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INTRODUCTION
On a clear day the rugged crest of Four Peaks is visible from Phoenix, 50 km to the east-northeast
(see figures I and 2). It is one of the highest, most rugged areas in central Arizona. Four Peaks forms part of
the high ridge that forms the backbone ofthe southern Mazatzal Mountains. The Four Peaks quadrangle
ranges in elevation from about 2400 feet along Bumblebee Creek in the northeast comer of the map up to
7657 feet at Brown's Peak.
Most of the region is extremely rugged and difficult to access. The Four Peaks Road, which
branches off State Route 87 at Sugarloaf Mountain (west of the map area), is a good 2-wheel-drive dirt road.
The Four Peaks Road becomes the El Oso Road on the east side of the high divide, which is also passable
with a 2-wheel drive vehicle. On the east side ofthe range the road to Three Bar Cabin is also 2-wheel-drive
accessible, but the road to Big Oak Flat is very rocky and narrow. The ridge road branching northward from
the El Oso Road north to Big Pine Flat is also good, though about 1 mile farther north of Big Pine Flat it
becomes rough even for a 4-wheel-drive vehicle.
The quadrangle covers a wide range of elevations and bio-zones. On the southwest and northeast
comers of the region below about 4000 feet Sonoran Desert vegetation dominates, and includes plants such
as saguaro, palo verde, cholla and prickly pear cactus, among others. Above about 4000 feet Sonoran Desert
vegetation gives way to dense chaparral vegetation including scrub oak, manzanita, desert mahogany,
sumac, and others. The thick chaparral blankets the landscape and creates a nearly impenetrable, dense
thicket. This was a major obstacle to detailed mapping in the higher elevations. Fortunately, (or
unfortunately) the 1996 Lone Fire that originated near Pigeon Spring burned most of the thick chaparral
from the Brushy Basin southward to beyond the southern boundary of the map. In many places dense,
ghostly woodlands remained, composed of the charred skeletons of trees and shrubs.
Mapping for this project was carried out mostly during May 1997, May 1998, and April-May 1999,
during which time I observed the rapid regrowth of the vegetation. Conifer forests grow on a few of the
north-facing slopes near Four Peaks and Buckhorn Mountain. During this study most ofthe trees in these
patches of forest were burned.
Four Peaks sits near the southwestern edge of the Transition Zone physiographic province in central
Arizona. The exact position of the Transition Zone-Basin and Range boundary is not well-defined, but
recent work (Ferguson and Gilbert, 1997; Skotnicki and Leighty, 1997a,b) suggests that it slices
northwestward through Canyon Lake, underneath the Lower Verde River Valley on its way through Cave
Creek. Compared to rocks west of this boundary, rocks to the east have been affected only slightly by midto late Tertiary extension. Based on west-dipping basalt and conglomerate skirting the west side of the
Mazatzal Mountains (dated at -15 Ma and probably equivalent to the Hickey Formation defined farther
north, see Shafiqullah, 1980 for dates), the Four Peaks area has probably been uplifted and tilted westward
at least about 15° since the middle to late Miocene. Paradoxically, however, Apache Group strata, Paleozoic
stratified rocks, and Tertiary conglomerates exposed in the Tonto Basin east of Four Peaks dip moderately
to the east. This suggests that Four Peaks was tilted to the east, not the west. This poses an interesting
structural dilemma that is partly addressed in Ferguson and others (1998).
If any Paleozoic, Mesozoic, and early Tertiary strata once existed in the southern Mazatzal
Mountains they were stripped away prior to -15 Ma. Apatite fission-track dates determined by Stuckless
and Naeser (1972) from granite west of Four Peaks show a resetting of apatite ages at about 50 Ma.
According to Foster et al (1993) the rocks would have originally been buried at a depth of at least 4 km,
depending on the geothermal gradient. Since the granitic and metamorphic rocks in this area were exposed
at the surface by at least 15 Ma they must have been uplifted and exhumed rapidly since the end of the
Laramide orogeny.
As of May, 1999, these were the trail conditions: the Alder Saddle Trail 81 was washed away and
did not exist; the Alder Creek Trail 82 from Black Bear Saddle all the way south to Apache Lake was
washed away and locally overgrown; the Soldier Camp Trail 83 from Mud Spring to about 1.5 miles south
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Figure 1. Index map showing location of the Four Peaks 7.5' quadrangle and geographic place names.
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Figure 2. Index map showing general geology and geographic place names in the Four Peaks quadrangle.
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of Soldier Camp was badly overgrown, locally washed out, and difficult to follow; the Oak Flat Trail 123
was almost completely washed out and locally deeply rutted and overgrown; the Four Peaks Trail 130 was
in great shape from Lone Pine Saddle to Black Bear Saddle but did not exist until past Buckhorn Mountain
at around Granite Spring where it was deeply eroded and difficult to follow; the Chillicut Trail 132 from
Three Bar Cabin up Baldy Canyon to Buckhorn Mountain was overgrown but tolerable as far south as
Baldy Canyon but difficult to follow southward; the Brown's Trail 133 was in great condition; the Pigeon
Trail 134 was difficult to find but was also in fairly good shape; and, finally, the Amethyst Trail 253 was
also in good condition but narrow and steep.
PREVIOUS STUDIES
Wilson (1939) described the metamorphic rocks of the Four Peaks area and attempted to correlate
them with rocks in the northern Mazatzal Mountains. Anderson and Wirth (1980) described the quartzites at
Four Peaks in a larger study of the uranium potential of Precambrian conglomerates in Arizona. Estrada
(1987) published the first detailed study of the metamorphic rocks and structure in the area immediately
surrounding Four Peaks. Powicki (1996) made a detailed study of the metamorphic rocks in the Four Peaks
quadrangle and Theodore Roosevelt Dam quadrangle. Skotnicki and Leighty (1997a) mapped the Mine
Mountain quadrangle to the west and the Stewart Mountain quadrangle to the southwest (Skotnicki and
Leighty, 1997b). Gilbert and Ferguson (1997) mapped the Horse Mesa Dam quadrangle to the south, and
Spencer and Richard (1998) mapped the Theodore Roosevelt Dam quadrangle to the east. Ferguson and
others (1998) mapped the Tonto Basin quadrangle to the north.
GEOLOGY
Metamorphic rocks
The rocks that comprise Four Peaks sit within a northeast-striking belt of folded, early Proterozoic
metamorphic rocks. The metamorphic protoliths include, from oldest to youngest: (1) a thick sequence of
rhyolite and rhyodacite lavas and minor tuff, (2) a lower thinly bedded quartz sandstone [now quartzite], (3)
interbedded shale and minor quartz arenite and sandstone, (4) a thick sequence of thinly to medium-bedded,
cross-bedded quartz sandstones [now quartzite], and (5) an uppermost dark gray, thinly bedded
siltstone/shale [now slate and phyllite].
Previous workers have given these units slightly different names. Also, there is some uncertainty as
to how these rocks correlate with other early Proterozoic rock sequences in Arizona. To avoid introducing
potentially confusing new names, these units are given the following informal designations (listed in
ascending order): (1) metarhyolite (map unit Xr), (2) the lower quartzite (map unit Xql), (3) the lower
sedimentary unit (map unit XsI), (4) the upper quartzite (map unit Xqu), and (5) the upper sedimentary unit
(map unit Xsu) [see figure 3].
Granitic rocks
At least six different granitic plutons intrude the study area. From oldest to youngest these include:
(1) an older, medium- to coarse-grained granite [map unit Xgm] that is locally hypabyssal and may be the
source of the rhyolite, (2) a granite pluton [map unit Xg] intruding map unit Xgm in the western part of the
study area, (3) a biotite-hornblende diorite [map unit Xd] underlying Buckhorn Mountain, (4) a coarsegrained, K-feldspar-porphyritic, biotite-hornblende granite in the southeast comer of the quadrangle [map
unit Xgbc] , (5) a coarse-grained, K-feldspar-megacrystic biotite granite [map unit YXg] in the north, and (6)
a nonfoliated medium-grained granite forming a small intrusion south of Four Peaks and several large, dikelike bodies to the north [map unit Ygm].
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Older medium- to coarse-grained granite (map unit Xgm) and coarse-grained Granite (map unit Xg)
These two map units are described together because they may be related. The coarse-grained granite
(map unit Xg) comprises most of the southwestern Mazatzal Mountains and extends westward to Sycamore
Creek and northward to Boulder Mountain. This contains anhedral to subhedral, light gray to locally pink,
square, equant K-feldspar phenocrysts, which are nowhere larger than 1.5-2 em across. Light gray
plagioclase and clear-gray quartz are 2-8 mm wide. Biotite occurs as felty clumps and is locally altered to
chlorite. The rock forms light gray rounded boulders in the north and rusty orange crumbly outcrops in
the south. West of Four Peaks the unit contains abundant joints that strike north-northeast and dip about
70° west. Skotnicki and Leighty (1997a) originally called this unit quartz monzonite, but point counts by
Jon Spencer in Isachsen and others (1999) show it to be granite according to Strechisen' s (1976)
classification scheme. Isachsen and others (1999) reported a U-Pb zircon age for this granite from the
Adams Mesa quadrangle of 1632.6 ± 2.9 Ma.
Except for a very localized porphyritic variety to the west in the Mine Mountain quadrangle, the
coarse-grained granite is very homogeneous. The light gray, almost square K-feldspar phenocrysts are
almost everywhere the same size and can generally be used to distinguish this pluton from others. In the
Four Peaks quadrangle this unit intrudes the metasedimentary rocks and metarhyolite (map unit Xr)
southwest of Four Peaks. This rock exhibits a pervasive weak to moderate northeast-striking foliation,
defined by alignment of biotite phenocrysts. Unlike the narrow, spaced shear zones in the diorite (map
unit Xd) foliation in this rock is widespread. However, large areas in the Mine Mountain and Boulder
Mountain quadrangles are unfoliated.
The medium- to coarse-grained granite (map unit Xgm) is exposed west of Four Peaks where it
grades westward into the coarse-grained granite (map unit Xg). This equigranular, medium- and locally
coarse-grained granite contains light gray to pink subhedral to anhedral K-feldspar 3-10 mm wide, light
gray plagioclase, cloudy-gray quartz, and 1-5% biotite. Many areas, particularly east and south of Four
Peaks Spring No. 1 and in the southern part of the study area, have an almost aphanitic matrix
surrounding conspicuous, light pink, subhedral feldspar phenocrysts. This unit probably represents
hypabyssal portions of a pluton comprised of both Xg and Xgm. The rock commonly breaks into angular
fragments, not rounded boulders, as does map unit Xg. This unit is equivalent to Xgm mapped in the
Mine Mountain quadrangle to the west (Skotnicki and Leighty, 1997a).
At first it was not clear if these two related granites intruded the metasedimentary rocks or were
overlain by them. The contact very closely parallels bedding in the lower quartzite unit (map unit Xql)
and from a distance looks depositional. Even up close most exposures are covered by material eroding
from the quartzite. However, between Browns Peak and Four Peaks Spring No.1 bedding is clearly
truncated by granite, and thin irregularly shaped veins of granite infiltrate the lower quartzite unit for
several tens of centimeters locally.
In the southwest comer of the study area north of Cane Spring Canyon, coarse-grained granite
(map unit Xg) and medium-grained granite (map unit Xgm) meet at a sharp contact. This contact can be
followed westward in the Mine Mountain quadrangle until it is buried by younger sediments.
Northeastward towards Four Peaks the contact is rather sharp almost as far as Soldier Camp and then
becomes diffuse. Where the contact is sharp no intrusive nor cross-cutting relationships were seen that
would help determine the relative ages of the two units. Apparently there are no dikes or veins of either
granite intruding the other, although there might be some that I simply missed. These two granites have
both sharp and gradational contacts. The medium-grained granite is likely a phase (shallow?) of the
coarse-grained granite. This conclusion is based on the similar overall composition of the two rocks and
the gradational contact between the two. The sharp contacts may be due to intrusion of coarser granite
that partially crystallized at depth before intruding the finer-grained, more shallowly emplaced phase.
This relationship was surmised for these same two units to the west in the Mine Mountain quadrangle,
where moderate to strong foliation in Xgm is cross-cut by weakly to non-foliated Xg.
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Transitional Granitoid (map unit Xgr)
This unit is exposed in the southern part of the study area, sandwiched between metarhyolite
(map unit Xr) and the stock of the younger medium-grained granite (map unit Ygm). This rock has
characteristics of both map units Xg an Xgm. It is probably equivalent to both of those units but this
exposure was mapped separately because of some uncertainty. Locally, near the contact with Y gm, the
rock is coarse-grained and porphyritic, with light gray to pink K-feldspar phenocrysts up to about 1 em
wide. The coarsest-grained exposures are those closest to map unit Ygm. Here the rock is clearly
holocrystalline. The matrix is slightly finer-grained than the matrix ofXg. Southward, though, over a
distance of about ~ mile, the K-feldspar phenocrysts become smaller and the matrix becomes finegrained and nearly aphanitic. Where the matrix is very fine-grained, the K-feldspar phenocrysts are
commonly zoned and are locally chalky gray. The contact between this unit and the metarhyolite is
locally sharp but it is difficult to see because it is defined by the presence or absence oflarge K-feldspar
phenocrysts. Where the contact is a solid line on the map it is probably real. However, in most places the
contact is a dashed line. In these areas it is not clear if the unit intrudes the metarhyolite or if it grades
into it. If this unit is related to map units Xg and Xgm then it is much younger that the metarhyolite. If it
grades into the metarhyolite then it is a different granite than map units Xg and Xgm and is the same age
as the metarhyolite.
Diorite (map unit Xd)
This intermediate to mafic pluton is composed of a felsic phase near the east edge of the
map that grades into a more mafic phase in the west. The gradation is rather abrupt and occurs
close to the east edge of the map. The felsic phase is medium- to coarse-grained and contains
subhedral phenocrysts of light gray feldspar (appears to be mostly plagioclase), clear-gray quartz,
biotite, and hornblende. Biotite forms dark, felty clumps partially altered to chlorite. Hornblende
occurs as subhedral rectangular crystals up to 1 cm long, locally poikilitic, and partially altered to
chlorite. Dark brown subhedral titanite (sphene) phenocrysts up to 5 mm long are abundant and
are most obvious in the felsic phase. The mafic phase is similar to the felsic phase, but contains a
greater percentage of mafic minerals and less quartz and feldspar. The chlorite and minor epidote
give the rock a green color. This unit is very resistant and commonly forms large rounded
boulders around Buckhorn Mountain. Some slopes are smooth and grus-covered.
Powicki (1996) reported a U-Pb zircon age of 1669 ± 7 Ma (cited as Bowring, personal
communication, in his report). Unfortunately, no location for this sample was given and no other
analytical information is available. Spencer and Richard (1999) collected a sample of what they
called the Granitic rocks of Cottonwood Creek, located east of the map area near Theodore
Roosevelt Dam. They described that granite as being gradational with rocks of what they called
the Buckhorn Creek Complex, which includes the diorite in the Four Peaks quadrangle.
Preliminary, unpublished data reported by Clark Isachsen at the University of Arizona indicate a
U-Pb zircon age for this sample of 1685 ± 4 Ma.
Strong, tectonic foliation to ultramylonitic foliation is confined to narrow zones several
centimeters to meters wide, separated by wide areas that are either weakly foliated or show no
measurable foliation. This is a characteristic of plutons that have cooled substantially before being
deformed (Gapais, 1989). Exposures in the east-central portion of the map area contain a wide zone 50100 meters wide exhibiting mylonitic foliation. Locally, biotite forms a prominent lineation. The
lineation direction varies, but most lineations plunge moderately to steeply to the south and southwest.
Powicki (1996) stated that this rock was most strongly deformed adjacent to the contact with the
metasedimentary rocks. However, no such relationship was seen in this study. In fact, near the contact
southeast of Four Peaks the diorite is non-foliated and is in contact with strongly deformed quartzite of
the lower quartzite unit (map unit Xql).
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At least three different ages of dikes cut the diorite: leucocratic aplite dikes cross-cut
foliation and are themselves weakly foliated; the aplite dikes are cut by fine-grained granite dikes
(map unit Ygm?) which do not appear foliated; both of these dikes are cut by aphanitic
leucocratic dikes which are commonly pegmatitic or have pegmatitic margins (related to the
aplite, map unit Xga?). These last two dikes are also exposed to the west in the Maverick
Mountain quadrangle, where they appear to be related. The relationship between these three
different ages of dikes is beautifully exposed in the bottom of a narrow canyon (see figure 4, p.
11), near the confluence of Buckhorn Creek and Hackberry Creek just east of the study area in
the Theodore Roosevelt quadrangle (at 33° 38.95', 111° 12.5 ').
South-draining Alder Creek contains boulders of diorite containing schlieren--elongated mafic
inclusions with slightly gradational boundaries. The inclusions possess the same mineralogy as the diorite
but contain a greater percentage of mafic minerals. They are commonly between a few centimeters to about
20 centimeters long and are aligned with their long axes parallel to the foliation direction in each boulder.
Only rare schlieren were observed in actual outcrops during traverses up on the high ridges, but the
abundance of schlieren in the boulders in Alder Creek suggests a nearby source.
Probably the best locality to observe syn-kinematic intrusive features is in Baldy Canyon just over 2
miles nearly directly east of Brown's Peak (at 33° 41.20, 111° 39.60'). In the creek bed are beautiful
polished bedrock exposures showing several complex features. Foliation (S]) is parallel to a very prominent
light-dark banding, with individual bands a few centimeters to over 10 em thick. This primary banding (with
an average attitude ofN65E, 82N) resembles gneiss but phenocrysts are not highly deformed and mica
minerals are not strongly aligned. In this sense the banding more closely resembles flow foliation or
compositional layering. This wavy banding is offset locally along narrow, 1 em-wide shear zones (S2?)
spaced several tens of centimeters apart (with an average attitude ofN20E, 60E). Apparently non-foliated
aplite to leucocratic, fine-grained granitic veins up to 15 em wide cross-cut the banding (S]). These veins
have strait to undulatory margins. Interestingly, stringers branching off the main veins intrude along some of
the spaced shear zones, while nearby the same vein is broken and offset several centimeters along adjacent
shear zones. In one exposure this same vein pinches out while curving into the shear zone, then reappears
15-20 em away and curves back into its original orientation. These textures indicate that intrusion of these
veins occurred simultaneously with tectonic shearing in the spaced shear zones-in the inferred ST
direction.
The alignment of compositional banding with the primary foliation direction (S]), along with the
alignment of schlieren in boulders in Alder Creek with the primary foliation direction, suggests that the
diorite, or at least part of the diorite pluton, intruded an area that was undergoing strain. However, the
widely spaced, highly partitioned nature of the primary foliation within this unit is more characteristic of
plutons that have cooled sufficiently prior to deformation. The aplitic to leucocratic fine-grained granite
veins show that later plutonism accompanied a younger (S2) episode of deformation.
This unit appears to be gradational with rocks father east that Spencer and Richard (1999) termed
the Buckhorn Creek Crystalline Complex. Less than a mile east of the center of the map area, the diorite
appears to grade rather abruptly into highly deformed diorite gneiss (map unit Xbm of Spencer and
Richard). The dark, rather mafic gneiss is locally isoclinally folded and contains abundant biotite and
hornblende, and may be highly deformed parts of the diorite pluton. Therefore, although the diorite exposed
in the Four Peaks quadrangle is relatively homogeneous, it is probably part of a more heterogeneous
intrusive suite exposed between Four Peaks and Roosevelt Lake.
Granitic rocks of Bronco Creek (map unit Xgbc)
This rock is exposed only in the extreme southeast comer of the map area. This coarse-grained Kfeldspar porphyritic granite contains pink to gray subhedral phenocrysts ofK-feldspar 1 cm long
surrounded by a matrix of quartz, plagioclase, and about 10% biotite+homblende. Named by Spencer and
8

