sphalerite ... _____ ZnS
Stromeyerite ¢ _____ CuAgS
Tenorite_ ... ______ CuO
Tetrahedrite-

Tennantite__.____ (Cu, Fe, Zn, Ag)1:(Sb, As)S:;
Tourmaline.. .. ___. Complex borosilicate of Al, Na,

Li, Mg, Fe, Mn, Ca

Vanadinite___.__.___ Pbscl (VO4) 3
Wlllemite 3 ioo- Zn2SiO4
Wolframite 2 ______ (Fe, Mn) WO,
Wulfenite._ ... PbMoO,

1 Kuhn (1941).

2 Weed (1913).

3 Bideaux and others (1960).

4 Galbraith (1961), Galbraith and Brennan (1959).
5 Ross (1925a).

¢ Kuhn (1951).

7 Galbraith and Brennan (1959).

8 Denton (1947b).
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Principal minerals of the Aravaipa-Grand Reef, Table Mountain,
and Copper Creek areas

Aravaipa-Grand Reef area Table Mountain mine
Anglesite Barite
Azurite Chrysocolla
Calcite Quartz
Cerussite Vanadinite
Chalcopyrite
Chrysoeolla Copper Creek area
Epidote Bornite
Fluorite Chaleanthite
Galena Chalcopyrite
Garnet Chlorite
Hematite Galena
Malachite Molybdenite
Pyrite Pyrite
Quartz Quartz
Sphalerite Sericite
Whulfenite Tourmaline

COPPER MINERALS

Atacamite—Weed (1913) reported atacamite from the
Copper Reef prospect (location unknown, but appar-
ently not the Copper Reef mine of the Stanley district
(Ross, 1925a, p. 111-112)). The mineral also is re-
ported by Galbraith and Brennan (1959, p. 45) to be
found with olivenite on the main level of the Old Re-
liable mine in the Copper Creek district.

Azurite—In the Aravaipa and Copper Creek dis-
tricts azurite is a widespread but scarce supergene
mineral. It appears to be much less abundant than
chrysocolla or malachite

Bornite.—Bornite was recognized only at the Childs-
Alwinkle mine, Copper Creek. According to Kuhn
(1941, p. 532), it was the principal copper mineral in
this mine at a depth of 800 feet.

Brochantite—Galbraith and Brennan (1959, p. 63)
listed brochantite as being found in the Copper Creek
district.

Chalcanthite—Hydrous copper sulfate, chalcanthite,
is very abundant on walls of underground workings of
the Copper Prince, Glory Hole, and Old Reliable mines
in the Copper Creek region.

Chalcocite—Although it is widespread, chalcocite is
not an abundant supergene mineral in the Aravaipa and
Copper Creek districts. It commonly forms thin films
on pyrite.

Chalcopyrite—Chalcopyrite is the most abundant
hypogene copper mineral in both the Aravaipa and the
Copper Creek districts and is the only one in most de-
pesits.  The largest body of chalcopyrite found to date
is that of the Copper Prince mine at Copper Creek; it
yielded several thousand tons of nearly pure chalcopy-
rite (Joralemon, 1952, p. 254).

Chrysocolla.—The hydrous copper silicate chryso-
colla is the only abundant copper minera] at the Table
Mountain mine and in the small veins of the Table
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Mountain-Fourmile Creek region. It also is present in
small amounts in most, if not all, of the copper deposits
in the Aravaipa and Copper Creek districts and is by
far the most plentiful supergene copper mineral.

Conichalcite.—The rare basic copper-calcium arse-
nate conichalcite was identified at the Table Mountain
mine by Bideaux and others (1960, p. 54). It occurs
in vugs with malachite, planchéite, and willemite.

Copper.—Native copper is reported by Galbraith
and Brennan (1959, p. 4) as twisted and wirelike masses
in oxidized ore of the Copper Prince mine in the Copper
Creek district. Small amounts also were identified by
Kuhn at the Childs-Aldwinkle mine in the same district
(Kuhn, 1938, p. 129).

Covellite.—Covellite is a scarce supergene mineral
coating pyrite at several deposits in the Aravaipa and
Copper Creek districts.

Cuprite.—Cuprous oxide, cuprite, was recognized by
Kuhn (1941, p. 534) at the Childs-Aldwinkle mine,
Copper Creek district and by Ross (1925a, p. 101) at
prospects northeast of Landsman Camp.

Dioptase.—The rare and very beautiful hydrous cop-
per silicate dioptase is fairly common in ore from the
Table Mountain mine. The dumps of this mine are
said formerly to have yielded excellent specimens, but
they have been so thoroughly picked over by mineral
collectors that sizable crystals are difficult to obtain.
The mineral occurs in vugs in jasperoid of the Esca-
brosa Limestone.

Enargite.—Small amounts of enargite are associated
with tennantite in the Childs-Aldwinkle breccia pipe in
the Copper Creek district (Kuhn, 1941, p. 533).

Linarite—See ‘‘Lead minerals,” page 122.

Malachite—In the copper deposits of the Klondyke
region, malachite is a ubiquitous but rather scarce
supergene mineral. It appears to be more abundant
than azurite and much less abundant than chrysocolla.

Olivenite.—The basic copper arsenate olivenite is
reported by Galbraith and Brennan (1959, p. 72) to
be associated with atacamite on the main level of the
Old Reliable mine in the Copper Creek district.

Planchéite.—The rare hydrous copper silicate
planchéite is found in vugs in ore from the Table
Mountain mine; it is associated with conichalcite,
malachite, and willemite (Bideaux and others, 1960,
p. 54).

Stromeyerite—See ‘‘Silver minerals,” page 123.

Tenorite.—Copper pitch ore, tenorite, is a wide-
spread minor component of oxidized copper ore in the
Aravaipa district.

Tetrahedrite-tennantite.—Minerals of the tetrahedrite-
tennantite series have been reported from a few ore
deposits in the Klondyke region. Kuhn (1941, p.
532-533) said that tennantite was an important ore
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mineral below a depth of 700 feet in the Childs-
Aldwinkle mine, Copper Creek district. He also
reported tennantite from the Bluebird mine in the
same district (Kuhn, 1951, p. 65). Galbraith and
Brennan (1959, p. 24) report tetrahedrite from the
Grand Reef mine in the Aravaipa district. During
the present study the mineral was recognized only in
ore from the Bluebird mine, in which it is intimately
associated with galena.

GOLD MINERALS

Gold.—Native gold is said by Ross (1925a, p. 71-72)
to have been reported from quartz veins in the Santa
Teresa Mountains. Several thousand ounces of gold
has been produced from the Head Center mine in the
Aravaipa district, but the nature of the occurrence
of gold is not known. The Childs-Aldwinkle copper-
molybdenum deposit also yielded several hundred
ounces of gold.

IRON MINERALS

Hematite.—Specular hematite is a very abundant
gangue mineral in vein deposits of the Grand Reef
region. It is a major component of the Grand Reef
and its branches, the Tule Canyon breccia reef, the
Waterfall Canyon reef, and the Copper Bar-Sam Jones
reef. It also is abundant at the Lead King and Cobre
Grande mines and in the prospects northeast of
Landsman Camp. According to Ross (1925a, p.
66—67), specularite replaces magnetite at the Landsman
Camp prospects, whereas at the Cobre Grande mine,
magnetite forms pseudomorphs after specularite.

Jarosite.—The hydrous iron-potassium sulfate
jarosite is a minor oxidation product of pyrite at the
Glory Hole and Old Reliable mines in the Copper
Creek region, and probably at several other mines
and prospects.

Limonite—Hydrated iron oxide, limonite, is a
common product of the oxidation of pyrite throughout
the Klondyke region.

Magnetite.—Ross (1925a, p. 66—67, 103) reported
magnetite to be a major component of the contact-
metamorphic deposits of the Landsman Camp area and
the Cobre Grande mine. Magnetite is replaced by
specularite in the Landsman Camp area and replaces
specularite at the Cobre Grande mine.

Pyrite.—Although pyrite is present in every sulfide
ore assemblage seen in the Klondyke region, in general
it is not abundant. The largest amounts of pyrite are
in the breccia pipes and altered volcanic rocks of the
Copper Creek area. Pyrite also is disseminated locally
in Copper Creek Granodiorite.
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LEAD MINERALS

Anglesite—The lead sulfate anglesite is a common
supergene mineral in several deposits of the Aravaipa
district. It also is reported from the Bluebird mine
in the Copper Creek district.

Cerussite.—Lead carbonate is, after anglesite, the
most widespread supergene lead mineral in the Ara-
vaipa and Copper Creek districts. It is said to have
been very abundant at the No. 1 mine in the Ara-
vaipa district.

Cosalite.—The lead-bismuth sulfide, cosalite, is re-
ported by Galbraith and Brennan (1959, p. 26) to
have been found at the Landsman claim, Aravaipa
district, with calcite and diopside.

Descloizite—The rare hydrous lead-zinc vanadate,
descloizite, was identified by Kuhn (1951, p. 65) in
ore from the Bluebird mine, Copper Creek.

Galena.—The only hypogene lead mineral recognized
in the Aravaipa and Copper Creek districts is galena.
It is the principal ore mineral in most mines of the
Aravaipa district and in the Bluebird mine in the
Copper Creek district. Traces of galena have been
found in ore from the Childs-Aldwinkle breccia pipe
in the Copper Creek district (Kuhn, 1941, p. 534).
Ross (1925a, p. 63) reported that much of the galena
from the Grand Reef and other mines contains micro-
scopic blebs of argentite, and he surmises that most
of the galena of the Aravaipa and Stanley districts
is argentite-bearing. Galena commonly is associated
with sphalerite, but only at the Iron Cap and Lead
King mines (and probably in sulfide ore of the Head
Center mine) are the two minerals present in com-
parable amounts; elsewhere sphalerite seems to be
subordinate in amount to galena.

Linarite—The basic lead-copper sulfate, linarite,
was reported by Ross (1925a, p. 88) from the Ten-
strike group of prospects in the Aravaipa district.

Mimetite—The lead chloroarsenate, mimetite, was
reported by Galbraith (1941) from the Table Mountain
mine, where it is associated with quartz, vanadinite,
and wulfenite.

Plumbojarosite.—The mineral plumbojarosite forms a
small proportion of the oxidized ore from the Dogwater
mine in the Aravaipa district and was identified tenta-
tively in ore from the Silver Coin mine in the same
district.

Vanadinite.—ILead chlorovanadate, vanadinite, is
reported to have been abundant in one of the now
inaccessible underground workings of the Table Moun-
tain mine. It was found in dump material as small
yellow to orange crystals interstitial to rudely crusti-
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Creek region, except part of the Table Mountain de-
posit, are veins, but none has yielded much ore. In
the Copper Creek area the only productive vein has
been the Bluebird.

