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ABSTRACT

The Fort Rock dome, in Yavapai County, Arizona, is a recently
discovered circular geological structure, two miles in diameter, which initially
aroused interest because of its similarity to an impact cmfer.' Features of the
dome that are similar to features of an impact crater include a crater-like
depression in its center underlain by brecciated Precambrian igneous and
metamorphic rocks, upturned Terﬁdry volcanic and sedimentary rocks on
its rim, radial and fangential faults, and an apron of breccia on its
flanks showing o crude inversion of the pre-breccia stratigraphy.

Studies by the writer have indicated that the structure is primarily a
volcanic dome caused by an intrusion at depth. The crater on top is
erosional in origin.

Rocks exposed in the vicinity of the Fort Rock dome range in
age from Precambrian to Quaternary. . Precambrian rocks include layered
metamorphic rocks, cataclasites, granite, granite pegmatite, and veined
rocks. These rocks are part of a broad belt of Precambrian rocks exposed
in the mountains of central Arizona along the southwestern margin of
the Colorado Plateau. Paleozoic sedimentary rocks, seen northeast of the
dome, range in age from Cambrian to Mississippian. Tertiary volcanic
rocks overlie chiefly Precambrian rocks in a large area, about 1000
square miles in extent, west and south of the dome. Numerous volcanic
centers are scattered throughout this area; the Fort Rock dome is one
relatively small center. Quaternary deposits include alluvium and

terrace deposits,



The chief structures in the region are Basin and Range faulfs.
Between the dome and Seligman, Arizona, to the northeast, north-south
normal faults with displacements of hundreds of feet form low, l’inear
ranges and broad valleys. In the Aquarius Mountains, west of the dome,
several east-west normal faults offset rocks by hundreds of feet. On the
eastern edge of Big Sandy Wash, west of the Aquarius Mountains, a
north-south fault with a displacement of 1000 feet is responsible for a
major escarpment in the Basin and Range Province that is continuous with
the Grand Wash Cliffs fo the north. Most Phanerozoic rocks in the
region are relatively flat-lying. The Fort Rock dome is an anomalous area
where Tertiary rocks are highly deformed.

Precambrian rocks on the Fort Rock dome are similar to older
Precambrian rocks at the Grand Canyon, Arizona. Layered metamorphic
rocks on the dome include amphibolite, schist, phyllonite, and gneiss.
These rocks belong to the epidote~amphibolite metamorphic facies.
Cataclasite bodies, which are present in the layered metamorphic rocks,
appear to be granite intrusions that are crushed and foliated. Granites
and granite pegmatites intrude the layered metamorphic rocks and cata-
clasites. They are also crushed but are not foliated. The Precambrian
rocks are fractured and veined in an east-west shear zone that crosses
the southern half of the dome. Veined rocks are covered by Tertiary
volcanic rocks on the rim of the crater. Veined rocks in a similar shear
zone several miles north of the dome are covered by Tapeats Sandstone, .
of Cambrian age.

Tertiary volcanic rocks -ie on a mid-Tertiary erosion surface

that covered most of northwestern Arizona and is responsible for much of



the topography seen today in this area. Volcanic rocks in the vicinity
of the Fort Rock dome comprise chiefly two formations, here given the
names Crater Pasture Formation and Fort Rock Creek Rhyodacite; the
Crater Pasture Formation is the older of the two. In addition to these
two formations, several lava flows and intrusive bodies are present which
are younger than the Fort Rock Creek Rhyodacite, including a unit herein
referred to as the basalt of Buttox Hills. Other volcanic rocks in the
region include the Peach Springs Tuff, of middle Miocene age, which
overlies the Fort Rock Creek Rhyodacite ten miles west of the dome, and
younger Mohon Mountain volcanics, south of Trout Creek.

The Crater Pasture Formation includes a series of lava flows,
agglomerates, tuffs, and associated intrusive and sedimentary rocks in
the vicinity of the Fort Rock dome. The volcanic rocks range in composi-
tion from ultramafic to intermediate. In the vicinity of the dome, eleven
chief subunits have been recognized. Reconnaissance mapping has indicated
that volcanic rocks in an extensive area west and north of the dome are of
similar age and composition and can also be included in this formation.
The subunits recognized at the dome include, from oldest to youngest
(where relative age is known), a limburgite flow, an olivine-trachyandesite
volcanic breccia and flow, a hornblende~trachybasalt flow, a pyroxene-
frcchycndesirl‘e tuff and flow, three l;lornblende—frochyandesi‘i’e flows, an olivine
and hornblende trachyandesite tuff and conglomerate, 6 sedimentary breccia,
an olivine-trachybasalt tuff and agglomerate, and an olivine-sanidine-
trachybasalt flow. Most of these rocks were erupted from vents located on

or near the periphery of the Fort Rock dome, and most are traceable for
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distances of a mile or less. The sedimentary breccia, which in this report
is referred fo as the sedimentary breccia of One OClock Wash, is a local
deposit on the flanks of the dome that consists of clasts eroded from the dome.
This unit was deposited during uplift of the dome. The youngest unit in the
formation, an olivine-sanidine-trachybasalt flow, herein referred to as the
flow of Fault Canyon, was erupted from a vent on the southwest flank of
the dome. This flow apparently came from a magma beneath the dome,
which is believed to have been responsible for the uplift.

The Fort Rock Creek Rhyodacite includes a series of ash-flow tuffs
and other massive fuffs, volcanic breccias, lava flows, and associated intru-
sive and sedimentary rocks in the Aquarius Mountains and vicinity. The
composition of the volcanic rocks of this formation is chiefly rhyodacite.
Subunits recognized are here given the names, in order from oldest to youngest,
the sedimentary breccia of Noon Gorge, the Old Stage Road Member, the
Three Sisters Butte Member, and the breccia and conglomerate of the Cross—
ing. The sedimentary breccia of Noon Gorge is a local deposit on the
flanks of the Fort Rock dome consisting chiefly of clasts eroded from the dome.
The Old Stage Road Member is a unit chiefly of non-welded ash-flow tuff
that extends throughout the Agquarius Mountains and into surrounding areas.
The Three Sisters Butte Member is a unit of interbedded volcanic breccia and
massive tuff which is found throughout the Aquarius Mountains. The breccia
and conglomerate of the Crossing is chiefly a volcanic breccia; it occurs on
the northeast flank of the Aquarius Mountains. The Old Stage Road Member,
the Three Sisters Butte Member, and the breccia and conglomerate of the

Crossing were erupted from a large rhyodacite center in the Aquarius
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Mountains located about 2-1/2 miles southwest of the Fort Rock dome.

The basalt of Buttox Hills is a local flow that overlies ash-flow
tuff on the southeast side of the dome. A dike of this unit intrudes rocks
on the dome.

Quaternary units include alluvium in washes, older alluvium on
terraces, and colluvium. Terrace deposits are exiensive east of the
Fort Rock dome. They contain abundant clasts of Paleozoic sedimentary
rocks that were derived from terrane to the north and east.

Precambrian structures on the dome include folds of different
amplitudes in the layered metamorphic rocks and an east-west shear zone
in the southern half of the dome. The shear zone, which is characterized
by fractured and veined Precambrian rocks, brings together in the dome
differing rock assemblages and also rocks of slightly differing metamorphic
grade. This shear zone appears fo be part of a major discontinuity in
Precambrian rocks that is traceable for 70 miles on an aeromagnetic map
from near Ashfork, Arizona, to the western edge of the Aquarius Mountains.
This discontinuity is associated with Tertiary normal faults and may be an
ancient sirike-slip fault zone in the Precambrian rocks.

Tertiary structures on the dome include relatively minor faults
that pre-date the uplift of the dome and the dome itself, with its
associated folds and faults. The dome is a structural dome. Its central
part is a low, quaquaversal arch, now deeply eroded. Its edge is, in most
places, a sharp monocline. Structural relief on the dome is estimated to be
about 900 feet. Dips on the steep~dipping limb of the monocline, where

it is sharp, vary from about 40° to about 90°(?) and average about 66°.
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Most faults mapped on the dome are confined to the vicinity of the
monocline, partly as a result of poor exposure and lack of structural
control in the deeply eroded central part of the dome. These faults
have chiefly radial and tangential strikes and steep dips, where attitudes
can be determined. Normal, dip-slip movement appears to have been
dominant, although radial faults may have had a sirike=slip component
of movement. Block rotations are observed along relatively long faults.
Ages of faults, where they can be defermined,‘ rlonge from the
beginning of uplift, which was signaled by deposition of the sedimentary
breccia of One OClock Wash, to after the emplacement of the ash-flow
tuff of the Fort Rock Creek Rhyodacite. Major offsets, however, appear
to be confined to the times of emplacement of the various units of
sedimenfary breccia on the flanks of the dome including the sedimentary
breccia of One OClock Wash, the sedimentary breccia of Noon Gorge,
and a basal sedimentary breccia in the Old Stage Road Member of
the Fort Rock Creek Rhyodacite. In addition to mapped faults on
the rim of the crater, abundant small faults, with displacements of
inches to tens of feet, and lenses of unmineralized, open breccia were
formed during doming. These are most ecsily seen in the Precambrian
rocks in the interior of the crater.