Richard (1999), it is not clear if this body represents a discrete pluton or grades into plutonic rocks farther
east. Spencer and Richard tentatively correlated this rock with what they called the Granitic rocks of
Cottonwood Creek. At first glance this coarse-grained rock appears unfoliated and resembles K-feldsparmegacrystic granites commonly associated with the 1.4 Ga suite of granitoids. The rock commonly forms
grus-covered slopes and exposures are poor. However, the rock is locally foliated and contains conspicuous
dark hornblende phenocrysts. Preliminary, unpublished data reported by Clark Isachsen at the University
of Arizona indicate a U-Pb zircon age for the Granitic rocks of Cottonwood Creek near Theodore
Roosevelt Dam of 1685 ± 4 Ma (sample collected by Spencer and Richard, 1999).
At first, this unit looked very similar to the felsic phase of the diorite exposed farther north (map
unit Xd). However, this granite cross-cuts the contact between the diorite and metarhyolite (map unit Xr).
The contact is sharp, though locally difficult to see due to slope wash off the steep slopes of diorite. This
unit generally forms low, subdued topography. It is unclear how far south this unit extends, but it is not
exposed south of Apache Lake.
Coarse-grained K-feldspar megacrystic granite (map unit lXg; tentatively named El Oso Granite)
This coarse-grained granite contains abundant, pink, subhedral to euhedral K-feldspar
phenocrysts, in a matrix of subhedral plagioclase, quartz, and biotite. K-feldspar crystals are locally as
long as about 3 em, but most are 2-2.5 ern long. Plagioclase phenocrysts up to 6 mm are light gray and
commonly serricitized. Biotite (about 15% of the rock) occurs as anhedral to subhedral fresh black books
2-5 mm wide. Quartz is clear-gray. This rock is exposed in the northern half of the quadrangle. It is
commonly slightly less resistant than the granite of map unit Xg. In the Brushy Basin the rock weathers
into large unbroken sheets and spheroidal boulders, as well as grus-covered hills. East of the divide it
mostly weathers into grus-covered slopes.
The unit is mostly nonfoliated, except in the east-central part of the study area. Near the contact
with diorite (map unit Xd) and metarhyolite (map unit Xr) about 2 miles east of Four Peaks, the rock is
locally strongly foliated. Aligned phenocrysts of biotite, broken and augen-shaped K-feldspar, and locally
stretched and elongated quartz define the primary foliation. The foliation strikes about N500E and dips
steeply to the northwest. The Tertiary conglomeratelbreccia exposed in the same area (map unit Tcb)
contains boulders of this granite that are much fresher than most outcrops. Veins of fine- to mediumgrained granite, resembling map unit Ygrn, cut a few of the boulders. These veins are also foliated.
This granite is relatively homogeneous, at least at the outcrop scale. Near Mud Spring in Brushy
Basin, the rock contains abundant mafic inclusions. They are typically fine- to medium-grained and range in
size between a few centimeters to 40 em or more. Many of the inclusions contain the same mineralogy as
the granite but contain a larger percentage of biotite. Some inclusions contain a light gray, almost aphanitic
matrix and biotite plus laths of hornblende. Inclusions are most abundant near Mud Spring, though other
areas ofthe pluton contain minor, widely scattered inclusions.
The age of this pluton is uncertain. Powicki (1996) differentiated two distinct plutons in the
northern part of the study area (see p. 4 of his report). He places the "Equigranular Granite" in the northeast
and west, and the "Four Peaks Granite" in the north and northwest. The granite in the north and the
'equigranular' granite in the east are almost certainly the same granite. No equigranular phase was seen
during this study. If it exists it is probably very localized. Powicki (1996) reported a U-Pb date of about 1.65
Ga for the "Equigranular Granite" (cited as Bowring, personal communication in his report). He also
reported an age of 1.48 Ga for the "Four Peaks Granite", obtained by an unspecified technique. The
locations of his samples are unknown and no other analytical information is available. During this study a
sample was collected of this granite southeast of Big Pine Flat and was submitted to Clark Isachsen at the
University of Arizona for U-Pb dating. As of this writing the sample has not yet been analyzed.
The metamorphic rocks underlying Four Peaks are surrounded by at least five different granitic
plutons. Therefore, the name "Four Peaks Granite" proposed by Powicki (1996) for the granite specifically
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northwest of Four Peaks seems inappropriate and was not adopted for this pluton (map unit YXg) in this
report. Because of previous work characterizing the pluton to the west (Skotnicki and Leighty, 1997a) and
to the north (Ferguson et al., 1998), I have been tentatively using the informal name EI Oso Granite, for the
EI Oso Road which slices across the center of the pluton from east to west. The type area for this pluton is
west of the study area, on the eastern side if the Mine Mountain quadrangle where rocks are the freshest and
best exposed.
Medium-grained granite (map unit Ygm)
This granite is mostly medium-grained and only locally coarse-grained. It contains
anhedral to subhedral phenocrysts of clear quartz, fresh biotite, light gray K-feldspar, and
plagioclase. This granite is mostly equigranular, but contains large, outsized phenocrysts ofKfeldspar and quartz commonly as large as 2 ern long. The larger quartz and K-feldspar crystals
are mostly subhedral but locally rounded and the K-feldspar is commonly zoned. Biotite is
slightly altered to hematite. The quartz in this unit is almost everywhere stained light rusty
orange from the hematite. This gives the rock a rusty orange color that is generally slightly
darker than that of the coarse-grained granite (map unit YXg) and is useful for distinguishing the
two units. This unit generally weathers into small angular blocks, rather than spheroidal
boulders. Some surfaces exhibit weak varnish.
This granite forms a small pluton south of Four Peaks and several dike-like intrusions to
the north. It also forms northeast-striking dikes that intrude the coarse-grained granite (map unit
YXg). As a whole this unit is not foliated. Only in one place, 1;4 mile east of 33° 42' 30", 111 °
17'30, was foliation seen in a dike. The east side of the stock to the south, along Alder Creek,
contains abundant angular to rounded inclusions of diorite (map unit Xd), rhyolite (map unit Xr),
and fine-grained biotite-rich granitic rocks. The inclusions are commonly 1-5 ern wide, and a few
are as large as 10 em across.
The medium-grained granite is mineralogically identical to several other small stocks and
dikes that intrude all other plutonic rocks in the southern Mazatzal Mountains. These other
bodies are exposed in an arc that stretches from at least as far southeast as the Four Peaks area,
all the way to Cave Creek about 60 km to the northeast. All exposures look very similar both
mineralogically and texturally and probably are related.
Quaternary deposits
Most of the quadrangle is steep, deeply dissected granitic slopes. These rocks weather and erode
relatively quickly and shed granule-size sands and grus that is carried away by intermittent streams.
However, a few older alluvial deposits are locally well preserved. They are best exposed in the northeast
quarter of the map. Along Bumble Bee Creek flat-lying alluvial deposits are up to 10 meters or so thick.
Here they are composed mostly of granitic grus with a large percentage of quartzite and medium-grained
granite cobbles (map unit Ygm) and small boulders. Along Rock Creek, alluvial deposits form at least three
different terrace levels. Here they are composed mostly of cobbles to boulders of quartzite, gneiss (map unit
Xslb) and medium-grained granite, all in a granite grus matrix. The large clasts form an armor that has
protected these terraces from rapid erosion. Because the rate or erosion of the underlying granitic rocks is
not precisely known, the ages assigned to the different levels are relative. The older, higher terraces contain
darker brown soil than the younger terraces and are almost certainly at least middle Pleistocene in age (map
unit Qm). The modem channels within the Holocene deposits (map unit Qy) have recently been subjected to
large floods. Plant debris was plastered 1 meter or more up along the sides of some narrow drainages. In the
far southeast comer of the map a boulder about 50 em in diameter was wedged up in the fork of a tree over 2
meters above the bottom of the drainage.
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Figure 4. Dike relationships exposed just east of the map area at 33° 38.95', 111 ° 12.5'.