The veins of the Aravaipa and Grand Reef regions
are: (1) quartz-sulfide bodies along low-dipping
faults that commonly have limestone in one or both
walls (Grand Central, Head Center, Iron Cap, Sinn
Fein); (2) quartz-specularite-fluorite-sulfide deposits
along steeply dipping breccia reefs (Copper Bar,
Dogwater, Grand Reef, Tenstrike, Windsor); and
(8) narrow quartz-sulfide fissure fillings along faults
or brecciated fault zones in volcanic rocks (Abe
Reed, Arizona, Fairview, Laclede, Last Chance, Ore-
jana, Princess Pat) or less commonly in other igneous
rocks (Silver Coin).

The principal hypogene sulfide minerals are galena,
sphalerite, chalcopyrite, and pyrite. Galena and
sphalerite are abundant locally; pyrite is scarce and
chalcopyrite appears to be present only in traces in
most deposits. Quartz, together with amethystine
quartz and chalcedony, is by far the most abundant
hypogene vein mineral, and constitutes 99 percent or
more of many of the veins. Fluorite and specularite
are the only other common hypogene minerals; they
are particularly abundant in the Grand Reef fault
breccias (p. 108) and in the specularite breccia reefs
(p- 110). Calcite was reported by Ross (1925a, p.
70-71) from veins in the Stanley district to the north
and from the Princess Pat mine, but in general is
very scarce. Barite also was reported by Ross (p.
71) from veins near Stanley Butte, but was not
recognized except in small amounts in a barren
breccia along the Grand Reef southeast of Imperial
Mountain.

Many of the Aravaipa deposits are oxidized, some
to a depth of several hundred feet, and in a few a
substantial part of the ore produced consisted of
supergene minerals. Anglesite appears to be the most
abundant supergene ore mineral, but cerussite is re-
ported from several deposits, and the No. 1 mine is
said to have produced large amounts of “sand car-
bonate” ore. Wulfenite is a widespread and locally
abundant mineral (Dogwater mine) whose supergene
origin is open to some question. Supergene minerals
of zinc were not seen, but smithsonite has been re-
ported from the upper levels of the Head Center
mine. Supergene copper minerals are found in
nearly every vein outcrop in the area but are never
abundant. Several supergene silver minerals have
been reported but none was recognized during the
present study.
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No study was made of wallrock alteration in the
Aravaipa and Grand Reef areas, but the principal
alteration clearly has been silicification, as noted long
ago by Ross (1925a, p. 62). However, along many
veins such as the Abe Reed, Fairview, Last Chance,
Orejana, and Windsor, wallrock appears to be virtu-
ally unaltered.

Vein structures are generally narrow, a few feet
thick or less, but attain widths of as much as 8 feet
in the Sinn Fein mine, 15 feet in the Head Center
and Iron Cap veins, 30 feet in the Arizona vein, and
150 feet in the Grand Reef mine. Although many of
the faults along which the veins were emplaced may
be traced for hundreds or even thousands of feet, the
veins themselves generally are much shorter, ordi-
narily occupying only a small fraction of the length
of the parent fracture.

The largest ore shoot in the region was probably
that of the Head Center mine, but its dimensions are
unknown. The main ore shoot of the Grand Reef
mine was about 120 feet long on the adit level, at
least 270 feet high, and 15-30 feet wide. In the new
Sinn Fein workings, the ore shoot was about 250 feet
wide, 150 feet long, and as much as 8 feet thick.
Most ore shoots seem to have been small, a few tens
of feet in length and height and a few feet wide;
explored parts of many veins have no ore shoots at
all.

Veins of the Table Mountain—Fourmile Creek area
consist of supergene copper minerals that fill short
and very narrow fissures along steeply-dipping faults
or fracture zones in the lower andesite unit of the
Galiuro Volcanics. The only abundant copper min-
eral is chrysocolla; malachite is widespread but com-
monly is present only in small amounts; azurite is
very scarce; and tenorite was identified tentatively
at only one prospect. Most veins have no gangue,
but a few contain traces of chalcedony, calcite, quartz,
or specularite. The vein structures are narrow, a few
feet at most and generally only a few inches thick,
and most are traceable for only a few tens of feet
along the strike; one fracture has been followed for
at least 250 feet. The veins themselves are ordinarily
only a few millimeters wide. None of them offers
any promise of appreciable production.

The Bluebird lead-silver vein in the Copper Creek
district is described, insofar as the nearly complete
lack of data will permit, on page 167. It apparently
was similar to the lead-silver veins of Aravaipa ex-
cept that it contained small amounts of tetrahedrite,
argentite, bornite, tourmaline, and chlorite.



126

Most of the veins of the Aravaipa and Grand Reef
regions strike northward, the preponderant strike di-
rection lying between north and N. 25° W., or roughly
parallel to the Grand Reef fault zone and the struc-
tural trend of the Turnbull and Santa Teresa Moun-
tains. Only a few veins, notably at the Grand Reef
mine (and the Grand Central mine also?) have been
productive. A second group, comprising the Head
Center-new Sinn Fein-Iron Cap veins and the Silver
Coin vein, strikes east to east-northeast; the former
vein system, along a fault dipping 30°—45° N. has
been the most productive in the district. Structural
and temporal relations between these two groups of
veins are unknown.

No obvious spatial relation between ore deposits
and intrusive igneous rocks, such as found in many
mining districts, can be demonstrated in the Ara-
vaipa-Grand Reef area. However, a possible genetic
relation has been postulated between the Santa Teresa
Granite and the Waterfall Canyon breccia reef (p.
111) ; this breccia, although almost unmineralized, re-
sembles the breccia along the Grand Reef fault, which
locally, as at the Grand Reef mine, is strongly min-
eralized; therefore it seems possible that ore forma-
tion is related somehow to emplacement of the Santa
Teresa Granite. A second indirect line of evidence
leads to a similar conclusion; all rock formations
peripheral to the Santa Teresa granite pluton and
as old or older than the Horse Mountain Volcanics
contain ore deposits, whereas the granite itself ap-
pears to be devoid of ore deposits. Wallrock of the
Head Center-Sinn Fein vein locally is a dacite or
quartz porphyry dike which predates vein formation.

Most of the small copper veins in voleanic rocks of
the Table Mountain—Fourmile Creek region strike be-
tween N. 60° W. and west, and all but a very few
strike within the range N. 60° W.-S. 75° W. All
veins dip steeply, mostly 80° or more. They have
almost the same trend as the set of eastward-trending
fractures that is widely developed in older rocks—
Glory Hole Voleanics and Copper Creek Granodiorite
—in the Copper Creek basin and whose origin could
not be surmised. The source of the supergene copper
.minerals making up the veins is unknown; the veins
may have formed at the same time, and their copper
may have come from the same source, as the Copper
Creek breccia-pipe deposits, but as noted on page 117
the veins may be younger than the pipes and their
copper merely a surficial expression of prevoleanic
deposits at depth.

REPLACEMENT DEPOSITS

A few mines and prospects in the Aravaipa area
have been opened on replacement deposits in lime-
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stone of Paleozoic age. The only productive deposit
has been the Iron Cap (in part). A little ore has
come from the Black Hole, Cobre Grande, and Lead
King mines, and possibly some of the ore from the
Ben Hur, Grand Central, and No. 1 mines was of
replacement origin. Unfortunately, the mines that
might have provided the most information on this
group of deposits, the Black Hole, Iron Cap, and
No. 1, were inaccessible during the present study; the
only accessible mines were the Lead King and part of
the Cobre Grande. Specimens of ore were found on
dumps of the Black Hole and Iron Cap mines.

Host rocks of the replacement deposits are either
Horquilla Limestone (Grand Central, Iron Cap, Lead
King) or Escabrosa Limestone (Ben Hur, Black
Hole, Cobre Grande, No. 1).

The only abundant ore minerals are sphalerite and
galena. Chalcopyrite and pyrite are scarce. Gangue
minerals, in addition to unreplaced calcite, include
garnet, epidote, johannsenite, specularite, and sparse
fluorite and quartz. Ross (1925a, p. 101-103) also
reports magnetite from the Cobre Grande mine and
the prospects northeast of Landsman Camp, and
chlorite from Cobre Grande mine. The most char-
acteristic mineral of the replacement deposits 1is
johannsenite (probably the “actinolite” of Ross,
1925a, p. 66); it was seen at all the known replace-
ment deposits except the Iron Cap and is very abun-
dant at the Black Hole, Cobre Grande, and No. 1
mines. Specimens from the Black Hole dump show
large botryoidal aggregates of radiating johannsenite
prisms and small amounts of galena, pale-green
sphalerite, and quartz concentrated around the sur-
faces of the botryoidal masses or in the irregular
spaces between the masses.

At the Lead King mine, Horquilla Limestone is
replaced by light-gray to white brecciated jasperoid
for a distance of 60 feet along the main level, and
also to a lesser extent along a branch working south
of the incline (fig. 34). Neither the shape of the
jasperoid mass nor that of the tactite bodies at this
mine is known, but at most places the contacts be-
tween altered and unaltered limestone are faults that
may have controlled replacement to some extent.

The relation of sulfide minerals to gangue could be
determined only at the Lead King mine, where sphal-
erite clearly veins and replaces silicate minerals of
the tactite and fills fractures and small open spaces
in the jasperoid:

None of the replacement deposits noted in the fore-
going summary seems to promise significant produc-
tion. The largest deposit is the northwestward-trend-
ing zone of copper-bearing tactite of the Cobre Grande



MINERAL DEPOSITS

area (p. 136), but the average copper content appears,
on the basis of field observation alone, to be very low.
The prospects north and northeast of Landsman
Camp are scattered over an area of altered limestone
more than a thousand feet across, but the copper con-
tent practically everywhere seems insignificant. No
other replacement deposits of appreciable size are
known.

None of the mineral deposits of the Grand Reef,
Table Mountain-Fourmile Creek, or Copper Creek
areas is of the replacement type, unless some of the
ore reported to have been found in now inaccessible
workings of the Table Mountain mine does indeed
replace Escabrosa Limestone.

Previous remarks on the origin of the Aravaipa
and Grand Reef veins apply also to the replacement
deposits. They are not typical contact metasomatic
deposits; aside from the ubiquitous silicic dikes, most
of which have caused little or no alteration of wall-
rocks, no large bodies of intrusive igneous rock are
exposed near any of them except Cobre Grande. The
mineralogy of barren and metallized tactites is similar
—in particular, both commonly contain johannsenite
—and every gradation exists between them, and simi-
larly most of the tactite bodies are not closely asso-
ciated with intrusive igneous rocks. The broad areal
association in the Aravaipa region of vein deposits,
replacement deposits, and tactite suggests a common
but at present undetermined source for their intro-
duced constituents.

BRECCIA PIPE DEPOSITS

The breccia-pipe group of ore deposits is restricted
to the Copper Creek area. Most of the productive
pipes are in the Klondyke quadrangle, but two, the
American Eagle and Magna, are in the Galiuro
Mountains quadrangle to the south. Several non-
productive pipes crop out in both the Galiuro Moun-
tains quadrangle and the Holy Joe Peak quadrangle
to the west. The Copper Creek pipes have been dis-
cussed ably by Weed (1913) and, more comprehen-
sively, by Kuhn (1938, 1941, 1951). Most of the
field observations and conclusions of these workers
were amply substantiated during the present study.