Units of the Crater Pasture Formation older than the Fault Canyon
flow are strongly uplifted and deformed on the dome, whereas the Fault
Canyon flow and units of the Fort Rock Creek Rhyodacite are uplifted and

deformed by much smaller amounts.



Major Tertiary structures near the dome include two westto northwest-
trending normal faults, traceable for several miles, on which movement
occurred both during and after emplacement of the Fort Rock Creek Rhyodacite.
Rocks on the southern and southwestern sides of these faults moved up during
emplacement of the Fort Rock Creek Rhyodacite but moved down in
subsequent times.

Major events in the Precambrian geologic history at the Fort Rock
dome include deposition of volcanic and sedimentary rocks, metamorphism,
intrusion of granites, probably at about 1725 million years before the present,
re-metamorphism accompanied by infrusion of granites and granite pegmatites,
probably at about 1695 million years before the present, uplift, sirike-slip(?)
faulting, which probably occurred prior to about 1400 million years before
the present, and erosion. Major pre~volcanic events in the Phanerozoic
geologic history at the dome include deposition of sedimentary rocks in
times ranging from the Cambrian to the Mississippian, uplift, and erosion,
in mid-Tertiary times,

The first major events in the Tertiary voleanic history af the dome
include the eruption of various ultramafic to intermediate flows, tuffs, and
volcdnic breccias of the Crater Pasture Formation. Subsequently, during
the intrusion of a large body of magma at some depth beneath the surface,
overlying Precambrian rocks and volcanic rocks were domed. Erosion of
the dome occurred and was coincident with eruption of volcanic rocks

south of the dome. The Fault Canyon trachybasalt flow was erupted next



on the southwest flank of the dome; it apparently came from the magma
beneath the dome. Uplift of the dome subsequently diminished and some
collapse may have occurred.

Eruption of the Fort Rock Creek Rhyodacite began at a large
center in the Aquarius Mountains southwest of the dome following extrusion
of the Fault Canyon flow. Ash flows, ash and block falls(?), and volcanic
mudflows, all of rhyodacite composition, were emplaced. Ash-flow tuff buried
most of the terrane around the Fort Rock dome. Some faulting accompanied
emplacement of the Fort Rock Creek Rhyodacite. The basalt of Buttox
Hills was later erupted on the southeast side of the dome.

Ten ‘milés east of the dome, the Peach Springs Tuff, of middle
Miocene Age, was emplaced on the western flank of the Aquarius Mountains,
The Mohon Mountain volcanics, south of Trout Creek, followed.

Late geologic history in the region includes formation of Basin
and Range faults in Miocene to Pliocene times and cutting of the present
Colorado River drainage, beginning in early to middle Pliocene times.

The deep canyons of Trout Creek and other creeks south and southwest

of the dome presumably were formed during the latter period of erosion.
At the dome, erosion led to the carving of a crater-like depression on the
dome. This depression is presently surrounded by volcanic rocks in the
steep=dipping limb of the monocline on the edge of the dome. These
rocks form a circular in-facing scarp, which is the rim of the depression.

A mathematical model of doming is developed in this report.

The Precambrian rocks underlying the Fort Rock dome are treated as a layer of
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viscous fluid, Below this layer is an inviscid magma. Intrusion of

the magma into the layer of viscous fluid is modeled by applying an
axisymmetric pressure distribution on the bottom of the layer. After

the pressure is applied, a dome is created on the surface,

This dome has a smaller amplitude than the arch created on the bottom

of the layer by the intrusion. By examining layers of different thickness,
h, relative fo the radius, a, of the applied pressure distribution, it appears
that a dome like the Fort Rock dome cannot be created unless h/a is near 1.
In addition, for a cooling time of around 10* years for the magma that
caused uplift of the Fort Rock dome, an effective viscosity for the
Precambrian rocks underlying the dome is calculated to be around

4 x 10® poises. Planes of maximum shear generated in the model are
consistent in atfitude and sense of displacement with most faults mapped

on the Fort Rock dome. Discrepancies that are observed can be explained
in several ways. The history of doming predicted by the model is consistent
with the history of doming at the Fort Rock dome. [t includes an initial
stage of accelerating uplift followed by lesser uplift or collapse upon
formation of a vent for the magma. Uplift ceases upon crystallization of

the magma.,
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The primary mineralization occurred during a period of hydration
of the surrounding metasediments, after the growth of tremolite and
before the formation of talc, Tremolite and talc formed during the
metamorphism and retrograde metamorphism of the Grenville series
near Balmat. The metamorphism is thought to have occurred about 1050
million years ago. The ore fluid successively deposited pyrite, then
galena and iron-rich sphalerite followed by pyrrhotite and chalcopyrite,
Subsequently much of the pyrrhotite was altered to marcasite. The
marcasite is thought to have formed during the deposition or remobili-
zation of anhydrite and barite, The mineralization concluded with the
deposition of iron-poor sphalerite. Recurrent microbrecciation of the
metasediments and ores can be correlated with the time sequence of
formation of the various ore minerals in various parts of the mines. The
ore fluid followed the separate zones of microbrecciation and deposited
the sulfides at nearly the temperature of the country rock, On the basis
of the space and tirme relationship between the zones of microbrecciation
and different ore minerals, 'it is inferred that the composition of the ore
fluid reaching the site of deposition of the sulfides changed with time.

The isotopic composition of lead from galena indicates that the source
of the galena is compatible with the following model - a homogenized
substratﬁm in which radiogenic lead from the decay of uranium and
thorium has been added to lead of meteoritic composition without dis-
ruption from the time of origin of the earth until the time of extraction
of the ore flluid°

A part of the pyrrhotite found in the No. 2 mine was formed in an

area containing sphalerite and pyrite. The iron content of sphalerite



(12.5 # 1 percent FeS by weight) associated with pyrrhotite and pyrite

is found to be significantly higher than in areas where sphalerite occurs
without pyrrhotite. It is inferred that in the region containing pyrr-
hotite the sphalerite became saturated with FeS at the temperature of
formation of pyrrhotite, From the estimates of others on similar areas,
the total pressure during the deposition of the ores at Balmat is assumed
to be 3+ 1 kilobars. By use of the phase diagram for the FeS-ZnS
system, the temperature of deposition of pyrrhotite is found to be 510°,

The composition of pyrrhotite was investigated by the measurement
of lattice spacings. Only one specimen of pyrrhotite was found to contain
the necessary hexagonal structure for use with published plots of lattice
spacing versus composition. By use of the phase diagram for the FeS-
FeSZ system, a temperature of formation of pyrrhotite based on one
specimen is indicated to be 340°C. The discordance in the temperature
estimate using two different geothermometers is thought to be due at
least in part to exsolution of pyrite from pyrrhotite at a temperature
lower than that of the formation of pyrrhotite.

The variation in the iron content of sphalerite associated with pyrite
is thought to be mainly due to variations in the fugacity of sulfur species
rather than changes in temperature. By use of the phase diagram of the
ZnS-FeSZ-S system, the temperature of formation of sphalerite (6-9
percent FeS by weight) associated with pyrite in the No., 2 mine is in-
dicated to be greater than 320°C, Sphalerite associated with pyrite in the
No, 3 mine contains 2-3 percent FeS by weight.

Calculations based on the partitioning of trace and minor elements

between sphalerite and pyrite give a first approximation of the tempera-
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ture at which equilibrium was approached in the No. 3 mine of 300~
350°C.

Once sphalerite acquire‘s a particular concentration of iron, itis
quite resistant to change due to following geologic events. At the
temperatures of fqrmation of the sulfides at Balmat, however, reaction
betWeen sphalerite and pyrrhotite must have been comparitively rapid,
Alternation of pyrrhotite to marcasite did not seem;éto affect the con-
centration of iron in sphalerite, Supergene mineralization of magnetite,
hematite, and chlorite leached iron from sphalerite grains, but the
leached zone is usually 0.1 millimeter thick or less and only rarely
attains a thickness of one millimeter. On the other hand, the content of
manganese in sphalerite from the zones of supergene mineralization is
much lower than sphalerite away from the zones. The concentration of
cadmium in sphalerite from both mines falls in the range 1000 to 2000
parts per million with an average value of 1400 parts per million. The

content of cadmium in sphalerite does not seem to be sensitive to tempera-

ture or accompanying mineral phases or the supergene mineralization.
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. INTRODUCTION

PURPOSE OF INVESTIGATION

The Fort Rock dome, Arizona, is a circular geological structure, two
miles in diameter, discovered from the air in the early 1960's. Many features
suggest it is of impact origin. |t has a crater-like center underlain by brecciated
Precambrian rocks, upturned volcanic flows and sedimentary rocks in its rim,
radial and tangential faults, and an apron of breccia on its flanks showing, in
many cases, a crude inversion of the pre-breccia stratigraphy. The record of
volcanic activity in and around the feature points to a different origin,
however, In 1969, the writer began a defailed study of the dome under the

auspices of the U, S. Geological Survey to determine its origin,

LOCATION, ACCESSIBILITY, AND CULTURE

Fort Rock dome is located at 35° 18' N, Lat. and 113° 18" W, Long.,
near the western boundary of Yavapai County, Arizona (fig. ). It lies imme-
diately southeast of the headquarters of Fort Rock Ranch. A gravel road, main-
tained by the county and passable to all vehicles when dry, connects Fort Rock
Ranch with Seligman, Arizona, about 30 miles to the northeast. A dirt road,
maintained by the ranch and passable by jeep, connects to the northwest with a
county road to Kingman, Arizona (pl. I). Kingman is about 50 miles west.