Metamorphism
There were at least two separate metamorphic events at Four Peaks. The earliest was associated
with regional folding and pervasive shearing of the metasedimentary rocks. This event produced pervasive
axial-planar foliation and induced the growth of greenschist-facies metamorphic minerals. Because of the
heterogeneous nature of the sediments, certain porphyroblasts preferentially grew along bedding,
particularly in the finer-grained pelitic beds of the lower sedimentary unit (map unit XsI). This preferential
growth masks many ofthe small-scale sedimentary features but has preserved the original bedding in the
rock. The second metamorphic event was associated with intrusion of the coarse-grained granite (map unit
YXg) north of Four Peaks. Intrusion of this granite had a greater metamorphic effect than the older plutons
and produced a contact aureole in the fine-grained lower sedimentary unit. The rocks in the aureole contain
abundant coarse-grained micas and are compositionally banded, though it is not clear ifthis banding
represents relict bedding or gneissic foliation. The aureole was mapped as map unit Xslg. Curiously, the
contact aureole does not extend all of the way along the granite-sediment contact. On the eastern side
porphyroblasts in the lower sedimentary unit are smaller and bedding is more easily seen.
Very few thin-sections were made for this study. Instead, this report draws upon the work of two
previous
master's thesis; Estrada (1987) and Powicki (1996). See their reports for a much more
detailed description of the metamorphic petrology.
The lower sedimentary unit (map unit XsI) is widespread and forms the bulk of the exposures below
Four Peaks itself. These formerly fine-grained, quartz rich siltstones and fine-grained sandstones are now
phyllites and psammites. Estrada described the quartz grains in one thin-section as subangular to
subrounded and well sorted. These rocks now contain biotite, muscovite, chlorite, and locally andalusite and
sillimanite (Estrada, 1987, p. 23). The upper sedimentary unit (map unit Xsu) is very fine-grained
subangular quartz, muscovite, chlorite, and locally either cordierite or andalusite.
Powicki (1996) made a detailed petrographic analysis of the metasedimentary rocks at Four Peaks
and defined four separate metamorphic zones defined by phenocryst assemblages (see figure 19, page 52 of
his report). The zones represent increasing metamorphic grade from south to north. They are (1)
muscovite+chlorite±biotite+cordierite
or andalusite, (2) muscovite+chlorite+biotite+cordierite±andalusite,
(3) muscovite+chlorite+biotite+andalusite±cordierite,
and (4) cordierite+biotite+andalusite+sillimantite+Kfeldspar. The narrow band of rocks in the far southwest contains chlorite, muscovite, and minor amounts of
biotite. These are the lowest-grade rocks in the area. Cordierite porphyroblasts are commonly completely
replaced by fine-grained muscovite, chlorite, and biotite, and form the abundant dark spots on rock surfaces.
Andalusite porphyroblasts up to 2 em long are commonly replaced by fine-grained muscovite and are
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surrounded by rims of muscovite and chlorite. These form the lighter spots on rock surfaces. Andalusite
locally overgrows cordierite porphyroblasts. Andalusite is also common in purple phyllite beds within the
metarhyolite on the east side of the ridge southeast of Buckhorn Mountain, and in one horizon there it
occurs with a black mineral resembling tourmaline. Powicki also observed that the micaceous aggregates
commonly preserve the pseudohexagonal shape of the cordierite crystals
Unlike the older plutons, the coarse-grained granite in the north (map unit YXg) intruded the
metasediments and incorporated parts of them in a "digestion zone" north of Four Peaks. Roofpendants of
the lower sedimentary unit (map unit XsI) and the lower quartzite (map unit Xql) from a few meters across
to over 1 km across are surrounded by granite. The margins of the roof pendants show no obvious baked or
alteration zone. Instead, all of the pendants are rather uniformly, gneissic. This rock (map unit Xqlg)
contains both biotite-schist and compositionally layered gneiss. The gneiss displays abundant dark spots
a few millimeters wide composed of micaceous aggregates ofbiotite+muscovite+chlorite,
which Powicki
(1996) interpreted as pseudomorphs of cordierite, and light tan, anhedral andalusite porphyroblasts.
Dark-colored melanosomes contain more biotite and chlorite, and the light-colored leucosomes contain
more quartz and muscovite. Together they form thin bands 2-5 mm thick. Banding is wavy and has no
preferred orientation on scales larger than several meters. The banding superficially resembles bedding,
and may indeed be bedding, but contains abundant porphyroblasts that mask primary sedimentary
features. Locally the rock exhibits a fragmental fabric, where angular blocks of gneiss are slightly rotated
with respect to their neighbors, and the areas in between blocks are filled slightly lighter-colored
leucocratic material. The blocks contain cordierite in a matrix of euhedral K-feldspar and andalusite. The
veins contain fine-grained muscovite that Powicki interpreted to be altered fibrous sillimanite. He suggested
that this texture might have been caused by partial melting of the metasediments (anatexis) next to the
intruding granite.
Many of the cordierite and andalusite porphyroblasts contain an internal foliation that is parallel to
the foliation in the surrounding rocks. Powicki (1996) interpreted this to mean that the porphyroblasts grew
after the foliation had formed. However, the inclusion of the regional foliation is also consistent with syndeformational growth. Powicki plotted the mineral assemblages in the metasedimentary rocks on a P-T
diagram modified from Johnson and Vernon (1995) and determined that, at the time of mineral growth, the
rocks were at a pressure of about 3 kbar and heated to temperatures of between 400°C and 650°C. He
proposed that the observed variations in mineral assemblages in the metasediments from south to north
could be explained by a thermal gradient associated with the intrusion of the coarse-grained granite (map
unit YXg). For a comparison with burial temperatures and depths of other early Proterozoic rock sequences
in the state refer to Gillentine and others (1991).
Stuckless and Naeser (1972) reported an average apatite fission-track age of 50.1 ± 0.8 Ma on a
sample of coarse-grained granite they collected from along the Apache Trail (State Route 88) south of
Apache Lake, about 13 km south-southeast of Four Peaks. This 'date' indicates the age at which the apatite
crystals cooled below about 100°C. This cooling probably reflects uplift, erosion, and unroofing of the
granite. Since the granites were exposed at the surface at least by ~ 15 Ma, the Proterozoic rocks in the
southern Mazatzal Mountains must have been uplifted rather rapidly between about 50 and 15 Ma.