The total number of breccia pipes in the entire
Copper Creek and Sombrero Butte region is not
known, and probably no objective total could be de-
termined. Kuhn (1941, p. 517) mentions “100 to 125
pipes,” and shows about that number on his map.
Because of scale limitations, only pipes having a
diameter of several tens of feet or more appear on
plate 1; about 35 pipes are shown.

In view of the diversity of the pipes, detailed de-
scriptions of individual pipes will be deferred, and
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only the features common to most or all of them will
be stressed in the present section.

The breccia pipes in the Klondyke quadrangle are
confined to the Glory Hole Volcanics and Copper
Creek Granodiorite; a few, including the Copper
Giant and Old Reliable pipes, are on or near a con-
tact between these two formations.

Most of the breccia pipes are vertical or nearly
vertical circular or elliptical cylinders of breccia
whose vertical dimensions are many times greater
than the horizontal dimensions in all examples for
which data are available; a few pipes such as the
Copper Giant are more irregular in plan. The pipes
range in size from a few feet to perhaps 600 feet in
diameter and may have vertical extents of at least as
much as 850 feet. Some pipes have very prominent
rusty outcrops projecting well above the enclosing
rocks (figs. 50, 54), and outcrops of most others are
conspicuous and easily recognized, but a few have
little or no topographic expression.

The material of the pipes consists of angular to
somewhat rounded fragments ranging in size from
granules or pebbles to blocks many feet across. The
fragments invariably are of the same rocks as the
walls; most of the breccias are monolithologic, con-
sisting entirely of either volcanic rock or granodior-
ite, but some, such as the Copper Giant, are made up
of blocks of both rocks. The breccias are an unsorted
chaotic jumble of large and small fragments in which
are many voids which may or may not be partly
filled with cementing material—quartz, sericite, or
tourmaline. Pipes in granodiorite are made up of
roughly equidimensional blocks and appear to be
structureless, whereas those in volcanic rock com-
monly consist of somewhat platy fragments that have
broken along bedding or flow layering and impart a
rude gently dipping layering to the breccias (figs.
51, 54).

The degree of brecciation within the pipes is vari-
able; in some, especially those in volcanic rock, the
entire pipe is thoroughly broken up and the frag-
ments are relatively small, whereas others, for in-
stance the Copper Prince and Old Reliable pipes,
contain appreciable volumes of almost unbrecciated
rock within more completely fragmented material.
The American Eagle mine is on what might be con-
sidered an incipient breccia pipe; country rock is
fractured and altered, but the typical pipelike shape
seems to have formed only slightly, if at all.

A rock rather different in appearance from Copper
Creek Granodiorite is associated with several breccia
pipes, including the Old Reliable and several small
pipes northwest, north, and northeast of the old Cop-
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per Creek Post Office. The rock is a light-gray por-
phyry containing prominent phenocrysts of biotite
and probably is near biotite latite in composition.
Its field relations to the breccia pipes are not clear.
At the Old Reliable outcrop a small mass of porphyry
is entirely surrounded by breccia but no contacts are
exposed. Underground in the Old Reliable mine, the
porphyry is exposed near the portal of the upper
level and also north of the main breccia pipe; locally
the porphyry is itself brecciated but elsewhere it is
unfractured, suggesting that it may have been in-
truded during formation of the breccia. In two of
the pipes north of the Copper Creek Post Office, the
porphyry forms a screen as much as 10-15 feet thick
between breccia and granodiorite wall rock.

Microscopically, a specimen from the Old Reliable
mine consists of phenocrysts 1-4 mm across of partly
sericitized sodic plagioclase feldspar and abundant
grains 0.5-1 mm across of chloritized biotite set in a
fine-grained groundmass of sodic plagioclase micro-
lites, potassium feldspar, biotite, and sparse iron ore.
Quartz forms irregular patches that appear to be of
secondary origin. Plagioclase microlites are alined
to produce a well-defined flow structure.

Biotite-rich rocks are known from several places in
the Copper Creek region (p. 58); most appear to be
facies of the Copper Creek Granodiorite, but at one
place south of Copper Creek Post Office the grano-
diorite is intruded in a very irregular manner by
porphyritic biotite-rich rock. The biotite porphyry
associated with the breccia pipes does not seem to be
merely a facies of the granodiorite but has a texture
typical rather of hypabyssal rocks and may have
played a significant role in the origin of the pipes.
(See p. 130-131.)

Contacts between breccia pipes and wallrock are
remarkably sharp and for the most part are unmarked
by any sign of movement—slickensides, grooves, chat-
ter marks, gouge, and so forth. The east wall of the
main pipe of the Glory Hole mine is smooth, as if
some movement had taken place along it, and the
Copper Prince pipe is bounded by a system of peri-
pheral faults having local slickensides and gouge.

Wallrocks of the pipes may be virtually unfrac-
tured, or a narrow zone of fracturing much less in-
tense than that within the pipes and fading out away
from the pipes may intervene between pipe and un-
fractured wallrock; this zone is 10-15 feet wide in
several examples. At all the explored pipes, the
contact between pipe and wallrock could be placed
within narrow limits, generally less than a foot.
Natural exposures of these contacts are very scarce;
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the contacts usually are covered by debris from the
pipe itself.

Little information is available on internal struc-
tures of the pipes, such as faults or joints. Qutcrops
are so strongly weathered that such structures, if
present, are effectively concealed; underground, either
exploitation has been so complete that little or no
evidence is left, or exploration has been insufficient
to provide much evidence. The breccia of the Cop-
per Prince pipe is cut by several prominent east-
ward-trending faults and joints, and Kuhn (1941, p.
518-520) noted faults trending east, N. 10° W., N.
60° E., and N. 70° W. within the Childs-Aldwinkle
breecia pipe.

Breccia fragments have been altered to varying
degrees but the alteration, regardless of rock types
or intensity, has been very similar in every pipe. In
essence, alteration has tended toward reduction of all
rocks of the breccias to fine-grained aggregates of
quartz and sericite, both of which probably represent
additions of hypogene material to the pipes. The
south-central part of the pipe on the west summit of
the hill west of the Childs-Aldwinkle mine consists
of fragments of granodiorite converted almost en-
tirely to granular quartz. In some pipes, and in
some fragments of almost all pipes, this quartz-
sericite alteration has been complete, whereas in many
pipes the breccia fragments have only a rind of
altered rock enclosing comparatively fresh cores. In
addition to quartz and sericite, black tourmaline has
formed in breccia fragments in a few pipes. Other
minerals of the altered rocks, except of course the
sulfides, appear to be products of the alteration of
original minerals rather than to represent additions
of new material.

In several pipes, breccia fragments originally angu-
lar in shape appear to have been rounded as a result
of a combination of alteration and softening followed
by spalling off of the softened angular corners; this
process might be termed “hypogene exfoliation,” as
the results resemble those of exfoliation of outcrops
of massive granular rocks.

Woallrocks of some pipes are cut by narrow rust-
or copper-stained fractures. In granodiorite, these
fractures may have thin selvages of chloritized rock.

The results of alteration as revealed by the micro-
scope are monotonously similar from pipe to pipe.
Orthoclase feldspar is replaced by sericite or quartz,
in places vermicular, or both; plagioclase feldspar is
converted more or less completely to sericite in some
places having residual albite; and biotite is converted
partly or completely to chlorite, iron ore, and rutile.
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In the ore-bearing pipes, alteration of the breccia
fragments differs in no essential respect from that in
the barren pipes, except that in the Childs-Aldwinkle
breccia, highly altered rinds of the fragments may
contain disseminated chalcopyrite.

Similar quartz-sericite alteration has affected the
Glory Hole Voleanics over a sizable area that includes
most of the breccia pipes cutting that formation; this
alteration was described on page 40.

The only hypogene sulfide minerals recognized
were chalcopyrite, molybdenite, pyrite, and bornite.

Molybdenite was seen only at the Childs-Aldwinkle
mine but has been reported also from the Old Re-
liable and Copper Prince mines and from several
small pipes east and southeast of the Childs-Ald-
winkle mine (Kuhn, 1941, p. 529-530). At levels of
the Childs-Aldwinkle mine now accessible, molybden-
ite is restricted to interstices of the breccia, but Kuhn
says that it also replaces country rock and other
sulfide minerals.

Chalcopyrite was identified at the Childs-Ald-
winkle, Copper Prince, and Old Reliable mines and
in the pipe on the hill west of the Childs-Aldwinkle
mine. Most chalcopyrite is interstitial to breccia
fragments, but some is disseminated in outer altered
shells of fragments in the Childs-Aldwinkle mine,
and veins of chalcopyrite cut breccia in the Copper
Prince mine.

Pyrite is not abundant in most pipes but seems to
be widespread; many outcrops of breccia pipes are
speckled with small cavities lined with iron oxide or
jarosite that mark the former presence of pyrite.
Pyrite may fill interstices between breccia fragments,
or may form veinlets within fragments, or less com-
monly may be disseminated in the fragments. TLo-
cally, as in parts of the Copper Prince mine, appre-
ciable amounts of pyrite fill open spaces in breccia.
Pyrite is heavily disseminated through much of the
rock on the dump of the adit at the Superior pipe.
In the Glory Hole mine, stringers of pyrite cut wall-
rock near the pipes.

Bornite was seen only in the Childs-Aldwinkle
mine in very small amounts; Denton (1947a) also
reports bornite from the Old Reliable mine. Films
of chalcocite on pyrite were noted in the Copper
Prince and Old Reliable mines. Kuhn (1941, p.
533-534) reports tennantite, enargite, galena, and
sphalerite from the Childs-Aldwinkle mine; and Den-
ton (1947a) identified covellite and tetrahedrite from
the Old Reliable mine. Weed (1913) noted wolfra-
mite in the Copper Prince mine and in now inacces-
sible workings on the Copper Giant pipe. Hypogene
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orthoclase, biotite, and apatite were reported by Kuhn
from the lower levels of the Childs-Aldwinkle mine
but were not found during the present study.

The origin of breccia pipes and pipe-shaped ore
deposits is the subject of an extensive literature,
which I do not intend to review here. Nor is an
exhaustive discussion of the Copper Creek pipes
warranted in this report on the basis of the evidence
at hand. T propose simply to list some of the fea-
tures of the pipes that any theory of origin should
explain; this list will point toward several theories
that seem to apply equally cogently to the Copper
Creek pipes, and will indicate that a few others are
untenable. These features are listed in a very gen-
eral way in order of decreasing significance.

1. The breccia pipes are composed of the same rocks
as their walls; as far as I know, no exotic frag-
ments have been found in any pipe. Biotite latite
porphyry appears to have been intruded into or
along the contacts of several pipes.

2. Contacts between breccia and wallrock are very
sharp, commonly are irregular in detail, and for
the most part are not marked by any evidence of
movement. A few contacts are smooth, suggesting
at least some movement,.and a very few are clearly
faults marked by gouge and slickensides.

3. Breccia fragments appear to have been jostled
somewhat, but little evidence of more than minor
rotation was found. In some pipes in volcanic
rock, original layers have been disrupted with very
little differential movement among the resulting
fragments; in other pipes, platy fragments impart
a rude layering almost parallel to that of the wall
rock.

