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TO ACCOMPANY MAP GQ-1107

GEOLOGIC MAP OF THE CROZIER PEAK QUADRANGLE,
PINAL COUNTY, ARIZONA

By Medora H. Krieger

REGIONAL GEOLOGIC SETTING

The broad regional geologic and structural setting

of the Winkelman quadrangle, of which the Crozier
Peak quadrangle is the northeast part, is discussed
by Krieger (1974). Rocks within the general area
range from Precambrian to Holocene, and all units are
represented in this quadrangle except the Naco and
Quiburis Formations. It is one of the most structurally
complex quadrangles within the region.
STRATIGRAPHY

The oldest Precambrian rocks in the area of the larger
scale index map are the Pinal Schist and intrusive rocks,
largely the Ruin Granite (Oracle Granite of N.P.
Peterson, 1938). Batholithic masses of Ruin Granite
(1,430 m.y.) were intruded after a period of intense
deformation that produced near-vertical east-trending
foliation and bedding in the schist. The schist and
granite are overlain with profound angular unconform-
ity by Precambrian sedimentary rocks~the Apache
Group and the disconformably overlying Troy Quartz-
ite. Diabase, about 1,200 m.y. old (Silver, 1960; Damon
and others, 1962), forms sills in the Apache Group and
Troy Quartzite, sill-like masses in the schist and granite
generally parallel to, and not more than 500 feet
below, the pre-Apache surface (Shride, 1967, p. 56),
and some dikes. The sills inflated, but did not per-
ceptibly tilt,the Precambrian sedimentary rocks.

After a long period of erosion, Paleozoic formations
were deposited paraconformably on the Precambrian
sedimentary rocks.

Volcanic rocks of Late Cretaceous age disconformably
overlie older rocks in the general area. In the Crozier
Peak quadrangle they are the Williamson Canyon
Volcanics of andesitic composition and a rhyodacitic
to quartz latitic pyroclastic unit recognized only in
the northwest part of the Crozier Peak quadrangle.
The Williamson Canyon Volcanics have been considered
either Late Cretaceous (Willden, 1964) or Late Creta-
ceous and(or) early Tertiary (Simons, 1964, Creasey,
1965, 1967). They are now considered Late Cretaceous
because in the northeast part of the Crozier Peak
quadrangle they are intruded by diorite that in the
Winkelman 7 Ys-minute quadrangle is dated as Late
Cretaceous. The rhyodacitic to quartz latitic volcanic
units are also considered Late Cretaceous because some
of it resembles the Glory Hole Volcanics (Simons,
1964; Krieger, 1968b), which is intruded by grano-
diorite dated as 69 m.y. (Creasey, 1967).

Late Cretaceous diorite and granodiorite and Late
Cretaceous and(or) early Tertiary (Laramide porphyry
masses of several lithologic types) intrude the older
rocks. *

Cenozoic stratigraphy in eastern Pinal County has
recently been revised by Krieger and others (1974). In
the area of the larger scale index map Tertiary sedimen-

tary deposits, formerly called Gila Conglomerate or
Group, are now divided into three formations—in as-
cending order, the San Manuel, Big Dome, and Quiburis.
In addition, Pleistocene and Holocene alluvial deposits,
also formerly included in the Gila Conglomerate or
Group, overlie these formations.

The San Manuel Formation consists of alluvial, lacus-
trine(?) and playa deposits, and interbedded andesite
and megabreccias. It is Miocene (probably early Mio-
cene) in age. Discordant dates on biotite and sanidine
from a rhyodacite tuff bed in its upper part are 18
and 24 m.y., respectively (Joan Engels, written commu-
nication, 1968). The San Manuel Formation is uncon-
formably overlain by the alluvial Big Dome Formation.
In the Kearny quadrangle an interbedded nonwelded
ash-flow yields late Miocene K-Ar ages of 14 m.y. on
biotite and 17 m.y. on hornblende (Cornwall and
others, 1971, and Banks, 1972). The youngest of these
formations, the Quiburis Formation, which consists of
an alluvial and a lakebed facies, was deposited in the
basin now occupied by the San Pedro River. It con-
tains Hemphillian vertebrate fossils (see Krieger, 1974a),
indicating a middle Pliocene age.