STRUCTURE
The early Proterozoic metamorphic rocks of the Four Peaks area form a large roof pendant between
three major granite plutons. The metamorphic rocks are folded into a doubly plunging syncline with the axis
aligned approximately N50°E. More accurately, the structure is an asymmetric, overturned, north-vergent,
doubly plunging syncline--a tilted structural basin. On a clear day this syncline can be seen vaguely from
Fountain Hills, over 30 km away to the west. Bedding (So) in these older rocks is locally highly variable, but
in general strikes approximately northeast-southwest. As mention previously, even though most of these
rocks have been subjected to greenschist- to locally lower amphibolite-facies metamorphism, primary
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sedimentary structures are visible in a great many outcrops. Bedding is best preserved in the lower and
upper quartzite units (map units Xql and Xqu, respectively), where the lack of original fine-grained
phylosilicate grains was not favorable for the growth of metamorphic minerals and the development of
obscuring axial-plane cleavage (see figures 5 and 6).
Foliations
The primary foliation (Sl) is defined by mineral alignment and/or elongation. In most of the
metamorphic rocks, including the metarhyolite, this foliation strikes dominantly northeast-southwest and
dips variably to the northwest or southeast. The foliation is primarily axial planar to the regional syncline
but is locally parallel to bedding. Powicki (1996) interpreted the bedding-parallel foliation as S, and the
axial-planar foliation as S2, but the distinction does not seem valid, and the two are probably equivalent.
Primary foliations were plotted both as great circles and as pole-to-planes and are included in figures 7 and
8.
The secondary foliation (S2) is much less developed in these rocks. Both in the metasedimentary
and metavolcanic rocks it is defined by as spaced kink-bands or crenulation cleavage. Powicki (1996)
identified this cleavage in thin-section where it is commonly defined as bent rows of mica minerals crosscutting the earlier foliation. In the metarhyolite, S2 is most strongly developed southwest of Four Peaks, at
the top of the unit near the contact with the lower sedimentary unit (map unit XsI). Here the metarhyolite is
commonly very light gray and contains few large quartz porphyroblasts (tuff?). The secondary foliation
forms prominent kink-bands whose planes dip ~60° west and are spaced several centimeters apart. Looking
north, the primary foliation is offset in a reverse, southeast direction. Not much time was spent in this area
but it is probably the best area in which to study the secondary foliation fabrics. In this study, only seven S2
measurements were made. S2 was only measured where it was obvious that it cross-cut Sl. The attitudes of
these seven measurements are plotted on the top stereonet plot in figure 9, and the poles to these planes are
plotted on the bottom of figure 11. This number is very likely not sufficient to draw any conclusions about
the nature of the secondary foliation. The poles-to-planes stereonet in figures 9 and 11 does show a crude
best-fit great circle that is normal to a fold axis that has the same strike (though nearly opposite plunge) as
the fold axis defined by the primary foliation (Sj). Figure 11 shows stereonet plots that show totals of So, S),
and S2 for the Four Peaks quadrangle.
Lineations
Lineations are defined by mineral alignment and/or elongation and probably represent stretching of
the rocks parallel to the direction of shear. In the granitic rocks, lineations are best defined by alignment of
biotite phenocrysts. In the more strongly deformed shear zones quartz is commonly elongated and feldspar
phenocrysts are commonly either broken and reduced in size or are stretched. Lineation in the metarhyolite
is defined by alignment of muscovite. Powicki (1996) interpreted the co-presence of brittle and ductile
deformation in feldspars as being caused by either deformation at temperatures around the brittle-ductile
transition in feldspars (~500°C) or by initial deformation at depth followed by continued deformation while
the rocks were uplifted to cooler levels.
The lineation directions vary considerably across the map area (see figure 10). In the western part of
the study area lineations point mostly steeply to the southeast and to a lesser extent to the northeast. In the
eastern part of the map area lineations are shallow to steep and directions vary widely. In the southeast they
mostly point shallowly to the northwest. In the northeast they mostly point to the northeast. Powicki (1996)
observed many sense-of-shear indicators in the rocks parallel to lineations and concluded that the rocks
experienced northwest-directed thrusting. The sense-of-shear indicators observed in this study (marginally
asymmetric feldspar augen) were ambiguous. Powicki's petrographic analysis of the direction of shear is
probably the most accurate available.
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Folding
As discussed, the scatter in the bedding orientations (So) do not constrain very well the attitude of
the regional fold axial plane. This is partly due to local variations and because the structure is doubly
plunging and really includes more than one fold axis. The change in strike of the axial plane of the regional
fold can easily be seen on the map. The fold is overturned and north vergent, with the axial plane dipping
about 60°-70° to the southeast (see cross-section on the map). In figure 11,291 primary foliation
measurements define a fold axis with a trend and plunge of 63 0, 110. The trend is consistent with the axial
plane measured by Powicki (1996) ofN50° E, 70° SE, and by Estrada (1987,) ofN50° E (±100), 60° (±7°)
E. However, both Estrada and Powicki calculated much steeper plunges. The difference may lie in the fact
that the fold is a doubly plunging syncline. The plunge of the hinge line changes along its path and the
calculated plunge will depend on which bedding and foliation measurements were included in the analysis.
The thickness of the lower sedimentary unit (map unit XsI) and the upper quartzite (map unit
Xqu) vary greatly between the northwest and south sides ofthe fold. Powicki (1996) calculated 240%
shortening on the southern limb. Both the top and bottom of the upper quartzite are interbedded with
phyllite. In these areas small, tight folds are common and display wavelengths and amplitudes from
centimeters up to many meters. Powicki described boudin and gash structures in the quartzite beds.
Estrada (1987) described asymmetric folds, small thrust faults, mullions, and sigmoidal, en echelon
quartz veins in quartzite beds. The tight folds, boudins, and mullions all have hinge lines or axes that are
approximately parallel to the trend of the regional syncline. Powicki found stretched and dismembered
quartzite beds and rootless folds that transposed bedding, and suggested that the southern limb of the
syncline is thinner because it underwent layer-parallel extension.
Figures 5 and 6 show great-circle and poles-to-planes stereonet plots of bedding for the different
metasedimentary units. The lower quartzite crops out in exposures of metasedimentary rocks that are
relatively thin and are closest to the intruding granites. Probably as a result, this unit shows the widest
variation of bedding attitudes. Bedding orientations in the lower quartzite in pendants in the digestion zone
are nearly random. Bedding attitudes in the upper quartzite (map unit Xqu) show a wide variation because
this rock is near the center of the doubly plunging syncline. Figure 11 shows the poles to planes of So, S],
and S2 for all ofthe metasedimentary units combined. The great circles in these plots are cylindrical best-fits
and represent the plane normal to a regional fold axis. The upper plot of So shows a rather wide scatter of
poles to bedding planes. As a result, the trend and plunge of the fold axis is not well constrained. As can be
seen from the scatter, the great circle in the upper plot can be drawn with several possible orientations.
The younger coarse-grained granite (map unit YXg) assimilated some ofthe metasedimentary rocks
and left others as roof pendants. However, plutons Xg and Xd locally follow the lower contact of the lower
quartzite (map unit Xql). Why didn't these plutons also assimilate and digest the lower sedimentary unit
(map unit XsI) as did YXg? It is possible the more resistant quartzite beds acted as a barrier to the rising
magmas, but the quartzite was no barrier to YXg. Were the plutons intruded at different temperatures and
did their temperatures have an affect on how they intruded the older rocks? Southeast of Alder Saddle the
diorite (map unit Xd) forms an embayment in the metasedimentary rocks where the lower quartzite forms a
tight bend. Rather than cutting across the lower quartzite the diorite instead follows close to the base of the
unit. Did the intruding diorite create the embayment and sharp bend in the quartzite or was the bend already
there and the diorite simply incorporated rocks stratigraphically below until it reached the quartzite?
Because the metasedimentary rocks here are strongly deformed and the diorite is not, the latter explanation
seems more plausible. The shear-zone tectonite is not really a tectonite. It is most deformed where Xql is
steeply tilted and wraps around phyllite southeast of Four Peaks, but is not deformed at all south and
southwest of Four Peaks.
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Faulting
Only one relatively major fault was found during this study. It strikes northeast and cuts through
granitic rocks on the west side of the quadrangle. The direction and amount of offset is unknown. It is
defined mostly by a small, east-facing slope and vegetation lineation. Another fault in the northeast comer
of the map strikes nearly east-west. It is probably a high-angle normal fault that drops Tertiary
conglomerates down on south against granite on the north. North of this fault the northwest-striking contact
between tilted Tertiary conglomerates and granite in the far northeast comer of the map was originally
interpreted as a fault. However, Ferguson and others (1998) showed that the dip of these sediments farther
north in the Tonto Basin quadrangle paralleled the contact, indicating the contact is depositional, not
structural.
Estrada (1987) identified two large, linear breccia zones in the upper quartzite unit. They are
oriented N45°W, 70 S and N35°E, 59°E and converge at the amethyst mine. The breccias cut across a few
quartzite beds but die out and apparently do not show much displacement.
0