4. Most of the pipes are circular or elliptical in plan;
a few are more irregular.

5. Most of the pipes do not seem to have any clearly
defined structural controls, such as intersections of
fracture sets, and do not appear to be alined along
any particular trend or trends. A few pipes in the
northwestern part of the district are along strong
fractures marked by quartz-sericite alteration. Some
of the elliptical pipes are elongated northward or
north-northwestward, but the elongation is not promi-
nent. These observations agree with those of Weed
(1913) but differ substantially from those of Kuhn
(1941, p. 516, 518-525, 527), who believes that the
pipes are at intersections of various fracture systems
and in at least one place are alined along faults. Kuhn
postulated four principal groups of steeply-dip-
ping fractures within the Copper Creek district, the
fractures striking respectively east, N. 60° E., N. 70°
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W.,and N. 10° W. During the present study, a set of
fractures striking within 20° of east was recognized
throughout the district and is particularly well dis-
played in the southwestern part, but no other well-
developed pattern emerged. The Bluebird vein is
along a fracture striking N. 55° E., and a small vein
half a mile south-southeast of the Bluebird mine
strikes N. 50° E., but fractures of this general orien-
tation do not seem to be abundant.

6. Wallrocks are practically unbrecciated and unaltered.
Around a few pipes, a narrow zone of mild fracturing
lies between breccia and unfractured rock, and wall-
rock near a few pipes is cut by sparse fractures along
which the rock has been altered and (or) pyrite de-
posited.

7. Breccia fragments are unsorted, ranging in size from
granules to blocks many feet across and in shape from
angular to rounded.

8. Most of the ore minerals are interstitial to breccia
fragments, and only minor amounts of chalcopyrite
are disseminated in the altered rinds of fragments.
No shells of sulfide minerals like those described from
the Bull Domingo and Bassick pipes (S. F. Emmons,
1896, p. 430-447) have been reported at Copper Creek.

9. In several pipes, angular fragments have rounded
cores of relatively fresh rock rimmed by altered rock;
some and perhaps all the rounded fragments appear
to have originated by spalling off of the altered shells.

10. The Copper Creek pipes are scattered over an area
perhaps 5 miles long in a north-northwesterly direc-
tion and about 2 miles wide. The productive pipes,
however, with the exception of the Magna pipe 2
miles south of Copper Creek, are concentrated in an
area slightly more than a mile across and centered
between the Copper Prince and Childs-Aldwinkle
mines. The total number of pipes probably exceeds
200.

Breccia pipes resembling in many respects those of
Copper Creek have been described from various places.
Some of these pipes are the Bull Domingo pipe at Silver
Cliff southwest of Cafion City, Colo. (S. F. Emmons,
1896, p. 439-447; Spurr, 1923, p. 865-871), The Patch
at the San Juan mine in the Ceuntral City district, Colo-
rado (Bastin and Hill, 1917, p. 234-237; Spurr, 1923,
p. 876-885; Walker, 1928, p. 977-978; Lovering and
Goddard, 1950, p. 171, 181-183), the Cactus and O. K.
chimneys in the San Francisco region, Utah (Butler,
1913, p. 172-178, 190; Butler and others, 1920, p. 516-
518; Spurr, 1923, p. 872-875), the Black Mesa pipe
northwest of Bagdad (Anderson and others, 1955, p.
40), and the Duluth pipe at Cananea, Mexico (Perry,
1961, p. 367-368). Ore deposits similar to the Ameri-
can Eagle, in what might be termed “incipient pipes,”
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inclyde the Jessie stockwork or pipe at Breckenridge,
Colo. (Ransome, 1911, p. 144-147; Spurr, 1923, p. 887-
888), the Alice stockwork in the Alice-Yankee Hill dis-
trict 7 miles west-southwest of Central City, Colo.
(Bastin and Hill, 1917, p. 323-325 ; Spurr, 1923, p. 885~
888; Lovering and Goddard, 1950, p. 164-165) and the
South Ibex stockwork at Leadville, Colo. (S. F. Em-
mouns and others, 1927, p. 301-302). Various origins
have been proposed, including brecciation at intersec-
tions of fractures (S. F. Emmons, Bastin and Hill),
local intimate fissuring (Ransome, 1911), brecciation by
shrinkage upon cooling of an igneous body followed by
solvent action of ascending solutions (Butler, Butler
and others), upward boring of a column of igneous
fluids (Spurr), mineralization stoping (Locke, 1926),
volcanic explosious with or without addition of volcanic
rock (Walker; W. H. Emmons, 1938), upward punch-
ing of an igneous plug along preexisting zones of weak-
ness (Lovering and Goddard), a combination of upward
streaming of magmatic emanations through broken
rock, accompanied or followed by upward thrusting of
an underlying intrusive body (Burbank, 1941, p. 177-
178; Anderson and others), and subsidence caused by
withdrawal of magma from below (Perry, p. 368-370).

The origin of the Copper Creek pipes has been dis-
cussed briefly by Weed (1913) and at some length by
Kuhn (1941, p. 525-528), who concludes that the brec-
cias were formed at intersections of various fracture
systems along which solutions rose, altered the brecci-
ated rock, and deposited hypogene ore and gangue min-
erals; in some pipes these fluids dissolved some rock to
produce open or incompletely cemented breccia, and in
some pipes postmineral slumping has taken place.

An eclectic theory that would attempt to explain most
of the features listed above might be somewhat as fol-
lows. Emplacement of the Copper Creek granodiorite
pluton was followed by cooling of granodiorite and
wallrocks sufficient to permit a pervasive system of con-
traction fractures to develop at and below the present
level of observation. An elongate pluton, perhaps a
biotite-rich facies of the granodiorite, was theun intruded
into the granodiorite; the breccia pipes are located
above and along this body, and the productive pipes are
concentrated over a large cupola on it. Fluids rising
from the elongate plutou, probably for the most part
along restricted escape routes determined by structures
having no expression at the present surface, percolated
through fractured granodiorite and metavolcanic rocks
and altered them. Rounding of breccia fragments prob-
ably is caused mainly by spalling off of shells of altered
rock, but might result in small part from abrasion.

Fragmentation and the formation of open spaces in

the breccia may have resulted from softening (see fig.
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56), disintegration, and flushing out, or solution and
removal of material by ascending fluids; from slight
upward thrusting of the breccia by magmatic gas, by
an underlying intrusive plug, or by a combination of
both ; or from slumping resulting from removal of ma-
terial, either breccia or intrusive rock, at depth. The
relations shown in figure 57 suggest that perhaps both
upthrusting and slumping played some part, and the
small bodies of biotite latite porphyry associated with
several pipes may have been the agents causing the up-
thrusting.

Apophyses of the pluton may have intruded some of
the pipes, reaching the present level of observation in
a few, such as the Old Reliable, to solidify as biotite
latite porphyry (p. 128). Following formation of the
breccia pipes, copper and molybdenum sulfides, together
with abundant quartz and lesser amounts of other min-
erals, were deposited in open spaces between fragments;
chalcopyrite and pyrite also formed as small grains
disseminated in altered breccia fragments. '

The thickness of cover above the present outcrop level
of the pipes at the time of their formation is not known,
but almost surely was at least 1,500 feet, the approxi-
mate vertical interval between the Old Reliable pipe
and the highest outcrop of Glory Hole Volcanics. If
the pipes postdate the Galiuro Volcanics (there is no
direct evidence that they do), then the depth of cover
may have been twice or even three times as much.

The nature of the restricted escape routes mentioned
above is not known, but presumably these routes were
above what must have been almost point sources (small
cupolas?) of the fluids responsible for alteration and
ore deposition in the pipes; they are what Burbank
(1941, p. 177) calls vertical axes of greatest concentra-
tion of magmatic emanations.

The principal features failing of explanation in the
foregoing synthesis are the sharp and unfaulted or un-
fractured contacts between breccia and wallrock and the
circular or elliptical horizontal cross sections of most
pipes. The interlocking curved fractures or the en-
velopes of vertically sheeted rock bounding pipes in the
Red Mountain district of Colorado (Burbank, 1941,
p. 172-173) are lacking in most of the Copper Creek
pipes, and the contacts seem to mark simply the limit
of penetration of fluids that worked outward from a
nearly vertical and linear channel.

MINES AND PROSPECTS

In this report, mines and prospects are divided into
four geographic groups; Aravaipa, Grand Reef,
Table Mountain—Fourmile Creek, and Copper Creek.
The Aravaipa district embraces the first two of these
groups.
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HISTORY AND PRODUCTION

The history of the Aravaipa district from its discovery
in the 1870’s until 1949 was summarized by Wilson
(1950, p. 55-56) as follows; a few minor changes have
been made by me:

1870-89.—District discovered in the 1870’s. A small
smelter was built at Aravaipa in the late 1870’s by Col.
W. C. Bridwell, but no data are available on production
of this period.

1890-95.— Aravaipa Mining Co. sank the Arizona
shaft and shipped two cars of ore from the Arizona,
Orejana, or No. 1 claims,

1890-1902 —John W. Mackay developed the Grand
Reef mine to a depth of 300 feet. Presumably some
lead-silver and copper ore was shipped from other
properties in the district.

1903-15.—Small-scale operations by lessees.

1916-19 —Grand Reef mine leased by local people
who built a small mill and shipped ore and concentrate
mined during earlier operations.

1916.—Lead carbonate ore, valued at $90,000, re-
ported to have been shipped from the No. 1 mine.

1919-20.—Aravaipa Leasing Co. dewatered the
Grand Reef mine and made some production.

192124 —Little activity in the district; no produc-
tion reported for 1921 or 1922.

1926-28 —Grand Central Mining Co. acquired the
properties of the Aravaipa Mining Co. in 1925 and
built a flotation concentrator having a capacity of 90
tons per day. The plant operated for 5 months in 1927.

1929-31 —Production was mainly oxidized lead ore
from the Grand Reef mine, which in 1931 was the
second largest lead mine in Arizona.

1932.—Little activity, no production reported.

1989—41—Grand Reef Mining Corp. in 1939 built a
concentrator having a capacity of 100 tons per day.
During 1941, the Calistoga Mining and Development
Co. treated tailings from the Grand Reef mine.

1942-49 —Athletic Mining Co. acquired a group of
claims around Aravaipa, developed the Iron Cap and
Head Center mines, and in 1948 built a flotation con-
centrator having a capacity of 100 tons per day.

19560-657 —Athletic Mining Co. continues to be only
major producer in the district. Operations ceased in
1957.

1968-60.—No appreciable production, some explora-
tion in the Cobre Grande mine area and sporadic
prospecting elsewhere.