The dome is accessible from the north and east by a dirt road, maintained by the
ranch that extends from the ranch headquarters to Number One Well (pl. 1).

Two jeep trails extend info the interior of the dome from this road. One jeep
trail enters from the north through Noon Gorge. The other passes over Two
O'Clock Gap from Number One Well, The residence of W. Becker, owner of
the ranch, is situated on the west flank of the dome, about 0.7 miles south of

the ranch headquarters. A ranch-maintained road, passable by jeep, continues



Figure I. Index Map Showing the Location of the Fort Rock
Dome. The rectangle outlines the area of figure 3.
The inset shows the location of the index map relative

to Phoenix, Flagstaff, and the Arizona state boundaries.
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south from the owner's house for about one mile along Fort Rock Creek

before turning southwest.

A location called Fort Rock by early seffléfs’is the site of the present
Fort Rock Ranch beadquari‘ers. It was established in 1864 as a way station on
the old Beale wagon road, which was a stage route between Prescott and
Hardyville, Arizona (Rascoe, 1968, p. 54). (Hardyville is presently a ghost
town on the Colorado River near Bullhead City, Arizona.) Remnants of this
old wagon, or stage, road are still preserved os deep ruts in the white
ash-flow tuff in this area and are labeled "old stage road" on the geologic map
in this report (pl. 1). The name, Fort Rock, is not of military origin,
but stems from a stone playhouse in which the proprietors of the way station
were forced to defend themselves against a surprise attack by Hualapai Indians

in the fall of 1866 (Barnes, 1960, p. 343),

PHYSICAL FEATURES

Regional

The Fort Rock dome " is in the Mexican Highland section of the Basin
and Range physiographic province (Fenneman, [93l). The Colorado Plateau
Province lies to the north and northeast; in the area covered by figure I, it
lies roughly north of a line between the Aubrey Cliffs and the Lower Grand
Wash Cliffs. The most prominent topographic feature in the vicinity of the
dome is Cross Mountain (elev. 6463'), which is an 800-foot-high butte lying
three miles to the northeast. The rugged Aquarius Mountains lie west and
southwest of the dome. These mountains rise from an elevation of 4000 feet
on the eastern edge of Big Sandy Wash, 13 miles west of the dome, to over

6000 feet several miles southwest of the dome.
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Fort Rock Creek, which flows along the western flank of the dome, is
the only permanent stream in the cred. This stream joins Muddy Creek and
Cow Creek about 5 miles south of the dome to form Trout Creek. The area
south and southeast of the dome is, for the most part, a plateau into which
Fort Rock, Muddy, Cow, and Trout Creeks have cut deep, spectacular canyons.
Hope Mountain, 16 miles southeast of the dome, and the Mohon Mountains, 12
miles south, are prominent features rising from this plateau. The Juniper
Mountains, 20 miles east of the dome, form the eastern boundcry’ of this

plateau.

.Forf Rock Dome

Fort Rock dome is expressed topographically as a ring of ridges and hills
(fig. 2). In the center of the dome is an elevated crater-like depression
formed by erosion. The depression is divided by a drainage divide, Crater
Divide (pl. 1), into two morphologically distinct halves. The southeastern half
is a topographically low, gently undulating surface encircledby ridges. This
low surface, referred to in this report as Crater Pasture, slopes to the southeast
at a few degrees and is drained by two washes which pass through the valleys
in the ridges on its southeast side. The ridges reach maximum elevations of
about 5400 feet on the northeast and southwest sides of Crater Pasture, The
northwestern half of the depressionis broken up into @ number of basins with
intervening hills and ridges, and itis surrounded by d'semi—circuiar arrangement
of flatiron-like hills. Some of the hills in the interior of the depression
exceed the encircling flatiron-like hills in elevation. One such hill, Ten
OClock Peak, is the highest hill on the dome; it rises 450 feet to 550 feet
above outlying terrain to the northwest. The northwestern half of the depres-

sion has eight drainages which exit in radial~outward directions between the



Figure 2. Air Photograph Showing the Fort Rock

Dome and Nearby Features.
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flatiron-like hills. Elevation in the maopped area ranges from about 4760 feet

to 5450 feet.

CLIMATE, VEGETATION, AND EXPOSURE

The climate of this region is mild, and field work usually can be
conducted all year. The annual precipitation for Seligman (Green and Sellers,
1964, p. 387) is about “‘". The driest months are May and June, when
generally less than /3 inch of rain falls per month. The wettest months are
July and August, when rainfall averages 1-3/4 to 2 inches per month. A
second wet period occurs in the months of December through March when .
precipitation averages about 9/10 inch per month. The average daily tempera-
ture varies from about 36°F. in January to about 73%F. in July. The daily
temperature range varies from about 30° in January to 40° in June (Green and
Sellers, 1964, p. 387). Winds are from the southwest and show the highest
mean velocities between April and July of around I3 mvriles pér hc;ur. Winds
are sometimes strong.

Fort Rock dome is sparsely to densely forested with juniper and scattered
pinon. The trees have been uprooted to provide better pasture on Crater
Pasture and the more accessible flanks of the dome on the west, north, and
east. Prominent shrubs include shrub live oak, which is very common in areas
where larger trees have been uprooted, and cliffrose, or "quinine-bush."
Cliffrose flourishes in areas underlain by breccia and delineates breccia outcrops
well. Succulents include yucca, prickly-peak, and cholla.

The rocks of the dome are well exposed. In addition, alluvium and

colluvium cover only about 35% of the area mapped.
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PREVIOUS WORK

No detailed geologic investigation of Precambrian or Tertiary rocks has
been carried out in the area bounded by Cross Mountain on the east, Big Sandy
Wash on the west, the Cottonwood Cliffs on the north, and the Mohon
Mountains on the south, Several major geologic features, including a large
rhyodacite eruptive center in the Aquarius Mountains and a large volcanic
center in the Mohon Mountains are unmapped geologically, Several studies
and mapping projects have been carried out in the peripheral areas, however.
A detailed study was conducted by Anderson and others (1955) of the geology
and ore deposifs of the Bagdad area, Arizona, which lies about 32 miles south
of the dome. Krieger (1967) mapped, in reconnaissance, seven |5-minute
quadrangles east of the Fort Rock area. Her work lies between the parallels
of 34°30'N. and 35°15'N. and extends as far west as 113° W, Long. Her
nearest mapping was about 16 miles east of the Fort Rock dome. Wilson (1969)
completed reconnaissance mapping, for the purpose of publishing a state geologic
map, in an area extending from the area mapped by Krieger to the western
boundary of the state, Young (1966) studied Cenozoic geology of the Colorado
Plateau between the Grand Wash Cliffs and Peach Springs, Arizona, Peach
Springs is 28 miles north-northwest of the dome. Davis (l93v|) studied the
Peacock Mouniains, 25 miles northwest of the dome. Hobbs (1944) reported
on a tungsten mine in Precambrian rocks in the Aquarius Mountains south of

Trout Creek, about 20 miles southwest of the Fort Rock dome.

FIELD WORK

Field work was started in the Fort Rock area in the summer of 1967,

Eight weeks were spent mapping, in reconmaissance, a large rhyodacite eruptive
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center in the Aquarius Mountains, The Fort Rock dome was discovered on the
air photographs used in this study and was also mapped in reconnaissance,
(Figure 2 is one of those air photographs.) The dome had been seen earlier

in the [960's from the air and had been visited once by David Cummings of the
U.S. Geological Survey. Field work was continued the following summer,
during which period Precambrian rocks were investigated in an area extending
from Cross Mountain westward to where these rocks are buried by Tertiary
voleanic rocks in the Agquarius Mountains, Detailed field work on the dome
was begun in the summer of 1969 and was completed in the fall of 1971, A
total of 280 days were spent in field work on the dome.

Air photographs were used for field compilation. Initial mapping was
done on Army Map Service air photographs (e.g., fig. 2- original scale, I+
62,500) enlarged five times. About one-fifth of the geology of the dome was
compiled on these enlargements, In June, 1970, new air photographs were
made and topographic field control was established by the U. S, Geological
Survey, preparatory to making a detailed topographic map of the dome. The
rest of the geology of the dome was compiled in the field on 2X enlargements
of this new photography (original scale, 1:.11,400)., All of the geology was
subsequently transferred to 4X enlargements of the new photography and was
compiled photogrammetrically onto a topographic map of the dome at a scale
of 1:5000. The latter fask was completed by photogrammetrists at the
Geological Survey Center of Astrogeology at Flagstaff, Arizona, and was
edited by the writer.