TIMING OF DEFORMATION
Powicki (1996) proposed a model for deformation in the Four Peaks area. He proposed that the
early Proterozoic rocks were folded and foliated in a single, 'polyphase' deformation event associated with
the Mazatzal orogeny. In his 4-step model (1) a bedding-parallel foliation (S]) was developed by early
compression followed by (2) folding and north-vergence of the syncline and development of an axial-plane
foliation (S2), followed by (3) the inception of a 'crustal-scale' shear zone that thrust rocks in the south over
the folded metasedimentary rocks to the north and created a foliation parallel to the attitude of the shear
zone (S3), which was then followed by a period of tectonic quiescence. His last step (4) involved the
formation of a crenulation cleavage associated with intrusion of the 1.48-Ga coarse-grained granite (his
"Four Peaks granite", my map unit YXg).
There are several flaws with this model. The intensely deformed quartz-rich zone at the contact
between the metasediments and the diorite (map unit Xd), that he identified as the "shear zone tectonite", is
actually strongly fractured and sheared lower quartzite (map unit Xql) and locally metarhyolite (map unit
Xr). These deformed metasediments are localized to a small area southeast of Four Peaks. The diorite
adjacent to these rocks is only weakly foliated to non-foliated. The "tectonite" becomes less deformed along
strike to the southwest where it shows overturned cross-bedding and is clearly in depositional contact with
the underlying rhyolite. With these new observations, there is no compelling evidence for the existence of a
large shear zone south of Four Peaks. Powicki's S3 foliation is parallel to bedding. He interprets this
bedding-parallel foliation as a composite of S] and S3 foliations, but this interpretation seems more
dependent on his shear-zone model than on observations. S] and S3 are probably the same foliation created
during the same deformation episode. He defines S4 foliations as a crenulation foliation associated with
intrusion of the 1.48 Ga granite. There is no evidence that the older granite plutons induced a similar
crenulation cleavage in the metamorphic rocks. The S4 foliation is probably equivalent to S2 in this study.
Both Estrada (1987) and Powicki (1996) suggested that the early Proterozoic rocks at Four Peaks
were deformed in the hinterland of the Mazatzal orogeny. Northwest-vergence of folds in the Four Peaks
area is similar to northwest-directed thrusting in the northern Mazatzal Mountains. The overall ductile style
of deformation, the prevalence of greenschist facies metamorphism, and profusion of granite plutons around
Four Peaks suggested that the metasedimentary rocks near Four Peaks were buried and metamorphosed at
deeper levels during the compression event that caused brittle, more shallow thrusting to the north. There
are two constraints on this model. Powicki reported a UlPb zircon age of 1.65 Ga from what he calls
"equigranular granite". He shows two such bodies, one east and the other west of Four Peaks.
Unfortunately, this date is reported only as "Bowring, personal comm.", and no analytical nor location
information is given. During this study these two bodies were mapped as separate, unrelated plutons. Both
of these plutons are K-feldspar-porphyritic and coarse-grained. Powicki states that the 'shear zone' cuts this
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1.65 granite. Both of the currently mapped plutons are locally foliated but neither is cut by a major shear
zone. Regardless of the composition of the rocks, if one of the granites has an age of 1.65 Ga, and the age is
reliable, then it was deformed sometime after 1.65 Ga. While this sets a lower limit on the age of
deformation of the granite it does not constrain the age of deformation of the metasedimentary rocks.
The upper limit on the age of deformation is bracketed by a UlPb zircon age of ~ 1.66 Ga from
"undeformed granitic dikes" cross-cutting the shear zone (Powicki, 1996, p. 44). No analytical nor location
information is available for this date and it also is reported simply as "Bowring, personal comm." Powicki
(1996) also states that granitic dikes intrude the' shear zone tectonite' and are themselves highly deformed.
It is not clear if the highly deformed granitic dikes and the undeformed granitic dikes are the same or
different. During this study at least two and possibly three generations of granitic dikes and veins were
identified (see figure 4). Only one generation occurred in dikes large enough to map (map unit Ygm), but all
were rather leucocratic and fine- to medium-grained. Map unit Ygm intrudes the coarse-grained granite
(map unit YXg) which Powicki (1996) apparently dated at 1.48 Ga. Therefore, the Ygm dikes are younger
and were probably not the same dikes dated at 1.66 Ga. The older veins identified in this study were at least
locally deformed. They did not exhibit a strong foliation, probably because they lack abundant micas, but
they are commonly contorted. It should be noted that not many of these granitic veins were seen except in
the bottoms of bedrock gullies mostly within the diorite. It is possible there are unrecognized undeformed
veins in other areas. Therefore, the age of 1.65 Ga on an 'undeformed' granitic dike should be taken with
caution.
Although the northwest compression direction for rocks in the Four Peaks area is consistent with
the northwest compression direction for Mazatzal-age rocks in the northern Mazatzal Mountains, it is also
consistent with the northwest compression direction for many early Proterozoic rocks deformed during the
earlier Yavapai orogeny (P. Anderson, 1989). If the 1.65 Ga date really is from an undeformed granitic dike
then that may provide a constraint on the upper limit of the age of deformation. However, in the eastern part
of the map area, the coarse-grained granite (map unit YXg) is locally strongly foliated. If the age of 1.48 Ga
(Powicki, 1996) is from this unit then the granite was deformed after 1.48 Ga. The even younger granite
(map unit Y gm) is nonfoliated, except in only one locality, in at least one dike I/; mile east of 330 42' 30",
1110 17'30. Since foliation (SI) in the granite is parallel to the regional trend of primary foliation in the
early Proterozoic rocks, this raises the possibility that the foliation in the early Proterozoic rocks may not be
all early Proterozoic in age. A similar relationship has been observed in and around other 1.4 Ga granites in
the southwestern United States (Nyman et aI., 1994; this author's unpublished work). Without further
evidence it is uncertain whether the early Proterozoic metamorphic rocks were folded during the Yavapai
orogeny or the Mazatzal orogeny. It is likewise not clear how much of the deformation was created during
the later 1.4 Ga 'orogeny'.
POSSIBLE CORRELATIONS
Previous authors have gone into great detail about the possible correlations between early
Proterozoic metamorphic rocks in central Arizona and this report is too short to do justice to their work
(Wilson, 1939; Gastil, 1958; Conway, 1976; Travena, 1979, Estrada, 1979; Conway and Wrucke, 1986;
Puls, 1986; P. Anderson, 1989, and others). The reader should be aware that there is still considerable
uncertainty in these correlations. Most correlations are based on lithologic similarities between complete
and not so complete stratigraphic sections that are commonly separated by great distances and/or early
Proterozoic shear zones (P. Anderson, 1989). Over great distances one would expect to see lateral facies
changes. Though many exposures never reached the upper greenschist metamorphic facies and are
remarkably well-preserved, many exposures have been buried and/or intruded by hot plutons to the extent
that the original sedimentary and volcanic textures have been overprinted by a metamorphic fabric. These
metamorphic overprints have made identification of the actual rock type difficult, not to mention its
correlation to other rocks. In this light, the correlation of the early Proterozoic metamorphic rocks at Four
16