* STRUCTURE

The major structural features in the Winkelman 15-
minute quadrangle southwest of the Gila and San
Pedro Rivers are high-angle fauilts, north-northwest-
trending en echelon ridges of steeply dipping to over-
turned diabase and Precambrian and Paleozoic sedimen-
tary rocks, and low-angle gravity slides. As the tops of
the beds in the en echelon ridges always face east, the
structures are interpreted as partly eroded roots of a
single monoclinal fold later separated by faults, or
possibly as a series of monoclinal folds. Locally, the
section within an individual ridge is repeated along
what appears on a map as a high-angle fault, but which
is inferred to be a tilted thrust. Some of the faulting,
monoclinal folding, tilting of the thrusts, uplift, and
the erosion of large areas now stripped of Precambrian
and Paleozoic sedimentary rocks occurred before depo-
sition of the San Manuel Formation, for the oldest unit
in that formation in the Putnam Wash quadrangle is
composed largely of Precambrian granitic clasts. Intense
deformation also occurred after deposition of the San
Manuel Formation, for adjacent to the monoclinal
ridges, the formation dips steeply though somewhat less
than the older rocks. The formation also has been cut
by low-angle gravity slides and high-angle faulits.

Faults that predate the San Manuel Formation are
the thrusts, now tilted to vertical or overturned, and
two sets of high-angle faults that trend east-northeast.
Some east-northeast-trending faults resemble tear faults
related to thrusting.

The Ripsey Wash fault, a tilted thrust, is a muitiple-
strand fault, in contrast to the Romero Wash fault in
the Winkelman 7 %-minute quadrangle, which is a single




strand fault. The fault zone consists of near-vertical,
north-trending, east-facing slivers of basal Apache
Group rocks that rest on granite and lie west of granite
that underlies the main outcrops of the Apache Group.
West of the point where the monoclinal swings abruptly
east, successive slivers of basal Apache overlying granite
too small to map are repeated in close succession by
parallel faults. The long north-trending diabase masses

in granite, apparently well below the pre-Apache sur-

face, also suggests repetition by thrusting. Although
there is no surface expression of the thrusts. the diabase
is inferred to be sill-like masses that were intruded not
more than 500 feet below the pre-Apache surface.
Exposures in the area of the Ripsey Wash fault are
mostly poor; many areas mapped as granite are covered
by thin films of alluvium; some may conceal Apache
Group rocks.

Faults that postdate the San Manuel Formation are
west-dipping, low-angle gravity slides, high-angle, north-
northwest-trending faults, and a few east-northeast-
trending faults. Some high-angle faults, or some of
the movement on them, postdate the Big Dome Forma-
tion; a few postdate the Quiburis Formation. The
Indian Camp fault in the northeast part of the quad-
rangle may be a gravity slide similar to a major fea-
ture in the Putnam Wash quadrangle.

Although the monoclinal structures may have formed
as separate en echelon folds, the alternative suggestion
of a single monocline, later separated by faulting, is
appealing. In the Crozier Peak quadrangle, the southern
end of the ridge of steeply overturned strata swings
abruptly east and abuts Ruin Granite, suggesting a
strike-slip fault that caused the abrupt change in strike
and dip of the Precambrian sedimentary rocks and