Colluvium and alluvium exceeding | foot to I-1/2 feet in thickness are
shown on the geologic map. Bedrock underlying thinner surficial deposits can

be identified with reasonable accuracy either by float or by digging shallow
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pits. About 3000 pits were dug. The use of pits was essential in mapping
compositional changes in breccias on the northern flank of the dome where

composition is not accurately reflected in the float,
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. GEOLOGIC SETTING

Rocks exposed in the region around the Fort Rock dome range in age
from Precambrian to Quaternary, The Precambrian rocks are part of a broad
belt of Precambrian exposed in the mountains of central Arizona, which border
the southwestern margin of the Colorado Plateau, The Precambrian rocks in the
vicinity of the dome consist of layered metamorphic rocks, cataclasites, granite,
and pegmc:fife; This assemblage resembles more closely older Precambrian rocks
in the Grand Canyon than Precambrian rocks to the south and southeast,

Early to Middle Paleozoic sedimentary formations recognized in the
Grand Canyon underlie Cross Mountain (fig, 3). The formations represented are
the Tapeats Sandstone, Bright Angel Shale, and Muav Limestone of Cambrian
age, unnamed Devonian carbonate rocks, and the Redwall Limestone of Mississip~
pian age. Cross Mountain is the southwesternmost outcrop of these rocks in the
region,

Tertiary volcanic rocks in the vicinity of the Fort Rock dome comprise
a large disséci‘ed field that lies chiefly to the south and west of the dome (fig.
3). This field covers about 1000 square miles, It extends from Big Sandy
Wash on the west to the Juniper Mountains on the east and from about
12 miles north of the dome to about 25 miles south of the Mohon Mountains.
This field includes lava flows, pyroclastic rocks, volcanic necks, and sedi-
mentary rocks., Numerous volcanic centers are scattered across the field.

Fort Rock dome is one such center, although it is small compared to some
of the others. The nearest large center is in the Aguarius Mountains about
two and one-half miles southwest of the dome (figs. 2, 3). The Mohon

Mountains and Hope Mountain are also large centers.
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Quaternary deposits in the area include, in addition to modern alluvium
and colluvium, alluvial terrace deposits, which are extensively developed east
of the dome and south of Cross Mountain, The terrace deposits contain
abundant Paleozoic clasts and were derived either from Cross Mountain or

from Paleozoic terrane to the northeast or east,

The Fort Rock dome lies within the region of Basin and Range faulting.
Between the dome and Seligman, Arizona, 30 miles to the northeast, a series
of north=south trending normal faults with displacements of hundreds of feet
are responsible for a series of ridges and valleys. Ten miles west of the
dome one or more north-south normal faults with displacements of one thousand
feet or more are responsible for the large west-facing escarpment of the
Cottonwood Cliffs and Aquarius Mountains, which bounds the valley of Big
Sandy Wash (fig. 3). The Hualpai Mountains on the west side of this valley
are underlain by a large fault block tilted to the east,

The chief structures in the more immediate vicinity of the dome include
Precambrian shear zones and Tertiary normal faults (fig. 3). The largest Pre-
cambrian shear zone is an east-west zone that runs through the Fort Rock dome.
A second shear zone trends northwest-southeast in the Precambrian rocks on the
northwestern side of Cross Mountain., Normal faults include several northwesi-
southeast trending faults south and southeast of the dome and @ number of approx-
imately east-west trending faults west of the dome in the northern and western
parts of the Aquarius Mountains. The southwestern and southern sides of these
faults are downthrown. In addition, ftwo northeast-southwest frending faults
bound a graben in the vicinity of the Cottonwood Cliffs,

Paleozoic and Tertiary rocks in the area around the dome are nearly

flat-lying. The dome is an anomalous small area of highly deformed rocks.
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I1l. PRECAMBRIAN ROCKS

Precambrian rocks in the area include layered mefamorphic rocks and
subordinate cataclasites and plutonic rocks., These rocks resemble older Pre-
cambrian rocks of the Grand Canyon described by Noble and Hunter (1916),
Maxon (1961), Boyce (1972), and others, They do not resemble as closely the
geographically nearer Precambrian rocks of the Yavapai Series to the south and
southeast described by Anderson and others (1955), Anderson and Creasey (1958),
and Anderson and others (1971).

The layered metamorphic rocks at the Fort Rock dome consist of amphi-
bolite, schist, phyllonite and gneiss, Field relationships among various rock
types are uncerfain because of poor exposure. No primary sedimentary or
volcanic features have been found, owing mostly to the degree of metamorphism
in these rocks; however, these rocks probably represent, a mefusedimentary and
metavolcanic assemblage, as do most of the older Precambrian rocks of the
Grand Canyon and also the rocks of the Yavapai Series to the south and south-
east, Cataclasites at Fort Rock dome are small, uniform bodies with granitic
compﬁsiﬁons and disiributions that suggest they are intrusive into the layered
metamorphic rocks., The cataclasites may be correlative with some of the
granite gneisses, e.g., the Zoroaster Granite, which are older intrusives into
the amphibolites and schists in the Grand Canyon (see Noble and Hunter, 1916,
p. 112). The plutonic rocks at the dome include small bodies of granite and
granite pegmatite. They are intruded info both the layered metamorphic rocks
and the cataclasites, They may be correlative with the younger series of

granite and granite pegmatite infrusives at the Grand Canyon,
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LAYERED METAMORPHIC ROCKS

Distribution and physical features, Layered metamorphic rocks in the

area of the Fort Rock dome include amphibolite, schist, phyllonite and gneiss.
These rocks constitute, on the average, about 75 percent of the Precambrian
rocks in the area mapped. They make up @ somewhat higher percentage of
Precambrian rocks in the southern half of the exposure in the center of the dome
and a somewhat lower percentage in the northern half, These rocks are, in
general, slope-formers and are usually covered by colluvium., The best expo-
sures are generally in gullies and washes, In places, however, metamorphic
rocks underlie bouldery slopes and ridges. For example, granitic gneiss forms
the ridge bounding Wedge Basin on the southeast, and forms bouldery slopes on
the flanks of Ten OClock Peak, Nine OClock Hill, and Lion Ridge (northeast
side). Amphibolite forms a resistant ridge between Ten OClock Peak and
Crater Divide, Phyllonite forms Crater Divide southeast of Eight OClock Basin
and also forms the divide between Eight OClock Basin and Ten OClock Wash,

Field Relationships. Field relationships among the various rock types

within these layered mefamorphic rocks are obscure because of poor exposure.
Interlayering between amphibolite and schist occurs at a scale of inches in some
places. In other places, areas as large as 300 feet across are composed
dominantly of either amphibolite or schist, Phyllonite and gneiss occur as
somewhat larger bodies of indefnitie shape, measuring Qp to 500 feet across.
Phyllonite appears to grade in several places into bodies of cataclasite, It may
represent, in part, highly foliated parts of these bodies, and, hence, may be
partly infrusive in origin,

Petrography. In the petrographic descriptions below, rock types are

described in order of their apparent abundance,
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Amphibolite. Amphibolite appears to be the most abundant metamor-
phic rock in Fort Rock dome, It is a gray, medium-grained, banded rock.
Black hornblende grains distributed abundantly among white plagioclase grains
give a salt and pepper appearance to the hand specimen. The rock weathers
fo thin slabs. In one sample, it is composed of 60 percent albite, 20 percent
blue=green hornblende (ferrohastingsite), 15 percent quartz, 5 percent epidote,
and a trace of zircon.* Weakly developed planes of very fine~grained (75 u),
crushed material, constituting a weak "cataclastic foliation", are seen parallel
to the banding in this rock. All grains in the rock have ragged or irregular
boundczries; Albite grains are commonly crushed to very fine grain size on their
borders, giving them a ragged appearance. Where they are not crushed, they
have irregular confacts with other grains, They are fractured and commonly
displaced, Extinction is undulatory to patchy. Quartz grains generally occur
in groups of uniform grain size and tend to be segregated into bands. Grain
boundaries are irregular but not crushed.

Some recrystallization apparently took place during or after crushing.
In places, grains of epidote and rarely hornblende are strung out along
fractures in albite grains where there has not been any significant displacement
of the grains,

Hornblende-mica schist. Hornblende-mica schist is the most poorly
exposed subunit of the layered metamorphic assemblange. [t is seen less
commonly than amphibolite but may be equal to or even greater than amphibolite
in abundance. A weakly foliated type and a strongly foliated type are recog-

nized, The weakly foliated type appears to be more abundant.