Peaks with other sequences should be viewed with some caution at present. As previous workers pointed
out, the Four Peaks sequence is similar to Mazatzal-age strata exposed in the northern Mazatzal Mountains.
The sequence is also similar to parts ofthe Houden Formation of the Alder Group (Gastil, 1958) exposed to
the east and to rocks in the McDowell Mountains (Skotnicki, 1995 and 1996) and Phoenix Mountains to the
west (Thorpe, 1980). The folded, deformed nature of the rocks at Four Peaks is consistent with the style of
deformation that occurred in both the 1.7 Ga Yavapai orogeny and the 1.65 Ga Mazatzal orogeny (Roller,
1987; Karlstrom and Bowring, 1991; Wessels and Karlstrom, 1991). Also, as stated earlier, foliation in the
probable 1.48 Ga granite northeast of Four Peaks indicates that this style of deformation continued into the
middle Proterozoic as well.
It should be pointed out that the upper constraint on the age of the Mazatzal orogeny in central
Arizona is a U/Pb zircon date of 1630 ± 15 Ma from the Young Granite (Silver and others, 1986)
exposed in the Sierra Ancha to the northeast. Labrenz and Karlstrom, (1991) described this granite as
'post-deformational'
or nearly so. They stated that most of the pluton appears to be nonfoliated, although
some dikes near the margins are folded, it contains aligned granodioritic enclaves, and isolated outcrops
of granite near the margins exhibit foliation parallel to the regional foliation. Work by myself in the
Young area during the last two years (in press) has revealed that a portion of the Young Granite south of
the town of Young is also foliated. The foliation is not obvious because it is defined by alignment of
micas, which are not very abundant. Clearly, however, the pluton has not been as extensively deformed
as the early Proterozoic rocks. Labrenz and Karlstrom, (1991) examined deformation structures in early
Proterozoic metamorphic rocks near Marsh Creek, northwest of Young. The northeast plunging folds and
high-angle reverse faults bounded by intense, but similar, deformation in the Slate Creek shear zone were
similar to deformation features seen in the Mazatzal Mountains. Because the weakly deformed ca. 1630
Ga Young Granite cross-cuts these fabrics, they interpreted the deformation features to have formed
during the Mazatzal orogeny. However, as with the rocks at Four peaks, the northwest-vergent
compressional features are also consistent with features created during the older Yavapai orogeny. Since
a northeast-striking foliation also cuts some younger 1.4 Ga granites in Arizona, some foliation in the
Young Granite may even be as young as ~ 1.4 Ga. Therefore, although the age on the Young Granite
constrains the age of major deformation in the early Proterozoic rocks to prior to ~ 1630 Ga, it does not
necessarily mean that all of the observed deformation occurred during the ca. 1.65 Mazatzal orogeny.
MINERALIZATION
Amethyst Mine: Lowell and Rybicky (1976) published a short report about the amethyst
mineralization at Four Peaks. Jim McDaniels discovered the amethyst deposit in the early 1900's but it was
not until 1942 that a mining claim was patented. Mineralization fills the areas between brecciated quartzite
in 'fault zones' on the southwest side of Four peaks. Alternating concentric rings of colorless quartz,
hematite, and amethyst surround the quartzite fragments. Locally, this mineralization was later altered and
partially dissolved, followed by more quartz growth. Quartz is locally clear, smoky, or purple and contains
inclusions of hematite and/or fluorapatite. Locally, fluorapatite commonly coats the amethyst termination
"while the other termination displays multiple, small, parallel terminations which are brilliant and smoky."
(Lowell and Rybicky, 1976). The fluorapatite crystals are fairly regular in shape and measure about 1 mm
long by 0.1 mm wide. Remaining voids were filled with fine-grained hematite and sericite. Rhombohedral
faces on quartz crystals are commonly well developed whereas prism faces are not. Crystals commonly
range between 1" to 3" and are subhedral to euhedral.
Dark purple amethyst also occurs in thin zones less than 1 meter thick that are parallel to strike of
the bedding but slightly discordant. Amethyst occurs both as vertical, pillar-like crystal growths and as
individual crystal aggregates containing subhedral to anhedral crystals. Some individual subhedral crystals
in these areas reach 5-10 em long. Quartz is intimately associated and surrounded by granular, fine-grained
hematite and sericite.
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Estrada (1987) identified two linear breccia zones cutting the upper quartzite oriented N45°Wo,
0
70 S and N35°E, 59°E that converge at the amethyst mine. He describes these breccias as composed of
randomly oriented, elongate quartzite fragments ranging from 1 to 30 em long that are separated from
neighboring fragments by a siliceous matrix.
Lowell and Rybicky (1976) surmised that the mineralization was deposited by low-temperature
hydrothermal fluids rising up through the zones of breccia in the quartzite. They speculated that the fluids
originated from the younger granitic magmas.
Adits south of Soldier Camp: Just over 1 mile directly south of Soldier Camp, pits and small adits
are dug into a 2 meter-wide quartz vein with an attitude ofN700E, 65°W. This quartz vein intrudes a minor
fault with the same attitude. Pits were dug into fractures and small faults in the granite (map unit Xg)
adjacent to the quartz vein, that have attitudes ofN75°-800E, 65°-800W. Some surfaces are coated with
hematite. Small quartz veins a few millimeters to a few centimeters wide infiltrate the granite near the main
vein. No other mineralization was seen.
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equal-area plots on (SI) foliation planes in the Four
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27

UNIT DESCRIPTIONS
FOR THE FOUR PEAKS 7.5' QUADRANGLE
AZGS OFR-00-15

Quaternary

Surficial Deposits

Qy

Holocene alluvium «10 ka). Unconsolidated sand to small boulders reaching several
tens of centimeters in diameter upstream but smaller and fewer downstream. Qy soils are
characterized by stratified, poorly to moderately sorted sands, gravels and cobbles
frequently mantled by sandy loam sediment. On the surface the main channel commonly
diverges into braided channels. Locally exhibits bar and swale topography, the bars
being typically more vegetated. Soil development is relatively weak with only slight
texturally or structurally modified B horizons and slight calcification (Stage I). Some of
the older Qy soils may contain weakly developed argillic horizons. Because surface soils
have little clay or calcium carbonate, Qy deposits have relatively high permeability and
porosity. In Bumblebee Creek and Alder Creek these deposits are dissected between 1-3
meters where a narrow inner gully has incised the broader fan-like deposits. In the upper
reaches of Baldy Canyon this unit is dissected 2-3 meters locally, but where the creek
broadens entrenchment is only about 1 meter.

Qyl

Holocene and Late Pleistocene alluvium, undivided.

QI

Late Pleistocene alluvium (~10 to 250 ka). Moderately sorted, clast-supported
sandstones and conglomerates containing subangular to subrounded locally derived
clasts in a grussy and sandy tan to brown matrix. QI surfaces are moderately incised by
stream channels but still contain constructional, relatively flat, interfluvial surfaces. QI
soils typically have moderately clay-rich, tan to red-brown argillic horizons. They
contain some pedogenic clay and some calcium carbonate, resulting in moderate
infiltration rates. Thus, these surfaces favor plants that draw moisture from near the
surface. QI soils typically have stage II calcium carbonate development.

Qm

Middle Pleistocene alluvium (~250 to 750 ka). Moderately to poorly sorted, clastsupported sandstones and conglomerates containing subangular to subrounded pebbles to
boulders of quartzite and other locally derived rocks. Argillic horizons are weak to
strong. Argillic horizons are strongly developed where original depositional surfaces are
well-preserved, but are much weaker or nonexistent on ridge slopes. Clasts are slightly to
moderately varnished. The unit is deeply dissected and ravines reveal relatively thin
deposits, from 2 to 5 meters thick, but slopes are almost everywhere mantled by an
obscuring lag gravel. In the northeast comer of the map along Bumblebee Creek these
deposits are as much as 10 meters thick and overlie an irregular erosional surface in the
underlying older conglomerate (map unit Tco) and granite (map unit YXg). Here the
deposits contain mostly fine- to medium-bedded coarse granite grus-rich sandstone with
less abundant angular to subrounded cobble-size clasts of Xgm, Y gm, and purple
quartzite.
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Qo

Early Pleistocene alluvium (~750 ka to 2 Ma). Contains poorly sorted, subangular to
subrounded gravel- to boulder-size clasts of quartzite, granitic rocks, and minor
gneissically banded metamorphosed sedimentary rocks (map unit Xsl). Clasts exhibit
weak to moderate varnish. Exposed only as small remnants at the south end of Long
Canyon in the south and along Baldy Creek.

Tertiary Sedimentary Rocks
Tsy

Younger conglomerate (middle to late Tertiary). Tan-colored, moderately to poorly
sorted, clast-supported sandstone and conglomerate. Finer-grained silt, sand, and pebbles
are composed mostly of subangular granitic grus. Where exposed along the southern
margin of the quadrangle, the unit contains abundant cobble- to boulder-size clasts of
purple quartz and quartzite, metaconglomerate, dark purple fine-grained quartzite that
resembles the Pioneer Formation, tan-colored argillite that resembles the Dripping
Spring Formation, and a hypabyssal (?) rock that resembles map unit Xgm. Curiously
these deposits contain almost no clasts of the younger medium-grained granite (map unit
Ygm), even though there is a large exposure of it less than a quarter mile to the north.
This unit overlies middle Miocene tuffaceous rocks associated with the SuperstitionSuperior volcanic field to the south.

Tco

Older Conglomerate (middle Tertiary). This unit is mostly thin- to medium-bedded,
coarse grussy sandstone. It contains angular to subrounded, cobble-size clasts of
metarhyolite (map unit Xr), medium-grained granite (map unit Y gm), and purple
quartzite. Quartzite clasts are not abundant in exposures (which are rare) but purple
quartzite and purple arkosic metaconglomerate cobbles to boulders mantle the surface.
Exposures are light tan. Forms smooth, rounded hills in the northeast comer of the map.
This unit was mapped separately from the younger conglomerate because it is at least
locally tilted.