Production of the Aravaipa district is given in the
following table. Data for the years 1915-38 are taken
from Wilson (1950, p. 57), those for 1939-58 from the
Minerals Yearbooks of the U.S. Bureau of Mines.
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TaBLE 7.—Production of the Aravaipa district from 1915 to 1958

Tons Lead Zine Copper | Silver | Gold | Total
Year of ore | (pounds) | (pounds) | (pounds) | (fine (fine value

treated ounces) |ounces)| (dollars)
9,376 93, 486 53 | 550,754
15,798 10,274 | .______ 266, 794
4,495 40, 965 77 08, 426
135 2,037 2 3,043
1,282 2, 696 8 9,921
537 2,264 1 4,187
2,680 12,721 16 33,836
1,295 3,853 22 24,698
443 1,440 5 15,110
4,117 2,302 12 1 103,726
6, 917 3,34 17 | 132,519
7,407 ) 8, 969 125 | 162, 889
5,060 | 1, 588, , 15,958 229 | 278,369
31,146 | 2,283, 2 , 000 ) , 240 195 | 746,104
23,188 | 2,541,000 | 1,565,000 | 118,600 | 20,127 1,310 | 682, 968
21,630 | 2,995,000 | 1,842, 000 83,300 | 16,104 664 | 721,030
30,897 | 2,587,700 | 2,808,000 91,800 | 14,261 588 |1, 014, 431
22,618 | 1,729,200 | 2,630,000 | 225,900 | 18,495 129 | 790,903
16,549 | 1,804,800 | 3,464,000 ( 102,900 | 14, 564 25 678,377
19,230 | 1,624,000 | 2,732,000 | 141,000 | 17,140 25 | 575,527
18,960 | 1,364,000 | 3, 340, 000 96, 300 | 15, 806 2?| 664,351
18, 449 832,000 | 2,370,500 | 125,900 | 11,118 | _._____ 518, 952

9, 725 595, 900 | 1,392,900 , 800 , 884 | _____.__ 278,
S R S, 2,000 1 412
.-|272, 834 (32,268,729 |27, 244, 697 |1, 835, 610 |351,145 | 3,506 |8, 355, 870

L Production from Graham County.

The only production from deposits in the Table
Mountain—Fourmile Creek group has been from the
Table Mountain mine, which between 1898 and 1928 is
estimated to have yielded 400-600 tons of ore assaying
more than 14 percent copper.

Histories and production of mines of the Copper
Creek group are given by Kuhn (1938, p. 127; 1941,
p. 528-529; 1951, p. 56-57) and Denton (1947a, p. 3-4),
and their data are summarized below.

The earliest mining activity recorded dates from 1863,
although the region is reported to have been prospected
prior to that date. In 1863, high-grade silver-lead ore
was mined from the Bluebird vein. During the period
between 1903 and 1919, various deposits along Copper
Creek, as well as the Bluebird mine, were explored by
the Copper Creek Mining Co. and its successors, the
Minnesota-Arizona Mining Co., and the Copper States
Mining Co. (or the Copper States Metals Mining Co.).
During 1907-09, the Calumet and Arizona Mining Co.
explored the Copper Giant, Copper Prince, Glory Hole
(or Globe), and Superior breccia pipes. The road from
Mammoth to Copper Creek was built in 1908. The
American Eagle and Old Reliable mines were exploited
at some time between 1914 and 1919, and ore was treated
in a mill on Copper Creek. The Childs-Aldwinkle mine
was worked by the Arizona Molybdenum Corp. between
1933 and 1938, and by lessees in 1939.

Production from the Copper Creek group is sum-
marized in the following table.
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TaBLE 8.—Production of the Copper Creek district from 1863 to

1939
Molyb Silver | Gold | Esti-
Mine Period | Copper | denite Lead (fine | (fine | mated
(pounds) | (pounds) | (pounds) | ounces)| ounces)| value
dollars)
Bluebird_...._. 1863-1920) oo ccofommcce e e 150, 000
1926-39..| 200,000 |.._._._._.. 4,000,000 {119,000 |__..___. 350, 000
1948__.__ ,100 ... 31,200 | 1,085 3 6,000
Childs-Ald- 1933-38._|5, 859, 033 16,946,782 ... _____ 6, 938 2 3
winkle.
Copper Prince_| 1937__.__(1,227,667 |.__ | el ean
Copper States | 1905-16_.| 700,000 |..__ .. |-ccooooone 55,000 |- ceoeoofeomannae
Mining Co.l
Clark and 1905-30..| 200,000 15,000 | oo ]emaeenee
Scanion
properties.
Total oo foceaeaan 8,188, 800 (6,946, 782 |4, 031, 200 |217, 023 726 | 506, 000

1 Source uncertain, but presumed to be the Old Reliable and American Eagle mines.

ARAVAIPA GROUP

MINES AND PROSPECTS OF THE ATHLETIC MINING
COMPANY

The Athletic Mining Co. was the principal mine oper-
ator in the Aravaipa district between 1942 and 1957,
at the end of which period all its properties were shut
down. During the period of fieldwork on which this
report is based, no responsible official of the company
resided in the district, and consequently the company
denied permission to enter or study its mines. As a
result, descriptions of these deposits are necessarily
brief and are based on surface observations, published
material, and various written communications.

In addition to operating the Iron Cap and Head
Center mines, the company in 1948 built a flotation con-
centrator having a capacity of 100 tons per day. The
concentrator is in the SW14 sec. 6, T. 7 S.,, R. 20 E., a
mile northwest of Klondyke.

The bulk of the metal production from the district
during the period 1952-57 (table 7) came from the Iron
Cap and Head Center mines, principally the Head
Center.

ARIZONA MINE

The Arizona mine is in the center W14 sec. 25 (un-
surveyed) T. 5 S., R. 19 E,, on the road from Aravaipa
to the Abe Reed mine. It is one of the properties re-
ferred to by Ross (1925a, p. 95-96) as the Aravaipa
Mining Co. group. No production definitely attribu-
table to the mine is recorded. Horse Mountain Vol-
canics, including some “turkey-track” andesite, are cut
by a fault zone that strikes a little west of north and
dips 80°-85° W. At its south end the fault structure
is 90 feet wide and has a core of fine-grained trachyte
(?) dike rock (see p. 94) flanked by quartzose selvages
stained by manganese oxide; the west selvage consists
of 30 feet of interlayered finely laminated quartz and
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massive quartz containing a little copper stain and very
sparse galena. In the vicinity of the Arizona shaft, the
fault zone is 20 feet wide and is made up, from west to
east, of 6-7 feet of laminated quartz containing a layer
of massive quartz 1-2 feet wide, 6 feet of volcanic rock,
and 6-7 feet of laminated quartz having a layer about
2 feet wide containing a little galena, anglesite, and
copper stain. Ross noted argentite, sphalerite, pyrite,
and chalcopyrite on the dump.

The Arizona vein is explored by a two-compartment
shaft sunk to a depth of 580 feet by 1895 (Ross, 1925a,
p. 98; Wilson, 1950, p. 60), an east-trending adit 600
feet long that crosses the vein about 200 feet from the
portal, drifts along the vein 275 feet to the south and
400 feet to the north from the adit, and several short
drifts off the shaft. The adit connects with the 83-level
of the shaft. The shaft is said to be in limestone below
the 500-foot level, and Wilson reports that diamond
drilling carried out in 194243 revealed that pink lime-
stone containing silicated limestone and iron oxide was
found to extend to a depth of more than 100 feet below
the 516-level of the shaft. Ross states that on the 83-
level the vein has a maximum width of more than 10
feet and consists of quartz, galena, cerussite, and man-
ganese oxide; he also reports an average assay along
this level of 10-15 percent lead, 12-15 ounces of silver
per ton, and a little gold. The shaft is reported to have
been in barren rock to a depth of 560 feet where lime-
stone containing a little sphalerite, pyrite, and chalco-
pyrite was found.

FAIRVIEW PROSPECT

A prospect shaft said to be on the Fairview claim is
4,000 feet northwest of Aravaipa, about on the line be-
tween secs. 25 and 26 (unsurveyed), T. 5 S., R. 19 E.,
and 1,500 feet north of the south edge of these sections.
A 2-compartment shaft of unknown depth has been sunk
on the south end of a fracture zone 3 feet wide that
strikes about north and dips 80° E. The fracture ex-
tends 250 feet north of the shaft, beyond which point
it is covered. Country rock is “turkey-track” andesite
of the Horse Mountain Volcanics. In an opencut near
the shaft is a vein 10-14 inches wide of amethyst, quartz,
and a little specularite. Rock in the ore bin contains
a little chrysocolla, anglesite, cerussite, and very scarce
wulfenite.

GRAND CENTRAL MINE

The Grand Central mine is about 1,000 feet southeast
of the Head Center mine near the center north edge
of sec. 30, T. 5 S, R. 20 E. Production prior to 1925
was negligible, but during the period 1926-28, when
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the mine was operated by the Grand Central Mining
Co., it may have been appreciable; according to Wilson
(1950, p. 56), the mine produced during this period
approximately 8,500,000 pounds of lead, 1,214,797
pounds of zine, and $20,000 in silver. Nothing is known
of the history of the mine subsequent to 1930.

A shaft inclined 32° N. 70° E. is sunk on an altered
zone in Horquilla Limestone, which strikes N. 10° E.
and dips 85° W. Galena, quartz, and a little copper
stain can be seen in a small outcrop near the shaft.

A steep funicular railway conmnects the shaft to a
loading bin on the Aravaipa-Head Center mine road.

HEAD CENTER MINE

The Head Center mine is on the east side of William-
son Canyon at the end of the road in the SE14 SW1j
sec. 19, T. 5 S.,, R. 20 E. Production from the Head
Center mine is lumped with that from the Iron Cap
mine in the available statistics, so that its total output
is unknown, but the mine was the principal source of
ore of the company between 1950 and 1957 and probably
has been the largest producer of the district. The Head
Center vein is developed by an adit 210 feet long, an in-
clined shaft down the vein, and several closely spaced
levels.

The Head Center vein is along a fault zone that strikes
slightly north of east, dips 30°45° N., and over most
of its length brings Horse Mountain Volcanics in the
hanging wall against Horquilla Limestone in the foot-
wall. To the east of Williamson Canyon as far as the
Iron Cap mine, and for nearly a thousand feet west of
the canyon, the fault is intruded by a dike of porphyritic
dacite or quartz porphyry. At the Head Center shaft,
rocks along the fault are strongly shattered, and in the
bottom of Williamson Canyon the vein is a breccia zone
at least 20 feet wide and having sheared silicic Horse
Mountain Volcanics in both walls.

In an opencut just east of the Head Center shaft, the
vein consists mainly of quartz cut by veinlets of man-
ganese oxide. Some of the quartz is finely laminated
and contains thin layers of galena and anglesite.

According to Wilson (1950, p. 59) most of the vein
was in rhyolite porphyry (dike rock?); in the eastern
part of the adit level the vein was in part in the foot-
wall limestone. Wilson reports that the ore shoot being
mined in 1949 was about 350 feet long and trended east.
He writes as follows:

The vein ranges in thickness up to about 10 feet in the rhyolite
and 14 feet in the limestone. The segment of the vein containing

the ore shoot forms a low northward-plunging arch, within which
both the strike and dip show local variations of several degrees.
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Displacement of the vein by cross faults has not exceeded a few
feet in the area explored.