*All percenfages are estimates made from thin sections unless otherwise noted.
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A specimen of weakly foliated schist was examined. It is a quartz-
hornblende~biotite~oligoclase schist,* The rock is dark greenish brown to dark
grayish brown and medium grained, In hand specimen, black hornblende grains
and bronze Eio’rite flakes are seen to be distributed abundantly among white
plagioclase grqins: The rock is composed of 40 percent oligoclase, 25 percent
biotite, 20 percent blue-green hornblende (ferrohastingsite), 15 percent quartz,
and a frace of epidote and sphene, In this specimen, ragged biotite flakes are
oriented in four or five infersecting directions, which make successive angles of
about 20° with each other, giving the impression of a "house of cards", Some
of these directions coincide with weakly developed planes of crushed grains.
Evidence for some recrystallization during crushing is stronger in this rock than
in the amphibolite., Although some of the biotite is kinked, much of it, though
still ragged in outline, is not. Numerous examples may be found of biotite
flakes penetrating deep into cracks in the oligoclase,

A specimen of strongly foliated schist that was examined is a hornblende-
albite~biotite~quartz=microcline schist, It is similar to the schist described above,
but is fine-grained, strongly schistose, and has abundant quartzofeldspathic bands,
It contains 35 percent microcline, 30 percent quartz, |5 percent biotite, 15
percent albite, 5 percent blue-green hornblende (ferrohastingsite(?)), and a
trace of epidote and sphene, Only one major orientation of biotite flakes is
seen in this specimen. Weakly developed planes of crushed grains are parallel
to the foliation,

Phyllonite, Phyllonite occurs as relatively large bodies of indefinite
shape in the crater. Specimens from several bodies were examined and are

described bgavlqv‘v:. |

* |n this report, rock names include minerals that are present in amounts of
5 percent or more; last-named minerals are most abundant,
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Quartz-feldspar phyllonite underlies Crater Divide southeast of Eight
OClock Basin, It is @ hard, fine-grained rock that is olive-colored on fresh
surfaces but commonly has a reddish weathering stain, It is characterized by
minute streaks of quartzofeldspathic minerals. The phyllonite is composed of 69
percent potash feldspar, 25 percent quartz, 4 percent biotite, 2 percent epidote,
and a trace of allanite and chlorite. Catfuclastic foliation is strong. All grains
have ragged or irregular outlines, Some feldspar occurs as small porphyrociasts,
Quartz occ-urs in groups of grains which are strung out along the foliation,
Generally, the feldspar has patchy extinction, and the quartz, undulatory extinc-
tion. Feldspar appears dominant among finer-grained crushed material, Biotite
occurs as narrow stringers of small, ragged, usually bent flakes parallel to the
foliation. Epidote commonly is associated with the biotite, Chlorite grades
optically into biotite,

Minor recrystallization has apparently accompanied cataclastic deformation,
Epidote and biotite in some cases invade cracks in feldspar, The name
"phyllonite" was chosen for this rock rather than "mylonite" to reflect the small
amount of recrystallization seen,

Phyllonite~gneiss underlies the divide between Ten OClock Wash and Eight
OClock Basin, The rock is a biotite~epidote-albite~microcline-phyllonite-gneiss.
It is an olive, fine~grained, lineated, weakly banded‘rock, It consists of 40
percent microcline, 39 percent albite, 12 percent epidote, & percent biotite,
and 3 percent chlorite. No quariz is present, Microcline and albite occur
both as small porphyroclasts and as finer-grained crushed material. Three or
more intersecting planes which are pcﬁ:l”el to a single direction are defined by
lenses of crushed grains and by preferred orientation of biotite, chlorite, and

prismatic epidote, These planes give rise to a strong lineation. The prismatic
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form of epidote is an indication of recrystallization during crushing.

A hornblende-chlorite-biotite-epidote phylionite is found in the western
part of Eight OClock Basin. It is a dark, olive-brown, fine-grained rock with
a very weak foliation. It contains 45 percent epidote, 35 percent biotite, 10
percent feldspar (including albite), 5 percent chlorite, 5 percent blue-green
hornblende (ferrohastingsite(?)), and a trace of sphene; Feldspar occurs as
prophyroclasts of medium and fine grain size. Epidote is fine-grained and is
scattered throughout the rock, but it occurs in some places as medium- to fine-
gradined cggregates: Biotite occurs as larger (0.3mm)dark brown, largely
altered ("), elongate flakes parallel to the weak foliation and as smaller (0.Imm)
light brown, equant flakes of random orientation which are commonly found in
@ggregafes‘. Chlorite accompanies the light~brown biotite flakes. Hornblende
occurs as ragged, medium~ to fine~grained prophyroclasts which are invaded by
biotite, Alteration of hornblende and recrystallization of biotite, which are
apparent in this rock, seem fo indicate retrograde metamorphism from epidote-~
amphibolite facies to greenschist facies. Greenschist is found near this area, in
Eight OClock Gorge.

Granitic gneiss, This rock is a hard, pink and black, medium-grained,
strongly banded rock. Bands are isoclinally folded, Examples of injection
banding were observed in the gneiss on the northeast flank of Lion Ridge. In a
sample collected from Ten OClock Wash, the graniﬁcbands have both sharp
and gradational boundaries. Averaging light and dark bands, the specimen from
Ten OClock Wash is composed of 57 percent microcline, 22 percent quartz, 13
percent oligoclast, é percent biotite, 2 percent hornblende (ferrchastingsite),
and traces of sphene, epidote, and mcgneﬁfe; The gneiss has a secondary

foliation produced by cataclastic deformation which, in the sample examined,
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coincides with axial planes of folds, All grains have ragged or irregular
boundaries., Microcline and oligoclase occur as porphyroclasts as well as very
fine~grained crushed material, The porphyroclasts are fractured and displaced
and show patchy extinction., Quartz is found as irregular groups of grains of
fairly even size, These groups commonly border or surround ragged feldspar
porphyroclasts.  Biotite occurs in two size groups. Llarger-sized grains in some
cases show idiomorphic or idioblastic outlines against feldspars, Fine, ragged
flakes of biotite are strung out along cataclastic folia, which fransect the
banding where the banding is folded,

Greenschist. One outcrop of greenschist was observed in Eight
OClock Gorge. This rock is medium- to coarse~grained and lineated by blades
of bluish green actinolite. Porphyroclasts of pink feldspar are observable in
hand specimen. It conkins 7l percent actinolite, 20 percent albite (?) (heavily
sericitized), 8 percent chlorite (after biotite), | percent epidote, and a trace of
biotite. The rock is seen in thin section fo be diffusely crushed.

Metamorphic facies. All of the rocks described above belong to an

epidote~amphibolite metamorphic facies with the exception of the greenschist
in Eight OClock Gorge and the phyllonite showing extensive retrograde green-
schist metamorphism in the western part of Eight OClock Basin, All have
undergone cataclastic deformation which has superimposed weak to strong cata-
clastic foliations., In some cases, cataclastic folioﬁon‘ is parallel to original
banding or schistosity, In other cases, several different intersecting cataclastic
foliations obscure the original rock fabric and produce a lineation in the rock.
Some recrystallization of biotite and epido’ré accompanied cataclastic deforma-
tion. In the western and southwestern area of the croter extensive refrograde

greenschist metamorphism may have accompanied cataclastic deformation.
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CATACLASITES

A number of small, uniform bodies of Precambrian rock have granitic
mineralogy and outfcrop patterns similar to that of small intrusives but do not
exhibit clear intrusive relations to the metamorphic rocks around them, Contacts
are rarely exposed but appear to be concordant or gradational. Because all of
these igneous-like bodies hdve weak to moderate cataclastic foliations and line~
ations, they have been termed "cataclasites"”, Catuclasites with distinctive
physical features and petrography have been informally named after localities
where they are most typically developed. These include the cataclasites of
Noon Basin, Lion Ridge, Eight OClock Basin, Eight OClock Gorge, and Sams
Camp Rise, Other cataclasites are distinguished only on the basis of grain size.
Altogether, cataclasites constitute only a few percent of the Precambrian rocks.

Distribution. OQutcrop patterns of the cataclasites differ between the
northern and southern halves of the crater, (See pl. 1), The catuclasites of
Noon Basin and Lion Ridge outcrop in the northern half, They are clusters of
small, more or less elongate bodies, The Noon Basin cluster is elongate in an
east-northeast-west-southwest direction and has a width of 400 feet and a
length of 1600 feet. The Lion Ridge cluster is almost equidimensional, wi th
a diameter of about 450 feet, Individual bodies within the Noon Basin and
Lion Ridge clusters commonly have widths of about 60 feet and lengths of
about 250 feet. |

The cataclasites of Eight OClock Basin, Eight OClock Gorge, and Sams
Camp Rise outcrop in the southern half of the crater, Each of these catacla-
sites consists of a relatively large, elongate body and associated smaller
satellitic bodies., The main bodies of the cataclasites of Eight OClock Basin

and Sams Camp Rise are each about 1300 feet in length and are 250 feet and
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400 feet, respectively, in width, Both are elongate in an east-west direction.
The cataclasite of Eight OClock Gorge is somewhat smaller; it is 500 feet in an
east-west direction and 250 feet in a north-south direction,

Physical features, The cataclasites also differ in gross physical features

between the northern and southern halves of the crater. The cataclasites of
Noon Basin and Lion Ridge both form bouldery outcrops. The cataclasites of
Eight OClock Basin and Sams Camp Rise, on the other hand, form low outcrops,
although the former is slightly more resistant than the surrounding metamorphic
rocks ar%d forms low knobs in Eight OClock Basin, It weathers to gruss and
breaks up easily under the blow of a hammer. The cataclasite of Sams Camp
Rise forms low outcrops and weathers to cobble-sized, angular rocks. The
cataclasite of Eight OClock Gorge outcrops as resistant angular blocks.