Tcb

Conglomerate and breccia (middle Tertiary). The bottom part of this unit is composed
of weakly bedded, moderately to poorly sorted deposits that resemble debris flows. The
deposits contain angular to subrounded clasts of meta rhyolite (map unit Xr) from pebbles
to rare boulders, and less abundant clasts of diorite (map unit Xd) and subrounded to
rounded boulders of purple quartzite and sandy conglomerate, all in a tan sandy matrix.
Most of the unit above the lower part contains very poorly sorted, subangular to
subrounded pebbles to boulders (up to 3 meters) of foliated coarse-grained granite (map
unit Y g), in a sandy, non-bedded matrix. The uppermost ridges are capped with a lag
containing all the clasts mentioned as well as boulders of purple quartzite.

Tt

Tuff (Miocene). Unwelded, bedded lapilli tuff. This unit contains bedded tuff, lapilli
tuff, and tuff-breccia underlying the younger conglomerate (map unit Tsy) along the
southern margin of the study area. Beds vary from a few centimeters to several meters in
thickness. The unit consists primarily of ash-flow tuff, ash-fall tuff, and surge deposits.
This unit is probably associated with the Miocene rhyolite lavas mapped by Gilbert and
Ferguson (1997) to the south in the Horse Mesa Dam quadrangle (their map unit Tr).
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Middle Proterozoic

Intrusive

Rocks

Ygm

Medium- to fine-grained granite (middle Proterozoic). Contains anhedral to
subhedral phenocrysts of clear quartz, fresh biotite, light gray K-feldspar, and
plagioclase. This granite is mostly equigranular, but contains large, outsized phenocrysts
ofK-feldspar and quartz commonly as large as 2 ern long. The larger quartz and Kfeldspar crystals are mostly subhedral but locally rounded and the K-feldspar is
commonly zoned. Biotite is slightly altered to hematite. The quartz in this unit is almost
everywhere stained light rusty orange from the hematite. This gives the rock a rusty
orange color which is generally slightly darker than that of the coarse-grained granite
(map unit Y g) and is useful for distinguishing the two units. This unit generally weathers
into small angular blocks, rather than spheroidal boulders. Some surfaces exhibit weak
varnish. Forms a small pluton south of Four Peaks and dike-like intrusions to the north.
The stock to the south contains abundant angular to rounded inclusions of diorite (map
unit Xd), rhyolite (map unit Xr), and fine-grained biotite-rich granitic rocks.

Yi

Quartz-feldspar
porphyry dikes (middle Proterozoic). These nonfoliated dikes
contain abundant subhedral to euhedral phenocrysts of clear-gray quartz 1-3 mm wide,
light gray K-feldspar 2-10 mm long, and minor biotite 1-4 mm long, all in a light pink to
tan aphanitic matrix. These dikes are only exposed near the upper reaches of Baldy
Canyon, about 2 miles directly east of Four peaks, where they form light gray, resistant
ridges.

Yq

Pegmatitic vein quartz (middle Proterozoic). Near Mud Springs one small sub-circular
exposure of white, pegmatitic vein quartz intrudes quartz monzonite (map unit Xg). The
feature is 4-5 meters across and contains within it zones of coarse-grained, intergrown,
pink K-feldspar crystals. The feature has been mined and has small prospect pits. This
unit is similar to more extensive vein quartz intrusions to the west in the Maverick
Mountain quadrangle.

Early to Middle Proterozoic

Intrusive

Rocks

YXg

Coarse-grained
granite (middle Proterozoic). This granite is given the informal-name
of EI Oso Granite for the EI Oso Road which bisects the pluton. This coarse-grained
granite contains abundant, pink, subhedral to euhedral K-feldspar phenocrysts, in a
matrix of subhedral plagioclase, quartz, and biotite. K-feldspar crystals are locally as
long as about 3 em, but most are 2-2.5 em long. Plagioclase phenocrysts up to 6 mm are
light gray and commonly sericitized. Biotite (about 15% of the rock) occurs as anhedral
to subhedral fresh black books 2-5 mm wide. Quartz is clear-gray. This rock is slightly
less resistant than the granite of map unit Xg. In the Brushy Basin the rock weathers into
large unbroken sheets and spheroidal boulders, as well as grus-covered hills. East of the
divide it mostly weathers into grus-covered slopes. The unit is mostly nonfoliated, except
near the contact with diorite (map unit Xd) about 2 miles east of Four Peaks.

Xg

Granite (early to middle Proterozoic). This granite is given the informal name Beeline
Granite after for excellent exposures along the Beeline Highway to the west. Foliated,
coarse-grained, K-feldspar porphyritic granite. Contains anhedral to subhedral, light gray
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to locally pink, square equant K-feldspar phenocrysts, which are nowhere larger than
1.5-2 em across. Light gray plagioclase and clear-gray quartz are 2-8 mm wide. Biotite
occurs as felty clumps and is locally altered to chlorite. This unit forms most of the mass
of the southwestern Mazatzal Mountains south of Boulder Mountain to the northwest.
The rock forms light gray rounded boulders in the north and rusty orange crumbly
outcrops in the south. West of Four Peaks the unit contains abundant joints that strike
north-northeast and dip about 70° west. This unit was originally called quartz monzonite
by Skotnicki and Leighty (1997a), but point counts by Jon Spencer in Isachsen and
others (1999) show it to be a granite according to Strechisen's (1976) classification
scheme.
Xgm

Foliated medium-grained
granite (early to middle Proterozoic). Equigranular,
medium- and locally coarse-grained granite. Contains light gray to pink subhedral to
anhedral K-feldspar, light gray plagioclase, cloudy-gray quartz, and 1-5% biotite. Many
areas, particularly east and south of Four Peaks Spring No.1 and in the southern part of
the study area, have an almost aphanitic matrix surrounding conspicuous, light pink,
subhedral feldspar phenocrysts. West of Four Peaks this rock grades into coarse-grained
granite (map unit Xg). This unit probably represents hypabyssal portions of the pluton
comprised of both Xg and Xgm. The rock commonly breaks into angular fragments, not
rounded boulders. Weathers rusty-tan. This unit is equivalent to Xgm mapped in the
Mine Mountain quadrangle to the west (Skotnicki and Leighty, 1997).

Xgr

Granitoid transitional between map unit Xg and Xgm (early to middle Proterozoic).
This rock has characteristics of both map units Xg an Xgm. Locally, in places near the
southern margin of the quadrangle, the rock is coarse-grained and porphyritic, with light
gray to pink K-feldspar phenocrysts up to about 1 em wide. The coarsest-grained
exposures are those closest to map unit Y gm. Here the rock is clearly holocrystalline.
Southward, though, over a distance of about Y4 mile, the K-feldspar phenocrysts become
smaller and the matrix becomes fine-grained and nearly aphanitic. This unit is interpreted
to be the transition from coarse-grained granite (map unit Xg) through medium-grained
granite (map unit Xgm) to rhyolite (map unit Xr), where Xg and Xgm are the magmatic
sources of the rhyolite lavas. The sharp contact between this unit and Xr may indicate
map unit Xgr has locally intruded its own lavas.

Xga

Aplitic granite (early Proterozoic). This fine-grained felsic rock contains phenocrysts
of anhedral to subhedral pink K-feldspar and gray quartz 1-2 mm wide. Contains very
minor biotite. The rock is very difficult to break. Weathered surfaces are dark pink to
orange and break into angular pieces. Fresh surfaces are dark pink and glassy, breaking
with almost concoidal fractures. This rock is exposed in the southeast comer of the map
area where it forms a long, dike-like band intruding diorite (map unit Xd). Where
observed, contacts with the diorite are sharp.

Xgbc

Granitic rocks in Bronco Creek (early Proterozoic). This coarse-grained K-feldspar
porphyritic granite contains pink to gray subhedral phenocrysts ofK-feldspar 1 em long
surrounded by a matrix of quartz, plagioclase, and about 10% biotite+hornblende.
Outcrops are crumbly and mostly covered with a regolith. Where visible the rock either
contains variable amounts of hornblende or there is another, more felsic phase. Biotite is
commonly slightly altered to hematite, and gives the rock a rusty spotted appearance. At
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first glance this rock looks very similar to the more felsic varieties of diorite (map unit
Xd). The hematite and grussy regolith of Xgbc help to distinguish it from the former.
This unit is locally foliated, though measuring foliation on crumbly exposures is
difficult. The unit is in sharp contact with rhyolite (map unit Xr) and diorite (map unit
Xd) where it cross-cuts the contact between those two units. Fine-grained, pale orange
leucocratic dikes are abundant and may be map unit Ygm. Spencer and Richard (1999)
identified this unit in the southwest comer of the Theodore Roosevelt quadrangle where
it apparently is exposed in an area of only about 1 mi '.
Xgb

Diorite-gabbro
phase of Granitic rocks in the Mills Canyon area (early to middle
Proterozoic). [name from Spencer and Richard, 1999] This medium- to locally coarsegrained, equigranular mafic intrusive rock contains about 50-60% subhedral plagioclase
phenocrysts and about 40-50% dark green, subhedral hornblende phenocrysts, both 2-7
mm wide. The only outcrop of this unit is exposed on the eastern edge of the map where
if forms a small oval body within the slightly more felsic variety of map unit Xd. The
contact is sharp, but the rock looks almost identical to the mafic variety of the diorite
exposed at Buckhorn Mountain. Spencer and Richard (1999) identified this unit to the
east in the Theodore Roosevelt quadrangle.

Xgc

Coarse-grained
granite (early to middle Proterozoic). This coarse-grained granite
contains subhedral K-feldspar 5-10 mm long, clear-gray quartz, light gray plagioclase,
and abundant biotite. The rock is weakly to strongly foliated. Locally, the foliation is
defined by alignment of biotite phenocrysts. Locally, K-feldspar phenocrysts are
deformed into augens. Exposed as a small pod within Xd west of Buckhorn Mountain.