Some residual sulfides occur near the surface, but in general
oxidation has been thorough to a depth of about 30 feet below
the adit and continues downward throughout all the workings;
in general, from 70 to 80 percent of all the lead and zinc min-
erals occur in nonsulfide form. Sufficient water was encountered
below the fourth level to require intermittent pumping.

Galena and sphalerite, together with minor pyrite and a little
chalcopyrite, are the sulfide minerals. Some of the sphalerite is
pale lemon yellow to colorless. Most of the ore has been suffi-
ciently low in zinc to be shipped for lead smelting.

Samples taken in 1943 (Denton, 1947b, p. 8) from the
Head Center vein along the adit and to a vertical depth
of about 130 feet in the shaft assayed from traces to
38 percent lead, 1-29 percent zinc, traces to 6 percent
copper, 1-8 ounces of silver per ton, and less than 0.1
ounce of gold per ton. Sample widths were 1.2-5.4
feet. A representative sample from the shaft assayed
11.7 percent lead, 17.4 percent zinc, 1.7 percent copper,
and 1.72 ounces of silver per ton.

IRON CAP MINE

The Iron Cap mine is at the end of the road half a
mile north of Landsman Camp in the SE1j sec. 19,
T.5 S.,R.20 E. Together with the Head Center mine,
it was a principal source of ore of the company. The
mine has been described briefly by Denton (1947b,
p. 5-6) and Wilson (1950, p. 56-57). Mine workings
consist of a lower adit more than 600 feet long, various
stopes, and a sizable glory hole.

Production from the Iron Cap mine is believed to
have been considerably less than that from the Head
Center mine.

The lower adit is in sandstone of the Pinkard Forma-
tion at the portal, but at 475 feet from the portal it
crosses a fault and enters Horquilla Limestone. The
glory hole is entirely in Horquilla Limestone cut by a
broad and rather vague fracture zone, probably related
to the Head Center fault, that strikes N. 50°-70° E.
and dips 40°-55° NW. Geology and mine workings are
described by Wilson (1950, p. 58) as follows:

The lower adit shows several northwestward-trending reverse
faults of steep northeastward dip. One of them, termed the
Winze fault, at a distance of 410 feet from the portal intersects
a fault which strikes westerly, dips 40°N., and brings Pennsyl-
vanian [Horquilla] beds over Cretaceous [Pinkard]. This low-
angle fault zone, now known as the East vein, proved to contain
the most important ore shoot found in the mine. It might have
escaped discovery if the adit had been a few feet farther south-
east.

A considerable tonnage has been mined from the Upper Stope
and West ore bodies, immediately south of the Upper Tunnel
fault. They consist of veins, thin stringers, and irregular spotty
replacements, associated with bedding slips and fractures in
Pennsylvanian limestone.

Most of the ore shoots occur within broad, low anticlines that
plunge down the dip.
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The Iron Cap ores consist essentially of sphalerite and galena,
together with a little pyrite and chalcopyrite. Small amounts
of chalcocite and covellite are present locally, but in general the
ores are not oxidized to any important extent.

Ore still in the bins consists of highly altered lime-
stone(?) cut by veinlets of coarsely crystalline quartz
containing irregular pods and lenses of yellowish-green
sphalerite, galena, calcite, and sparse pyrite and chalco-
pyrite. Sphalerite also is disseminated locally in lime-
stone around the glory hole.

Samples of the vein in the old upper adit, taken in
1943 (Denton, 1947b, p. 10), assayed 1-19 percent lead,
1-35 percent zinc, less than 1.7 ounces of silver per ton,
and traces of copper and gold. Sample lengths ranged
from 1.2 to 6.0 feet. The unweighted-average assay was
7.0 percent lead, 10.6 percent zinc, and less than 1 ounce
of silver per ton. Samples from the East vein assayed
1-19 percent lead, 1-28 percent zinc, less than 3.2 ounces
of silver per ton, and traces of copper and gold. Sam-
ple lengths were 2.0 to 8.0 feet. The unweighted-aver-
age assay was 5.7 percent lead, 14.0 percent zinc, and
less than 1 ounce of silver per ton.

NO. 1 MINE

The No. 1 mine is just west of Aravaipa in Arizona
Gulch. The mine has been inaccessible for many years,
and little is known about its geology or production.
According to Denton (1947b, p. 4) the mine is reported
to have yielded $90,000 in lead carbonate ore in 1916.
Mine workings consist of a shaft inclined 55°-60° N.,
reported to have short drifts off the 60-, 126-, and 226-
levels (Wilson, 1950, p. 60), and an opencut north of
the shaft about 100 feet long.

Most of the shaft workings appear to be in a block of
Escabrosa Limestone that is faulted against Horse
Mountain Volcanics. Much of the limestone is replaced
by rosettes of johannsenite, some having quartz cores.
Contacts between altered and unaltered limestone along
joints and bedding planes are very sharp. Small
amounts of quartzite and fissile shale on the dump indi-
cate that at depth, probably at the bottom, the shaft
entered Bolsa Quartzite and the Martin Formation,
both of which are exposed just west of the shaft in fault
contact with Escabrosa Limestone.

The opencut north of the shaft and just west of the
Williamson Canyon road is along a fault that at the
north end of the cut strikes N. 30° W. and dips 70° E.
and at the south end strikes S. 45° E. and is vertical.
The fault is marked by about a foot of pink breccia.
Horizontal Escabrosa Limestone in the southwest wall
of the fault is replaced by johannsenite for as much as
5 feet from the fault, but no other evidence of minerali-
zation was seen.
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PANAMA MINE

The Panama mine is in the gulch just east of Ara-
vaipa. Horquilla Limestone is brought against Bolsa
Quartzite to the east along a northward-trending fault
that dips steeply west. An outcrop of silicated lime-
stone several hundred feet long has near its center a
zone of alteration perhaps 50 feet long and 20 feet wide
containing oxides of iron and manganese. A north-
northeastward-trending adit about 100 feet long driven
below this outcrop cut a mineralized zone 50 feet or so
in length and containing a little sphalerite, galena,
pyrite, and quartz. A second outcrop of altered rock,
possibly volcanic, lies on the west side of the fault some
800 feet south of the first outcrop and is about 100 feet
long by 20 feet wide. It isexplored by a short eastward-
trending adit. Near the fault a mineralized zone 20-25
feet wide contains perhaps 10-15 percent of combined
galena and sphalerite.

Both outcrops were diamond drilled by the Athletic
Mining Co. in 1948-49. The outcome of later explora-
tion is unknown, but the prospect has been abandoned
since at least 1957.

OTHER MINES AND PROSPECTS
ABE REED MINE

The Abe Reed mine is near the center of sec. 23 (un-
surveyed), T. 5 S., R. 19 E., near the top of the south-
east wall of Old Deer Creek. It may be reached by a
poor road from Aravaipa. The mine is on one of the
claims referred to by Ross (1925a, p. 100) as the Raw-
hide group.

Silicic flow breccia. tuff, and agglomerate of the Horse
Mountain Volcanics are cut by a fault trending north-
northeast and dipping 50°-60° E. Along the fault, a
narrow breccia zone contains a little quartz. The fault
is explored by a south-trending adit and an inclined
shaft 60 feet deep (fig. 31). In the adit near the shaft,
the fault breccia contains small pods of galena and
sparse chalcopyrite. The galena is partly altered to
anglesite, and the chalcopyrite to chalcocite and chryso-
colla. At the south end of the adit are two small stopes
where the fault contained a little galena and copper
stain. Elsewhere in the adit the breccia appears to be
barren.

Total production is unknown but must have been very
small. In 1950 the mine produced about 185 tons of
lead ore, and in 1951, 121 tons; these amounts probably
represent nearly the total output of the mine.

BEN HUR MINE
The Ben Hur mine is in the SE1} sec. 36 (unsur-
veyed), T. 5 S.,, R. 19 E., just north of the road to
Aravaipa. Production prior to 1950 is reported to have
been 30 tons of ore containing 30 percent lead. In 1950
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FI1GURE 31.—Geologic map of the adit level of the Abe Reed mine.

the mine yielded 150 tons of ore assaying 12.5 percent
lead, 2.4 percent zinc, 1.3 ounces of silver per ton, and
0.07 ounce of gold per ton (C. S. Bromfield, written
communication, 1951). In 1951 the output was 107
tons of ore, and in 1952, 418 tons. Development con-
sists of a shaft 100 feet deep, a caved shaft reported to
be 115 feet deep, and short drifts. The mine was in-
accessible at the time of this study.

The shafts explore a breccia along a steeply plunging
trough at the intersection of two faults in Escabrosa (%)
Limestone that is intruded by a rhyolite dike. Veinlets
and irregular masses of galena in a gangue of quartz,
fluorite, and specularite are enclosed in the breccia. The
galena is largely oxidized to cerussite and anglesite.

COBRE GRANDE MINE

The Cobre Grande mine area is near the corner com-
mon to secs. 21, 22, 27, and 28, T. 5 S., R. 20 E., about
seven-tenths of a mile north of Cobre Grande Moun-
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tain. The area may be reached from Landsman Camp
over 2.5 miles of steep trail, or from Monkey Spring,
Goodwin Canyon, and the valley of the Gila River over
a rough and steep jeep road. Ross (1925a, p. 103) re-
ports production of one carload of ore.

Mine workings are in a block of Escabrosa (and Hor-
quilla?) Limestone that here and there is silicated or
has irregular zones of iron oxide and sparse copper
stain. Workings include an adit (the Cowboy tunnel of
Ross), several other adits, one of which on the road to
Monkey Spring is reported by Ross to have been 700
feet long, a shaft said to be 160 feet deep, and several
bulldozer cuts made by Duval Sulphur and Potash Co.
during exploration carried out in 1958-59.

The main adit trends S. 30° W., is mainly in lime-
stone, and has about 250 feet of workings, a 30-foot
winze, two 15-foot raises, and an irregular small stope,
presumably along the bedding of the limestone, that
dips 20° SE. A little chalcanthite coats the walls of
the stope. Ross reports pyrite, chalcopyrite, a little
galena, quartz, calcite, chlorite, epidote, garnet, specu-
larite, and magnetite. The adit on the road to Monkey
Spring trends N. 55° W. in Pinal Schist and is caved
180 feet from the portal, but probably reached the fault
(the Cobre Grande fault, p. 112) between Pinal Schist
and limestone, as Ross reports that the face was in lime-
stone.

A bulldozer cut northwest of the main adit exposes
dark-gray fetid crinoidal limestone that is irregularly
and sporadically replaced near a quartz porphyry dike
by chalcopyrite, iron oxide, johannsenite, chrysocolla,
and malachite. A shaft south of the south end of the
cut is sunk on an epidotized fault zone in limestone; the
zone strikes north-northwest, dips 80°-90° W., and is
about 8 feet wide. The footwall of the zone is marked
by sparse copper stain. On the dump is a little massive
fine-grained pyrite having a faint iridescent copper
stain.

An adit at the end of the Cobre Grande mine road is
driven S. 15° W. 60 feet along an irregular narrow cop-
per-stained slip in epidotized limestone. The slip dips
45°-90° W. Malachite and chrysocolla form thin layers
along the walls of the slip.