Field relationships. These bodies have both sharp and gradational

contacts, but contucts are rarely exposed. A contact between the cataclasite -
of Noon Basin and adjacent schist is exposed on the divide extending south
from Noon Hill, It is concordant, although two small quartz veins in the
cafoclasite terminate against the schist. The cataclasite of Lion Ridge appears
to grade by the development of a strong foliation and lineation and increase
in biotite info poorly resistant phyllonite,. The main body of the cataclasite
of Eight OClock Basin also grades on ifs eastern border into phyllonite.
Contacts on the north, south, and west sides of this body, however, appear
sharp, The cataclasite of Eight OClock Gorge exhibits a concordant contact
with gneiss in a gully near the contact with Tertiary volcanic rocks on the
southeast side of Eight OClock Gorge. The cataclasite of Sams Camp Rise
grades by the development of a sirong foliation and a slight increase in

biotite content into mylonite and phyllonite, Distinction between the
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mylonite and the phyllonite is arbitrary at best. The mylonite was mapped as
part of this cataclasite, and the phyllonite was mapped as part of the layered
metamorphic rocks, By a marked increase in mafic mineral content and develop-
ment of strong foliation, the cataclasite of Sams Camp Rise appears to grade
into gneiss, schist or amphibolite,

Petrography. A cataclastic fabric characterizes all of these rocks. One
or more foliations are commonly developed by the alignment of lenticular
grains and of stringers of grains less than about 0.5 mm across. The foliation
is enhanced by alignment of biotite, although in most bodies, biotite occurs
in amounts less than 5 percent, The development of two infersecting foliations
gives rise to a lineation. Generally one foliation is stronger than the other.
Feldspar occurs as porphyroclasts, although in the catclasite of Eight OClock
Gorge, some feldspar porphyroclasts are seen, Porphyroclasts have boundaries
which are crushed and ragged. They are commonly fractured and, in places,
displaced and have undulatory to patchy extinction. Porphyroblasts seen in the
cataclasite of Eight OClock Gorge are grains of microcline containing a com-
plete or partial ring of quartz inclusions. Quartz grains in the cataclasites
occur in groups of relatively uniform grain size and generally do not show
strongly undulatory extinction, Biotite is ragged and locally bent and kinked,

Distinctions among the various cataclasites are based on color and fabric
and to a lesser extent on mineralogic composition. M.inerciogic compositions
are tabulated in Table 1.

The cataclasite of Noon Basin is a dark brown, medium-grained rock
having the composition of a granite, It is characterized by scattered, coarse-
grained, fwinned augens of microcline and relatively abundant (4 percent)

black biotite. It has a weak foliation and lineation, which is best seen on a
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fresh surface.

The cataclasite of Lion Ridge is @ red, medium- to fine-grained rock,
having the composition of a quartz monzonite. It is characterized by rare
augens like those of the Noon Basin cataclasite. Fresh surfaces are motiled
pink by microcline and red brown to olive by finely divided biotite. Foliation
is weak to moderate. Moderately foliated specimens contain a few percent
biotite (cf. Table I).

The cataclasite of Eight OClock Basin is a white, medium-grained rock,
having the composition of a leucocratic quartz monzonite, A strong lineation
is developed by parallel alignment of siringers of quartz grains and finely
divided biotite,

The cataclasite of Eight OClock Gorge includes two rock types. The
more dominant has the composition of a quartz monzonite, This rock is charac-
terized by pink, medium-grained microcline augens in a fine~grained, dark,
red~brown matrix, The second rock type has the composition of a granodiorite,
This rock consists of close-spaced plagioclase augens in a scant, dark green,
fine-grained mairix. The quartz-monzonitic rock is poorly foliated, but the
grandodioritic rock is moderately well foliated. The relationship between these
two rock types is unknown,

The cataclasite of Sams Camp Rise is of differing appearance in hand
specimen, One specimen that was examined is dark pink, medium-grained,
and unfoliated. Another specimen is moftled pink and olive, is medium-grained,
and is weakly foliated. Still another has an olive color on a fresh surface,
generally masked by a red weathering stain, and is fine-grained, well foliated,

and lineated by sireaks of fine-grained biotite. The latter specimen has been
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termed a mylonite, Strongly foliated specimens of this unit contain a few
percent biotite (cf. Table I). This cataclasite has the mineralogic composition
of a granite,

Several bodies of cataclasite have been distinguished only on the basis
of grain size, The largest is a body southwest of Thunder Camp. It is undis~
tinctive topographically and petrographically. It is @ medium~ to fine-grained,
poorly to moderately foliated granitic rock. A more distinctive cataclasite in
this group is found in several locations, but its largest outcrop is at the head of
Ten OClock Wash, It is a white, coarse-grained, weakly banded rock,
consisting dominantly of white feldspar,

Some recrystallization is indicated in most of the cataclasites by invasion
of biotite into fractures in feldspar. In the Eight OClock Gorge cataclasite,

some recrystallization to form microcline porphyroblasts is indicated,

GRANITE AND GRANITE PEGMATITE

Granite and granite pegmatite clearly intrude the layered metamorphic
rocks and sovme of the cataclasites in Fort Rock dome. Like the élder rocks,
these infrusives are crushed, but only in the granite are there instances where
cataclastic foliation is developed. Both the granite and granite pegmatite are
leucocratic and resistant to weathering, and they tend to occur in close associ-
ation with one another. These characteristics help distinguish the granife from
the cataclasite in places where the granite is foliated.

Distribution and physical features. Granite is most abundant in the

exposure of Precambrian rocks northeast of the dome and in the northwest quad-
rant of the exposure inside the dome (pl. ). It tends fo form small bodies and

irregular dikes. The rock is more resistant than the surrounding metamorphic
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rocks and underlies hills, spurs, and irregular ridges. The largest body underlies
Ten OClock Peak, which is the highest hill in the area mapped. Qutcrops of
granite are generally bouldery or blocky.

Granite pegmatite in the area mapped is almost exclusively confined to
the northern half of the dome and the exposure northeast of the dome (pl. I).
It forms narrow, linear to irregularly shaped dikes, Three swarms of larger dikes
can be identified. The largest swarm is found on Noon Hill, on the hill south
of Noon Hill, and on One OClock Hill, The second largest swarm occurs in
the vicinity of Crater Divide just north of the center of the dome. A smaller
swarm occurs on the west flank of the small knob extending southwest of Lion
Ridge. The pegmatites are more resistant to weathering than the metamorphic
rock they intrude and underlie topographic ribs, ridges, and hills, Outcrop of
pegmatite is blocky; very coarse crystals in the rock weather to sharp, angular
faces,

Field relationships. Granite and granite pegmatite clearly intrude the

layered metamorphic rocks. In addition, granite pegmatite intrudes the catacla-
sites of Noon Basin and Lion Ridge. The virtual lack of pegmatite in the
southern half of the crater, unforfunately, precludes defermining the age of this
rock relative to the cataclasites in that area, although the pegmatite is almost
certainly younger,

The pegmatite and granite occur, in most piccés, in close association,
In some cases, the pegmatite intrudes the granite, and in other cases, it
grades texturally into the granite. In cases of either infrusion or gradation,
mixtures of nearly equal proportions of both rocks are observed in some locali-

ties and are mapped as "mixed granite and granite pegmatite", This mixed
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unit is formally defined to include mixtures of between 30 percent and 70 per~
cent of either component., Mixtures falling outside of this range are mapped
simply as "granite" or "granite pegmatite”., Mixture occurs on the scale of
inches to fens of feet, The smaller scale mixtures are typical of gradation of
pegmatite into granite. The unit of "mixed granite and granite pegmatite" is
only common in the exposufe northeast of the dorme .

Petrography.