Xd

Diorite (early to middle Proterozoic). This rock is composed of a felsic phase near the
east edge of the map that grades into a more mafic phase in the west. The felsic phase is
medium- to coarse-grained and contains subhedral phenocrysts of light gray feldspar
(appears to be mostly plagioclase), clear-gray quartz, biotite, and hornblende. Biotite
forms dark felty clumps partially altered to chlorite. Hornblende occurs as subhedral
rectangular crystals up to 1 em long that are locally poikilitic. Dark brown subhedral
titanite (sphene) phenocrysts up to 5 mm long are abundant. The mafic phase is similar
to the felsic phase, but contains a greater percentage of mafic minerals and less quartz
and feldspar. This unit is very resistant and commonly forms large rounded boulders
around Buckhorn Mountain. Some slopes are smooth and grus-covered. The rock is
pervasively foliated, but the strongest foliation is commonly confined to narrow zones
several centimeters to meters wide. Exposures in the northeast contain a wide zone 50100 meters wide where the rock is deformed into a mylonite. Other mylonitic zones are
common but are generally confined to very narrow zones, surrounded by less deformed
rock. Locally, biotite forms a prominent lineation. At least three different ages of dikes
cut the diorite: leucocratic aplite dikes cross-cut foliation and are themselves weakly
foliated; the aplite dikes are cut by fine-grained granite dikes (map unit Y gm?) which do
not appear foliated; both of these dikes are cut by aphanitic leucocratic dikes which are
commonly pegmatitic or have pegmatitic margins. These last two dikes are also exposed
to the west in the Maverick Mountain quadrangle, where they appear to be related.
Spencer and Richard (1999) included this rock in their Buckhorn Creek Crystalline
Complex.
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Early Proterozoic Metamorphic

Rocks

Xsu

Upper sedimentary unit (early Proterozoic). This unit contains dark slate, phyllite, and minor
thin-bedded quartzite. The protoliths were thinly bedded to laminated fine-grained sandstone and
siltstone. Bedding and graded beds are visible locally. the lower part of the member is
interbedded with light blue-gray quartzite beds of the upper quartzite unit (map unit Xqu). At this
gradational contact the beds are complexly folded. Powicki (1996) observed quartz, muscovite,
chlorite, and feldspar in the fine-grained sandstones, and graphite, chlorite, quartz, and ironoxides in the slate. Dark spots in the phyllite are probably pseudomorphs of cordierite replaced
by aggregates of quartz, chlorite, muscovite, and biotite (Powicki, 1996). This unit is only
exposed in a small structural basin immediately to the east of Four Peaks.

Xqu

Upper quartzite (early Proterozoic). Blue-gray to tan and light purple, fine- to coarsegrained quartzite. Locally fine-grained (though mostly recrystallized) and contains thin
iron-oxide laminations. Thin to medium bedding is distinct and ranges in thickness from
a few centimeters to about 2 meters thick. Cross-bedding is abundant. The rock is mostly
recrystallized, consisting of coarse-grained intergrown quartz crystals. Contains minor
metamorphic muscovite. Locally the unit contains light gray, radiating mica crystals
(pyrophyllite?), black tourmaline, rectangular hematite crystals up to about 3 mm wide,
and rare red garnet. The unit is very competent and resistant and forms the precipitous
peaks of Four Peaks itself. The unit is folded into an asymmetric, north-vergent, doubly
plunging syncline. The upper and lower parts of the unit are interbedded with finegrained siltstone and it is at these locations that small-scale folding is most pronounced.

Xslg

Gneissic lower sedimentary unit (early Proterozoic). This unit contains both biotite-schist and
compositionally layered gneiss. The gneiss displays abundant dark spots a few millimeters wide
composed of micaceous aggregates ofbiotite+muscovite+chlorite,
which Powicki (1996)
interpreted as pseudomorphs of cordierite. Light tan, anhedral andalusite porphyroblasts occur
locally (Powicki, 1996). Dark-colored melanosomes contain more biotite and chlorite where as
light-colored leucosomes contain more quartz and muscovite. Together they form thin bands 2-5
mm thick. Banding is wavy and has no preferred orientation on scales larger than a few meters.
The banding superficially resembles bedding, and may be bedding, but contains abundant
porphyroblasts. Locally the rock exhibits a fragmental fabric, where angular blocks of gneiss are
slightly rotated with respect to their neighbors, and the areas in between blocks are filled slightly
lighter-colored leucocratic material. Powicki (1996) interpreted this to be a fabric formed by
partial melting of this unit (an anatexis fabric). Gneissic layering diminishes southward over a
span of 50 meters or less where it grades into sedimentary fabrics in the lower sedimentary unit
(map unit XsI) immediately northwest of Browns Peak. The protolith for his unit was the lower
sedimentary unit and was mapped separately because gneissic layering masks original
sedimentary fabrics in this unit.

Xsl

Lower sedimentary unit (early Proterozoic). This unit contains gray to gray-green phyllite,
psammite, and less abundant quartzite. The protolith for this unit was probably interbedded
siltstone, fine-grained silty sandstone, and clean quartz sandstone. Rare, gravel beds a few
centimeters thick are visible in the steep ravine west of the Amethyst mine. Powicki (1996)
observed conglomeratic beds up to 1 meter thick to the west of Four Peaks. Dark spots in phyllite
are porphyroblasts of cordierite, replaced to varying degrees by fine-grained chlorite and
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muscovite (Powicki, 1996). Visible along the trail immediately west of Browns Peak bedding,
foliation, and compositional banding are all parallel and gradational with one another. Locally,
the unit is cut by thin quartz veins and rare muscovite-granite veins. Quartzite beds are more
abundant up-section, where the unit grades into the upper quartzite unit (map unit Xqu). The unit
weathers into gray-green platy outcrops and erodes into relatively smooth slopes.
Xql

Lower quartzite (early Proterozoic). This light blue gray to light purple quartzite is very
similar to the upper quartzite unit (map unit Xqu). It is thin- to medium-bedded with beds a few
centimeters to -1 meter thick. Beds are both planar-laminated and cross-bedded, with crossbedding defined by thin, dark iron-oxide laminations. Locally, it contains minor muscovite and
chlorite. The rock is locally interbedded with thin beds of gray phyllite. Locally, fractures are
stained with hematite. The rock is mostly recrystallized. West of Four Peaks most of the unit has
been intruded by granite, though the intrusive contact appears to parallel the lower margin of the
unit. South of Four Peaks the unit pinches out southwestward. On the east side of Four Peaks the
rock is intensely fractured and locally smeared out and intimately associated with rhyolite (map
unit Xr) along foliations planes.

Xt

Tuff (early Proterozoic). This rock is mineralogically similar to the rhyolite (map unit Xr). It
contains roughly equant, 1-3 mm quartz and feldspar phenocrysts in a serricitic matrix. The rock
also contains stretched pebbles of a crystal-poor, felsic volcanic rock, indicating this was a
fragmental rock. The clasts are best seen on weathered outcrops. The felsic clasts are very similar
to crystal-poor, felsic volcanic clasts within early Proterozoic Conglomerate to the southwest at
Saguaro Lake (map unit Xc of Skotnicki and Leighty, 1997b). This unit was recognized only in
one small area about 1 mile south of Four Peaks, where it is stratigraphically at the top of the
rhyolite an below the lower quartzite (map unit Xql).

Xm

Amphibolite (early Proterozoic). This dark green rock contains stretched amphibole
crystals 2-12 mm long, and subhedral 1-2 mm-long light gray plagioclase phenocrysts, in
a green aphanitic matrix. The amphibole crystals are ovoid-shaped and locally altered to
fine-grained biotite and chlorite. If the amphiboles are primary phenocrysts then the
protolith was probably a rather coarse-grained intrusive gabbroic sill. If they are
porphyroblasts then the proto lith may have been a thin basalt flow interbedded with
rhyolite. This rock crops out only in one very small expose surrounded by rhyolite, about
1.5 miles south-southwest of Buckhom Mountain.

Xr

Rhyolite (early Proterozoic). This rock contains about 5-10% 1-3 mm quartz and
locally feldspar phenocrysts in a tan to pink aphanitic to serricitic matrix. The rock is
generally tan to pinkish tan and light gray. Foliation is prominent in this rock and
outcrops are commonly platy. On weathered outcrops roughly equant quartz phenocrysts
are conspicuous. Southwest of Four Peaks, near the contact with the lower quartzite unit
(map unit Xql) the rhyolite is light gray and locally displays prominent kink-bands (Sz)
cutting the primary foliation (S}). On the ridge, about ~ mile southwest of the exposure
of map unit Xm, the rhyolite contains former vugs or cavities that have been replace by
white, coarse-grained quartz. Looking north, these quartz-filled vugs are sigmoidal or Sshaped. In the east-central part of the map area the unit contains light gray flattened
clasts centimeters to tens of centimeters wide. Looking down on the foliation plane these
inclusions are well-rounded, but appear to be composed of the same material as the
surrounding rock. Some magnetite laminations strongly suggest that this part of the unit
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is a volcaniclastic conglomerate. Immediately southeast of the map area, exposed along
Bronco Creek less than 1 mile from Apache Lake, the rhyolite is interbedded with dark
green metaconglomerate. The metaconglomerate contains deformed clasts of rhyolite,
fine-grained sandstone, and shale, all in a fine-grained, dark green matrix.

Xrp

Rhyolite porphyry (early Proterozoic). This crystal-rich rock contains abundant
anhedral to subhedrallight gray phenocrysts ofK-feldspar 1-2 mm wide, minor biotite,
and conspicuous, milky gray, locally embayed quartz 1-7 mm wide. Both feldspar and
quartz locally occur as large phenocrysts up to 12 mm wide. The rock weathers into
blocky and rounded outcrops rather than the platy outcrops of the lighter colored rhyolite
(map unit Xr). Difficult to break. Biotite is smeared out along the foliation plane.
Exposures of this rock are generally darker-colored than exposures of map unit XL This
unit is exposed in irregularly shaped bodies within map unit XL
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