separated the segment in the Winkelman quadrangle
from the one in the Crozier Peak quadrangle. The
segments were further separated by north-trending,
high-angle faults. How much of the movement on the
strike-slip and north-trending faults is older than the
San Manuel Formation and how much is younger is
uncertain. The fold in the older rocks is reflected in
the younger deposits, which also swing east. Additional
evidence for major strike-slip faulting is: (1) the east-
trending high-angle faults and low-angle shear zones
that separate Ruin Granite from diorite and Williamson
Canyon Volcanics in the northeastern part of the
Crozier Peak quadrangle, and (2) the fractured condi-
tion of the rocks in the north east corner of the Crozier
Peak quadrangle that extends into the Keamy
quadrangle. In this area of at least a square mile, few
pieces on the surface are more than 6 inches in diameter
and fractures are filled with carbonate, manganese
minerals, specular hematite, and locally pyrite. Apache
Group rocks are not in a normal sedimentary sequence.
Other masses of brecciated rock with attendant chaotic
repetition of small masses of Apache Group rocks and
granite occur just north and northeast of the Crozier
Peak quadrangle.

MINERALIZATION

The Winkelman 15-minute quadrangle, of which the
Crozier Peak is a part, is adjacent to three major copper
deposits: the San Manuel to the southeast, the
Christmas to the northeast, and the Ray to the north-
west. Although no economic deposits have yet been

found within the 15-minute quadrangle, numerous
prospect pits, shafts, and adits have explored the
principal mineralized areas, which are in granitic rocks
in the southeast corner and in the north-central and
northwestern parts of the |15-minute quadrangle. Some
of the mineralization may be Precambrian in age,
but most of it probably is related to Laramide intrusive
bodies.

In the Crozier Peak quadrangle, mineralization is
confined to the Ruin Granite and Cretaceous diorite
in the northeast part of the area and to Ruin Granite
elsewhere. In the northeast corner, brecciated areas are
veined with calcite, manganese oxide, specular variety
of hematite, and goethite. Pyrite and copper staining
is common in diorite. Quartz-sericite alteration with
disseminated pyrite and a little copper mineralization
is common in the northwest part of the quadrangle.
In the southwestern part, two ages of quartz veins
were noted: those that are older than the Precambrian
diabase and those that are younger, probably of
Laramide age. The younger quartz veins strike east-
ward, generally are | to 2 inches wide, locally 12
inches wide, and contain small pyrite cubes (as much
as 4 mm). Associated with some of the shear zones
and Laramide dikes are veins of calcite; one in the
southeast corner of the quadrangle 5 to 10 feet wide,
locally 20 feet wide, consists of coarsely crystalline (at
least 1 cm) white and brown calcite and finer grained
(less than 2 mm) pink calcite. Pink and white calcite
are veined by brown calcite that has about the grain
size of the pink calcite. X-ray examination proved
that all the carbonate is calcite.

DESCRIPTION OF MAP UNITS

SURFICIAL DEPOSITS

Alluvium ~ (0-15 ft exposed).—~Flood-plain deposits
along valley bottoms composed of clay, silt, sand, and
some gravel; largely unconsolidated.

Talus (0-20 ft).—Veneer of rock debris derived from
adjacent bedrock. Many talus deposits, not identified on
map, partly cover diabase, upper member of Dripping
Spring Quartzite, and Pioneer Formation.

Soil and gravel veneer on pediments and younger
terraces (0-25 ft).—Subangular pebbles and cobbles in a
generally reddish brown, fine- to coarse-grained matrix.
Originally covered wide areas west and south of Ripsey
Hill ridge, where present surface is only. slightly below
the pediment surface. The dark-red-brown soils were
developed during one of the pre-Wisconsin interglacia-
tions.

Undifferentiated gravel.— Terrace or pediment gravels,
talus, and alluvium; includes isolated exposures of
underlying rocks.

SAND AND GRAVEL (0-MORE THAN 100 FT EXPOSED)
Poorly consolidated alluvial gravel and sand composed
largely of granules and small pebbles in a finer grained
matrix, derived largely from Ruin Granite and related
rocks. Concealed in many places by alluvial and
colluvial material on valley bottoms and slopes and by
red soil developed on upper (pediment) surfaces.
Gravels east of Hackberry Wash in the northern part
of the quadrangle were deposited in channels that were
cut in the San Manuel Formation during the formation
of the present drainage system. Sand and gravel in the
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