Granite, The granite on Ten OClock Peak is a very hard, pink,
fine~grained, lineated (or sireaked) rock. Lineation is developed in all minerals
that can be observed in hand specimen., Finely divided biotite gives rise fo
black streaks or specks, depending on the orientation in which the rock is
viewed. Siringers of feldspar and quartz grains give rise to light-colored
streaks, The rock is a leucogranite and confains 60 percent microcline, 39
percent quartz, /2 percent albite or oligoclase, 3/4 percent biotite, 1/4 per-
cent opaques, and traces of muscovife, epidote, and zircon, In thin section,
the rock is seen to be crushed, but lineation does not show up as strongly in
thin section as it does in hand specimen. Most of the biotite forms sharply
defined, undeformed flakes, which may be evidence for some recrystallization
of the rock, Rare strings of quartz inclusions which are found in microcline
grains and are parallel to the lineation of the rock may be additional evidence
for recrystallization, These strings of inclusions suggeéi‘ crystalloblastic growth
of microcline,

A specimen of granite from near the center of the dome is white (fresh
surface) to light brown (weathered surface), medium~grained, and poorly to
moderately foliated, Albite content reaches about 20 percent and there is a

trace of garnet.
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A few of the rocks mapped as granite are leucocratic quartz monozonites
and granodiorites,

Cranite pegmatite., Granite pegmatite is pink and massive with a
grain size varying from medium fo very coarse. Crystals of microcline with
dimensions up fo several inches are characteristic, These large crystals are
frequently graphically intergrown with quartz and sometimes appear to be a
mosaic, Quartz is occasionally segregated info large white bodies within the
pegmatite. Since this rock is of variable grain size and since mineral segrega-
tion occurs on several scales, it is difficult to determine the overall mineral
percenfages. One medium-grained specimen that was examined contains 40
percent quartz, 40 percent microcline, 19-1/2 percent plagioclase, 1/2 percent
biotite, and traces of muscovite and opaques., All pegmatites show crushing,
but cataclastic foliation is rare. Feldspar, especially microcline, forms porphy~
roclasts, some of which are inches long, These porphyroclasts either have
boundaries which are crushed and ragged or are irregular. Irregular boundaries
occur adjacent to groups of quartz grains, which have fairly uniform grain size.
Feldspars are more commonly fractured and displaced in the pegmatites than in
the cataclasites and show rotation of internal grain segments. Displacements
and rofations have the effect of breaking up grains into mosaics; hence, the
mosaic-like appearance of large microcline crystals in hand specimens. The
fractures in the grains are occupied by very fine~grained crushed material but
are frequently invaded by coarser-grained quartz, which may be evidence for
some recrysfallization during deformation.

A minor outcrop of flaser granite, mapped in the southern half of the

crater near the crest of Buffalo Ridge, may be a sheared granite pegmatite.
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The rock is a pink, coarse-grained granite consisting of microcline augens in a

rust~colored matrix., The contacts of this rock are intrusive,

VEINED ROCKS

Numerous small faults and fractures in the Precambrian rocks that occupy
shear zones have been veined by epidote, hematite, quartz, and other minerals.
Veins have thicknesses ranging from microns to several centimeters. In places,
veins are so dense that the original rock can no longer be distinguished, and a
separate geologic map unit, "veined rock", is used,

Distribution and physical features, Veined rock occurs in an east-west

zone which occupies the southern half of Fort Rock dome and also in a half-
mile wide, northwest-southeast zone on the northwestern side of Cross Mountain
(fig. 3). Veined rock tends to break up along veins during weathering and
forms small (one- to several=inch), angular float. This weathering characteristic
distinguishes it from most of the rest of the Precambrian rock, which weathers
to blocks and boulders, Qutcrops of veined rock are generally topographically
low. Where quartz is the chief vein mineral, low ridges may be found.

Field relationships., Within the shear zones, the spatial density of veins

can be mapped. Several levels of vein density were defined and mapped in
Fort Rock dome (fig. 4). The levels are defined as follows:
"low density" . . . . . . . veins spaced farther than 10 cm apart
"moderate density" . . . . veins spaced | cm to 10 cm apart
"high density" . . . . . . veins spaced | mm to | cm apart
“very high density". . . . . veins spaced closer than | mm:
identity of the original rock obscured

in most places
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Owing fo poor exposure of veined rocks in the dome, mapping of these levels
was based largely on float. In a given small area, say, 20 feet by 20 feet,
the highest possible level was mapped if 20 percent or more of the float (or

10 percent or more of the outcrop, where outcrop is seen) had a vein density
of that level. The rest of the float in this small area had either lower or
higher levels of vein density than the level that was mapped, but less than 20
percent of the float had higher levels. At some localities, it was found that
adjacent small areas would be mapped as different levels. At these localities,
“mixed" levels were mapped. Only one mixed level occurs in the dome,
"mixed high and very high density" veined rock. The level designated "very
high density" was mapped as a geologic unit (pl. ). The levels defined above
are seen in an easily mappable, regular sequence on the east end of the rise
north of Sams Camp Rise. This area was used as a reference for mapping levels
in the rest of the shear zone in the crater. |

A discussion of the oufcrop pattern of the various levels of vein density
is found below in a discussion of the structure of the shear zone in Fort Rock
dome.

Petrography. Veins vary in width from 20 microns to one or fwo centi-
meters, Vein minerals include, in order of abundance, olive-green epidote,
clear to milky quartz, dark red to specular hematite, pinkish orange adularia,
bluish black chlorite (rare), and sericite (rare), Fractures are continuous
through many grains in the rock and, generally, extend throughout a hand
specimen, They cut both porphyroclasts and finer-grained cataclastically
granulated material in the rock. They commonly offset grains and other

fractures, although offsefs are usually small (less than | ¢m). In some cases,
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the fractures are zones of crushing and diffuse to heavy mineralization, In
other cases, they are cracks lined with druzy vein minerals, [In cases where
crushing occurs, the fractures are distinguished from older cataclastic foliation
in the host rock in that they a) are localized (or bounded by two, more or less
discrete planes), b) have a broad grain-size distribution, with @ minimum
granulation size much smaller than seen in the host rock (less than a few
microns), and c¢) are mineralized. Zones of crushing are mineralized by only
epidote or hematite, Fractures lined by druzy vein minerals confain any of the
minerals listed above,

~ Paragenesis of vein minerals. The following are examples of paragenesis

of vein minerals in rocks of Fort Rock dome. In each example, the level of
vein density in the particular rock sample that was examined is given first,
followed by a numbered sequence of events that can be recognized in the rock.

The oldest event is listed first.

A. Rock with @ "moderate density" of veins,
. Fracturing and veining by very fine~grained epidote
2, Fracturing and veining by druzy quartz followed by druzy
epidote.
B. Rock with a "moderate density" of veins,
I. Fracturing and veining simultaneously by adularia, chiorite,
and sericite,
C. Rock with @ "high density " of veins.
I.  Fracturing and veining by epidote.

2. Fracturing and veining by hematite,
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Rock with a "high density" of veins.

I.
2,
Rock
I

Rock

Fracturing and veining by epidote, including some druzy epidote.
Fracturing and veining by quartz and/or adularia(?)

with a"high density" of veins.

Fracturing with extensive crushing and mineralization by very
fine-grained epidote.

Fracturing and veining by clear quartz.

Fracturing and veining by druzy milky quartz followed, but in some
cases preceded by, druzy adularia(?).

with a "high density" of veins.

Fracturing with extensive crushing and mineralization by epidote.
with a "very high density" of veins.

Fracturing with some crushing and mineralization by epidote.
Fracturing and veining by hematite and quartz.

Fracturing and veining by druzy quartz followed by druzy
adularia(?); simultaneous filling of hair-like veins by quartz.
Fracturing with crushing and mineralization by hematite.

with a "very high density" of veins.

Fracturing with extensive crushing and mineralization by very
fine-grained epidote in one case and hematite in another; relative
ages of epidote and hematite mineralization unknown.

Fracturing and filling of hair-like veins by quartz; associated or
somewhat younger fracturing and veining by milky quartz followed

by druzy adularia(?).
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3. Minor fracturing and filling of hair-like veins by clear quartz.

Summary. The oldest event in most of the examples of vein-mineral
paragenesis is fracfurl;ng, generally with crushing, and veining by epidote or,
less commonly, hematite. The next event involves open fracturing and filling
of the fractures by druzy quartz, minor adularia, and, rarely, epidote. An
event succeeding these two evenis in at least one rock involves fracturing, with
some crushing, and veining by hematite. The oldest event in this sequence is
suggestive of higher pressures and temperatures than the second event because
of the crushing involved and the abundance of epidofe; Pressures in the second
event apparently frequently dropped below local rock strengths, as evidenced by
open .cmd'(#.a A potential reversion to higher pressures is suggested by the

third event.



IV. TERTIARY VOLCANIC AND
SEDIMENTARY ROCKS

Tertiary rocks in the vicinity of the Fort Rock dome comprise chiefly two
formations. The older formation is here given the name, Crater Pasture Forma-
tion; the younger is given the name, Fort Rock Creek Rhyodacite. In addition
to these two formations, several lava flows of varying extent and isolated
intrusive bodies are present which are younger than the Fort Rock Creek
Rhyodacite (see fig. 3). Ten miles west of Fort Rock dome, the Peach Springs
Tuff, of middle Miocene age, overlies the Fort Rock Creek Rhyodacite, The
Mohon Mountain volcanics, ';;OUfh of Trout Creek, are younger than the Peach
Springs Tuff,

The Crater Pasture Formation is the oldest Tertiary unit exposed in this
area, |t consists of lava flows, agglomerates, tuffs, and associated sedimentary
and intrusive rocks. Rocks range in composition from ultramafic fo intermediate;
they include shonkinite, limburgite, trachybasalt and trachyandesite. The lava
flows originated from numerous scattered venis and generally extend laterally
for distances of a mile or less,

The Fort Rock Creek Rhyodacite conformably overlies the Crater Pasture
Formation. It consists chiefly of ash flow tuff and volcanic breccia. The ash
and clasts in these deposits are rhyodacite and, less commonly, rhyolite, Most
of the ash and clasts were erupted from a large, complex volcanic vent in the
Aquarius Mountains, 2-1/2 miles southwest of Fort Rock dome (fig. 3).
Individual ash flow and volcanic breccia units within the Fort Rock Creek
Rhyadacite extend over distances of more than 5 miles,

The scattered flows, dikes, and plugs which posi-date the Fort Rock

Creek Rhyodacite range from mafic to intermediate in composition. In the area
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mapped (pl. 1), the basalt of Buttox Hills is one of these units, |t forms a

flow, dike, and plug. The flow is of dimension comparable to flows in the
Crater Pasture Formation. Beyond the area mapped, more extensive flows are
exposed. The plateau south of the dome (fig. 3) is largely underlain by
basaltic lava flows which are stratigraphically above the Fort Rock Creek
Rhyodacite.