Just northwest of the main adit, a vague belt of sili-
cated limestone 500-600 feet long and ranging in width
from 10 to 70 feet has been prospected by bulldozer.
The altered zone seems to trend about N. 70°-80° W.
On one bulldozer terrace near the west end of the ex-
plored area, the north wall of the zone dips steeply south
and the south wall more gently south, perhaps 20°-30°.
Fine-grained gray limestone is irregularly replaced
both along bedding and in zones that cut across bedding,
by epidote, johannsenite, and locally, much yellow gar-
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net. Some replaced beds are now solid epidote, others
solid johannsenite. The altered limestone contains
small amounts of chalcopyrite and its oxidation prod-
ucts malachite, chrysocolla, and tenorite. Chalcopyrite
appears to be concentrated in narrow northwesterly-
trending streaks. At its east end, across a gully from
the main adit, the altered zone consists of about 10 feet
of nearly solid epidote.

Altered limestone along a silicic dike has been ex-
plored by bulldozer on a low ridge west of the main
adit. On the south side of the ridge the dike is 40-50
feet wide. Along its northeast side it is flanked by
15-20 feet of epidote-johannsenite rock which grades
away from the dike into 20 feet or so of epidotized lime-
stone and finally into more or less unaltered limestone.
This entire area is closely faulted and the rocks are so
strongly altered that the relations of dike, altered dike,
and limestone are obscure.

COPPER BAR AND SAM JONES PROSPECTS

The Copper Bar shaft and adit are on the north
side of Copper Canyon just south of the center of
sec. 32, T. 5 S., R. 20 E., and the Sam Jones adit is
directly opposite across the canyon (fig. 32). These
workings were described by Ross (1925a, p. 92-95)
as the Royal Tinto Mining and Smelting Co. group.
He reports that 15 tons of picked chalcocite ore
assaying 29.7 percent copper and several dollars in
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Modified after Ross (1925a, fig. 8).
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gold and silver was shipped in 1902. No further
production is known, and both workings appear to
have been abandoned for many years.

The Copper Bar workings are on a breccia reef
20-30 feet wide that cuts Pinal Schist. The reef
originally may have been a rhyolite dike, as it now
consists of brecciated rhyolite and Pinal Schist ce-
mented by specularite. It contains a little pyrite
and copper stain. The shaft, 6 by 8 feet in dimen-
sions and reported to be 100 feet deep, is filled with
water to within 10 feet of the surface; Ross reports
that considerable chalcocite was found in the upper
25 feet of the shaft and that chalcopyrite appeared
near the bottom.

What is possibly the same reef crosses a west-
sloping tributary of Tule Canyon in the SE1j sec.
29, T. 5 S., R. 20 E., where it has been prospected by
a pit on the Raymond No. 1 claim.

The Sam Jones adit begins in silicic dike rock and
after crossing a northwestward-trending fault enters
Escabrosa Limestone and remains in limestone as far
as the adit is accessible. Other than sparse iron
oxide and a little copper stain, no evidence of min-
eralization was seen.

LAST CHANCE MINE

The Last Chance mine is in the SW. cor. sec. 23
(unsurveyed), T. 5 S.,, R. 19 E., probably on the
Winthrop claim of Ross. The only recorded produc-
tion is 100 tons of lead ore in 1944 and a few tons of
ore in 1947. Country rock is interlayered silicic lava
and tuff of the Horse Mountain Volcanics. The mine
is on a breccia zone 2-3 feet wide along a fault that
strikes N. 25° W. and dips 70° NE. Mine workings
consist of an inclined shaft 115 feet deep and a level
that starts at a depth of 90 feet and extends 190 feet
to the southeast along the fault. At the collar the
shaft is inclined 55°, but below a depth of 35 feet it
steepens and at the bottom is inclined 70°. Along
the level in the interval between 100 and 120 feet
from the shaft, the fault breccia is 3 feet wide and
is cut by veinlets of coarse-grained massive galena
and anglesite 1-3 inches wide.

LEAD KING MINE

The Lead King mine is in the bottom of Stowe Gulch
just above its confluence with Tule Canyon near the
center of the north edge of sec. 6, T. 6 S., R. 20 E.
According to the owner of the mine, Herb Hatter of
Klondyke, nine carloads of ore were shipped in 1951.

The geology of the Lead King area is rather com-
plicated, as is shown by the sketch map of figure 33.
The mine itself is mostly in a small lens of Horquilla

Limestone that is faulted against Pinal Schist along its
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northwest side and is intruded by dikes of porphyritic
silicic rock and by an irregular mass of ‘“turkey-track’
andesite.. The limestone is converted to garnet-epidote-
johannsenite tactite at its northeast end and also to a
lesser extent along contacts with dikes. Underground,
some limestone is altered to highly fractured light-gray
to white jasperoid that locally is a breccia. Mine
workings, consisting of a short adit and a shallow
winze, are shown in figure 34.

The principal ore mineral is brownish-yellow
sphalerite, which veins and replaces the silicate
minerals of the tactite, forms pods and veinlets with
calcite in massive limestone, and to a small degree
fills fractures and irregular open spaces in jasperoid.
Sphalerite in tactite is accompanied by abundant
specularite, whereas that in jasperoid is almost de-
void of specularite. Galena is scarce except near the
foot of the winze. Other minerals are a little laven-
der or green fluorite in fractures in jasperoid, and
very sparse chalcopyrite. No clear idea could be
obtained about the shape of the sphalerite bodies in
the mine and the contacts with wallrocks are grada-
tional assay walls. According to a report furnished
by Herb Hatter, samples from various places on the
level and in the winze assayed 5.3-10.2 percent zinc,
0.4-1.0 percent lead, and 0.2-1.4 ounces of silver per
ton; the average assay was 7.7 percent zinc, 0.7 per-
cent lead, and 0.8 ounce of silver per ton. The ore
also averages 0.2 percent cadmium.

The specularite breccia reef east of the Lead King
adit is about 20 feet wide and consists of sharply
angular fragments of wallrock crisscrossed by a net
of specularite veinlets and filmed by sparse malachite
and azurite. Along its west wall the reef is flanked
by an irregular body of quartz porphyry. The Ale-
man adit has been driven 220 feet southwest along
the breccia-porphyry contact.

OREJANA MINE

The Orejana mine is about 1)% miles northwest of
Aravaipa in the center of sec. 26 (unsurveyed), T. 5 S.,
R. 19 E. No production is recorded, but a little ore
may have been produced from a small stope near the
end of the adit, possibly in the 1890’s. Mine workings
consist of a south-southeastward-trending adit nearly
700 feet long and a shaft (fig. 35). Country rock at the
mine is silicic flow breccia, light-purple silicic tuff, and
purple andesite of the Horse Mountain Volcanics.
These rocks are cut by a steeply dipping north-north-
westward-trending fault that has been traced with a
fair degree of certainty for 2 miles. Slickensides on the
fault surfaces at the head of the raise are nearly vertical.
The Orejana vein is a breccia zone 1-4 feet wide along
this fault. Most of the vein material is silicified
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FIGURE 33.—Geologic sketch map of the Lead King mine area along Stowe Gulch.

breccia, laminated and comb quartz, amethystine
quartz, chalcedony, and here and there a little galena,
anglesite, chalcopyrite, malachite, and chrysocolla.
On the dump of the raise, barren breccia contains a
little fluorite.

PRINCESS PAT MINE

The Princess Pat mine is just north of Old Deer
Creek in the NW1j, sec. 13 (unsurveyed), T. 5 S.,
R. 19 E., at the north edge of the Klondyke quad-
rangle. It may be reached by road from a point on
old U.S. Highway 70 about 7 miles east of Coolidge
Dam. The mine was described by Ross (1925a, p. 106-
107), and little if any prospecting appears to have
been done in the area since his examination. Ross re-
ports that 1 ton of oxidized copper ore was shipped
“from workings near the northwest corner of the
property.”

Rocks of the area are purple andesitic lava and
tuff of the Williamson Canyon Volcanics. Lava flows
just above the adit strike east and dip 25° N. The
volcanic rocks are cut by a fracture zone trending
about N. 20° W. and dipping steeply west, along
which the Princess Pat adit has been driven. The
fracture zone is as much as 6 feet wide and is stained

by iron oxide and small amounts of azurite and
malachite. Ross states that a little sphalerite, pyrite,
chaleopyrite, and galena(?) were found along a zone
7 feet wide in a westerly-trending crosscut 320 feet
from the portal of the adit.

Mine workings include a main adit, now flooded
and inaccessible, reported by Ross to be 870 feet
long and as having two crosscuts to the west each
120 feet long and a third crosscut to the east 70 feet
long, and several small opencuts on the hillside above
the adit. In addition to the underground workings,
a concrete tank 60 feet long and 20 feet wide for
leaching oxidized copper ore, a second tank 55 feet
long and 3 feet wide for precipitation of cement
copper using serap iron, and a large concrete water
storage tank were built, apparently fairly recently,
near the portal of the adit; neither the leaching nor
precipitation tank appears to have been used to any
extent.

SINN FEIN MINE

The Sinn Fein mine is near and at the end of the
Williamson Canyon road, on the line between secs. 19
and 30, T. 58S., R. 20 E. It is a short distance west and
southwest of the Head Center mine. According to
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Ross (1925a, p. 100), three carloads of ore had been
shipped prior to 1925. During the period 1947-53,
the Sinn Fein mine produced the following amounts of
lead ore: 1947, a few tons; 1948, 1,021 tons; 1949,
2,524 tons; 1950, 1,538 tons; 1951, 1,868 tons; 1952,
824 tons; 1953, 440 tons. Ore produced during the
period 1950-52 assayed about 17 percent lead, 1.3
percent copper, 2.3 ounces of silver per ton, and 0.2
ounce of gold per ton.

Mine workings consist of two separate groups, an
adit, winze, and winze level 50 feet below the adit that

will be referred to as the old Sinn Fein mine, and the
principal inclined shaft and levels of the new Sinn Fein
mine, a few hundred feet north of the old mine. The
new workings were extended in 1957 by the Balboa
Mining and Development Co., of Grand Junction,
Colo., but little ore was shipped. An inclined shaft
50 feet deep was sunk opposite the portal of the old
workings in 1958-59.

The old workings are along a faulted contact between
Horquilla Limestone to the east in the hanging wall
and a latite(?) dike to the west (fig. 36). The fault
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strikes slightly west of north and dips 45°-60° E. It is
marked by a breccia vein 1-4 feet thick containing
sparse quartz, iron oxide, and galena, and traces of
chalcopyrite and purple fluorite. The breccia is cut
off near the north end of the adit by a northwestward-
trending steeply dipping fault, but appears to be
repeated for a short distance on the lower level.

Minerals on the dump include, in addition to those
already noted, abundant anglesite, some cerussite, and
sparse azurite, malachite, and chrysocolla.

A little ore has been stoped between the adit and
winze levels, but production must have been very
small.

The incline across Williamson Canyon from the old
workings is sunk 50 feet on a fracture zone in Horquilla
Limestone just above the base of the formation. The
fracture strikes north and dips 50°-65° E., about
parallel to the fault in the old Sinn Fein workings, and
has a little quartz along it.

The new or inclined shaft workings of the mine, on
the main Sinn Fein vein, are shown in figure 37. The
vein is along the Head Center fault, which in the mine
strikes slightly north of west and dips 30°-45° N.
throughout most of the mine; it flattens somewhat at
the bottom of the shaft and swings to a more northerly
strike. The fault is in general a contact between
Horse Mountain Volcanics and Horquilla Limestone,
but near the Head Center and Sinn Fein mines it is
intruded by a dike of porphyritic dacite or quartz
porphyry, and in the Sinn Fein mine the only rock
recognized was either altered silicic dike rock or volcanic
rock.

The main Sinn Fein vein consists of from a few
inches to as much as 8 feet of gouge that near the
hanging wall contains veinlets of galena, sphalerite,
quartz, fluorite, specularite, and sparse pyrite and
chalcopyrite. Locally the ore has vugs lined with
quartz crystals. Much of the ore mined from the
main stope appears to have been oxidized, and angles-
ite is abundant throughout the upper part of the
mine. Wulfenite is fairly common as small crystals
in open spaces in the upper parts of the mine.

TULE MINE

The mine workings referred to collectively in this
report as the Tule mine are just east of Tule Spring
in the SE14 sec. 31, T. 5 S., R. 20 E. The area is at
the junction of the Tule Spring and Tule Canyon
faults and is one of intricate small-scale faulting in-
volving quartz porphyry dikes, Horse Mountain Vol-
canics, Escabrosa(?) Limestone, and Pinal Schist.
Although several prospect adits and shafts have been
driven, the only working of consequence is an in-
clined shaft sunk in 1957 on the intersection of a
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fault striking east, dipping 55° N., and believed to
be a branch of the Tule Spring fault, with a very
slightly mineralized fault within the Tule Canyon
breccia reef, striking N. 45° E. and dipping 70° NW.
The incline was inaccessible at the time of this study,
but traces of galena were found on the dump.

Other prospect workings in the vicinity appear to
be barren. These include a shaft 30 feet deep on the
Tule Canyon breccia reef 900 feet north-northeast of
the incline, a 80-foot shaft 250 feet southeast of the
incline in Laurel Canyon Granodiorite, an adit 80 feet
long in altered limestone immediately east of Tule
Spring, and a flooded adit in purplish-gray welded
tuff of the Horse Mountain Volcanics in the Tule
Canyon about 500 feet north of the spring.

MISCELLANEOUS PROSPECTS

A few small and for the most part nameless pros-
pects near Aravaipa will be described briefly, in
approximate geographic order from northwest to
southeast.

Just south of Old Deer Creek and east of the
north-trending fault in the center of sec. 18, T. 5 S,
R. 20 E., a shallow pit in sandstone of the Pinkard
Formation shows a little malachite and azurite de-
rived from chalcopyrite. No structure is now ex-
posed in the pit, which is mostly caved.

The Green Gem claim is on the ridge near the
center of the line between secs. 17 and 20, T. 5 S,
R. 20 E. The rock of the area is garnetite derived
from Horquilla (and Escabrosa?) Limestone. The
metal or metals believed to be present were not men-
tioned in the claim notice.

The fault contacts of the small outcrop of Horquilla
Limestone in the SE. cor. sec. 28 (unsurveyed), T. 5
S., R. 19 E., have been prospected by three shafts
20-60 feet deep. No ore was found.

Several small prospects are in the NE14 sec. 25
(unsurveyed), T. 5 S, R. 19 E. A conspicuous
silicified zone shown on the geologic map as a fault
in Horse Mountain Volcanics in the northeast corner
of the section has been explored by an opencut and
inclined shaft on the Silver Reef claim. The zone
strikes N. 20° W. and dips steeply east. It is as much
as 8 feet wide and consists mainly of rock fragments
having crusts of quartz, and vugs lined with quartz
crystals. In the shaft a vein 4 inches wide of crusti-
fied quartz-galena ore lies along the silicified zone.
On the hill above the shaft, the silicified zone is 8
feet wide and has a vein of finely crustified quartz
4 feet wide in the footwall.

The fault along the east side of the small outcrop
of Horquilla Limestone near the center of the NE1}
sec. 25 is explored by a shaft inclined 65° S. 80° W.
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A little rusty quartz and galena were found. About
500 feet farther west, an inclined shaft and pit ex-
plore a quartz-amethyst vein 1-2 feet wide, striking
N. 5° W. and dipping 75° W. The vein has a core
of amethyst, flanked locally by thin layers of galena.
The size of the dump indicates that the shaft and
other possible workings are several hundred feet in
extent.

A shaft 20 feet deep and a pit on the ridge just
north and west of Williamson Canyon in the NW1/
sec. 30, T. 5 S., R. 20 E., are along a fracture in
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Horquilla Limestone. The fracture strikes N. 50°
W., dips 80° SW., and has along it a little quartz,
amethyst, galena, malachite, chrysocolla, and wulfen-
ite. According to an old claim notice, the workings
are on the Booker T. Washington claim.

A layer of brecciated jasperoid in Escabrosa Lime-
stone in the center of the N14, sec. 30, T. 5. S., R. 20
E., 2,000 feet southeast of the Head Center mine, has
been explored by an inclined shaft about 60 feet deep
and an open stope 75 feet long. The breccia strikes
N. 55° W., dips 65° NE., and has a strike length of
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perhaps 500 feet. On the top of the ridge west of
the prospect, the breccia is 10-12 feet wide, but to
the west it narrows and at the shaft is 4 feet wide.
Except for a little quartz in vugs, the breccia is made
up entirely of fragments of jasperoid in a jasperoid
matrix. At the prospect, open spaces in the breccia
are filled with quartz, a little brownish-gray calcite
and purple fluorite, and sparse galena, malachite,
chrysocolla, chalcopyrite, and chalcocite. Tiny plates
of wulfenite line vugs.

Several prospects are at or near the contact between
Bolsa Quartzite and the Martin Formation or be-
tween Martin and Escabrosa Limestone on the crest
and west side of the ridge south of the Iron Cap
mine in the NE14 sec. 30, T. 5 S., R. 20 E. These
prospects may be on the Ionia claim. On the crest
of the ridge, a shallow pit explores a small outcrop
of limestone replaced in part by johannsenite. Just
below the crest to the west, a little high-grade galena-
anglesite-quartz ore is on the dump of a caved adit.
This ore also contains a little wulfenite and copper
stain. An adit farther below begins in the Martin
Formation that strikes N. 80° E. and dips 50° N.;
the adit trends S. 60° E. and is caved near the portal.
The lowest adit, just above the bottom of the canyon
west of the ridge, is partly caved. On the dump are
altered limestone partly replaced by johannensite,
sphalerite, chalcopyrite, a little pyrite, and sparse
copper stain.

A body of massive specularite-garnet of unknown
size, having a little copper stain, has been prospected
at a place five-tenths of a mile north-northeast of
Landsman Camp in the NW1j sec. 29, T. 5 S., R.
20 E. Country rock is Escabrosa Limestone.

A vaguely defined zone of alteration in the small
outcrop of oolitic Escabrosa Limestone along and
north of the road between Aravaipa and Tule Spring
in the SE1} sec. 25 (unsurveyed), T. 5 S., R. 19 E,,
has been prospected by several pits. The zone trends
about N. 75° E. and is 3-5 feet wide. Along it the
limestone is replaced by a little galena, pale yellow-
green sphalerite, amethystine quartz, and coarse-
grained calcite.

Several pits have been dug along a fault between
Escabrosa Limestone and Bolsa Quartzite in the
NE1, sec. 36 (unsurveyed), T. 5 S., R. 19 E. The
fault seems to strike about N. 60°-70° E. and may
dip to the northwest. Breccia along the fault has
vugs containing quartz, a carbonate mineral that may
be ankerite, a little galena, and pale greenish-yellow
sphalerite, and probably some pyrite.

A prospect near the center of the south edge of
sec. 32, T. 5 S., R. 20 E., consists of two shallow in-
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clined shafts on a fault in Bolsa Quartzite. The
fault strikes east and dips 50°-75° N. It is marked
by sparse copper stain.

An adit 120 feet long and a crosscut 210 feet long
have been driven into the steep hillside between Stowe
Gulch and the point where the road to Landsman
Camp joins the Klondyke-Aravaipa road (NW1j sec.
6, T. 6 S.,, R. 20 E.). Wallrocks are metasedimentary
rocks or metatuff of the Pinal Schist. The adit is
along a gouge-filled fracture that strikes northwest
and dips steeply southwest. No ore was seen in the
adit, but a little copper stain appears in an opencut
just above the adit.

GRAND REEF GROUP

Most of the mines and prospects to be described in
this section are along or near the Grand Reef fault
between Imperial Mountain and Klondyke Wash.
The Silver Coin mine is probably half a mile east of
the fault, and a few insignificant prospects are well
east of the fault in Pinal Schist. Mines will be de-
scribed in geographical order, from north to south.

WINDSOR MINE

The Windsor mine is on the northeast flank of Im-
perial Mountain about halfway between Stowe Gulch
and the summit of the mountain. The shaft collar is
on the Imperial Mountain road. The mine was de-
scribed by Ross (1925a, p. 89-91, fig. 7) as part of the
Bullis group of claims. No production is recorded.

The mine is on the northwest branch of the Grand
Reef fault, which here strikes northwest, dips steeply
southwest, and has Horse Mountain Volcanics in the
southwest wall and Bolsa Quartzite in the northeast
wall. Mine workings explore a short segment of the
breccia reef along the fault (fig. 38). The reef consists
mainly of brecciated wallrock, quartz, and very sparse
copper stain. Galena, anglesite, and a little fluorite,
quartz, and malachite make up a small pod in the
breccia just southeast of where the shaft penetrates the
adit level. Galena may have selectively replaced
certain breccia fragments. No other sulfide was seen.
Quartz in part is late and veins galena. Ross reports
cerargyrite, tenorite, covellite, and chalcocite from the
shaft. He also reports results of an earlier sampling
of reef material; in the shaft, the lead content ranged
from a few tenths of 1 percent to more than 9 percent,
the silver content averaged less than 15 ounces per ton,
and the copper content was 0.14 percent, and in the
drift southeast of the adit the silver content was
0.94-2.42 ounces per ton.

An audit about 1,000 feet northwest of the Windsor
adit may be on the May Tustin claim. Mine work-
ings are entirely in igneous rock, probably volcanic
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F1GURE 38.—Geologic maps of underground workings in the Windsor mine area. A4, Adit level of the Windsor mine. B, Adit on the May Tustin(?) claim.

for the most part although some may be dike rock.
Mine workings are shown in figure 47B8. The veins
are fracture zones having thin stringers of quartz,
amethyst, and galena.

Several other shafts and adits penetrate Imperial
Mountain; some along the Grand Reef were noted
in the description of that structure (p. 109), and
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