Ten miles west of the dome, the Peach Springs Tuff, of middle Miocene
age, unconformably(?) overlies the Fort Rock Creek Rhyodacite (fig, 3). The
tuff caps a number of buttes in the western Aquarius Mountains and is also
preserved on downdropped fault blocks on the edge of Big Sandy Wash and in
the vicinity of the Cottonwood Cliffs. This tuff comprised a regional sheet
which can be traced as far north as the Grand Wash Cliffs and as far west as
the Black Mounfains in western Arizona (Young and Brennan, in press), It is
overlain by the Mohon Mountain volcanics (Young and Brennan, loc, cit.).

The Tertiary volcanic and sedimentary rocks a Fort Rock dome lie on a
mid-Tertiary erosion surface, parts of which are preserved in many places in the
surrounding region, Cross Mountain formed a prominent butte on this ancient
surface that rose at least 800 feet above the surrounding terrain. South and
west of Cross Mountain, a rolling to hilly surfuce was developed on Precambrian
rocks which had a relief comparable to that of the present surface on these rocks. The
surface at the site of present Fort Rock dome is discussed later and is shown on
paleogeographic Map 1 (fig. 9).

The mid-Tertiary erosion surface has been recognized in the Prescott-
Jerome area, along the Mogollon Rim, in the Seligman-Ashfork area, and on the
eastern and western Hualapai Plateau. Present topography in the Seligman-

Ashfork area and on the eastern and western Hualapai Plateau is apparently
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similar to the mid-Tertiary topography.

In the Prescott~Jerome area, the mid-Tertiary surface has been described
by Krieger (1965) and Anderson and Creasey (1958). It is overlain by gravel and
basalt of the Hickey Formation. A basalt flow in the Hickey Formation has a
reported pofassium—argon age of [0 to |l million years (McKee and Anderson,

1971; Damon, 1968, p. 49). Gravels filling a broad ancient valley under the
Mount Floyd volcanic field north and northeast of Seligman, Arizona, have

been described by Koons (1948, 1964)., The oldest basalt overlying these gravels
has a reported pofassium-argon age of 4 million years (McKee and McKee, 1972).
Similar gravels on the eastern Hualpai Plateau (Koons, 1948; 1964) are overlain

in one location by the basalt of Blue Mountain, which has a reported age of 14
million years (Damon, oral corﬁm.). . On the western Hualpai Plateau, deep canyons
were present in the mid-Tertiary erosion surface which were later filled by

thick deposits of alluvial and colluvial deposits and locally by volcanic rocks
(Young, [966). Most of the volcanic rocks in this area post-date the gravels

and include, from oldest to youngest, basalts or andesites, the Peach Springs
Tuff,” and younger basalts or andesites, The Peach Springs Tuff has a reported
potassium-argon age of 18 million years (Damon, 1964, p. 19). (A summary of
Cenozoic erosion, sedimentation, and volcanism in the above areas is given by

McKee and others (1964).

CRATER PASTURE FORMATION

Crater Pasture Formation is a new name applied here to a series of lava
flows, agglomerates, fuffs, and associated intrusive and sedimentary rocks in the
vicinity of the Fort Rock dome, Composition of the volcanic rocks ranges
from ultramafic to intermediate., The name, Crater Pasture, is taken from an

informal name used by local inhabitants for a fenced area enclosing the dome,
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which constitutes most of the area mapped (pl. ). As used in this report,
however, the name, Crater Pasture, refers to that part of the physiographic
crater inside the dome southeast of Crater Divide,

The Crater Pasture Formation is subdivided into eleven informal members
in or near the dome. Reconnaissance mapping (fig., 3) has indicated that other
volcanic rocks in an extensive area west and north of the dome are of similar
age and composition and can be included under this formational name. The
informal members are listed below with the oldest at the bottom. Rock-unit
names such as flow and agglomerate, refer to the major rock unii(s) of each
member. Geographic names are derived from features in and near the outcrop
areas. The general rock type in each member is listed in parentheses after
the name, Relative ages are unknown in the two pairs of members at the
bottom of the list.,

flow of Fault Canyon (olivine-sanidine trachybasalf)

tuff and agglomerate of Cinder Basin (';J.ivine trachybasalt)

sedimentary breccia of One OClock Wash (dominantly clasts of ’

hornblende trachyandesite and clasts of Precambrian rocks)

tuff and conglomerate of Hidden Pasture (olivine, hornblende frachyandesite)

flow of Lion Ridge (hornblende trachyandesite)

flow of Buffalo Ridge (hornblende trachyandesite)

flow of Annex Ridge (hornblende trachyandesite)

flow of Meadow Dam (hornbiende trachybasalt); tuff and flow of

Two OClock Gap (pyroxene trachyandesite)
flow of Eight OClock Gorge (limburgite); volcanic breccia and
flow of Road End Gap (olivine trachyandesite)
In addition to the informal members, the Crater Pasture Formation includes

a basal tuffaceous sandstone, a pyroxene trachyandesite sandstone and conglomerate,
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and four separate intrusive bodies, three of which appear related to three of the

informal members.

Type Section

The section exposed in Eight OClock Gorge, which cuts through the south-
west rim of the crater, is chosen as the type section for the Crater Pasture Formation.
The base of the section is located in NW /4, SW /4, NW |/4, sec. 10, T;
20 N; R 10 W. The section extends to the southwest through the gorge and
down the wash fo its junction with Fort Rock Creek. A total of between 500
feet and 600 feet of this formation is exposed in the gorge, depending on the
wall in which the section is measured. Another 60 feet of the youngest flow
in the formation is exposed farther down the wash.

In the gorge; ‘the Crater Pasture Formation overlies Precambrian rocks,
and all rocks in the formation dip abouf 50° to the southwest. Rocks in this
formation underlie the rim of the crater on the southeast side of the gorge, but
on the northwest side, they underlie a flatiron-like escarpment on the flank of
a hill of granite pegmatite and other Precambrian rocks. Five units are present
in the type section, the flow of Eight OClock Gorge, the flow of Meadow Dam,
the flow of Buffalo Ridge, the sedimentary breccia of One OClock Wash, and
the flow of Fault Canyon.

The basal confact of the Crater Pasture formation is well exposed (and
slightly faulted) in a gully in the southeast wall of the gorge. Here, a few
inches of buff to orange tuffuceous sandstone overlies Precambrian gneiss and
cataclasite and is in turn overlain by black, massive, amygdaloidal limburgite
of the Eight OClock Gorge flow. The limburgite varies in thickness in the
gorge from about 30 feet on the southeast wall to about 70 feet on the north-

west wall. Just above the flow is a thin, orange, fine-grained tuffaceous

sandstone.
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The Eight OClock Gorge unit is overlain by gray hornblende trachybasalt

of the Meadow Dam flow; the contact is well exposed in the northwest bank of
the wash. The Meadow Dam flow is about 135 feet thick here. It has
excellent flow cleavage throughout, except in its basé‘leev;/- Feef’.Vkv'lf is
overlain by about a foot of maroon volcanic sandstone and conglomerate in the
northwest wall of the gorge.

Blue-gray hornblende trachyandesite of the Buffalo Ridge flow, 205 feet
in thickness, overlies the Meadow Dam flow and the thin sandstone and
conglomerate unit. Two to three feet of trachyandesite lapilli tuff, made up
of yellow-brown clasts with abundant hornblende, occur at the base of the flow.
The flow has flow cleavage near its base, is massive in its central and upper
parts, and has a rough brownish, varnished, aa top.

Structural complications are seen in the Buffalo Ridge flow in Eight
OCloﬁ:k Gorge. On the northwest wall, two bodies of breccia are exposed.
One body extends upward from the base of the flow to deep within the flow;
the other body is found in the central part of the flow. The breccia in both
bodies is locally reddened and is thought to be flow breccia. Both breccia
bodies are exposed only a few feet above the wash bottom and are shown on the
geologic map (pl. I). Another structural complication is the presence of three
shingle-like thrust faults in the upper part of the flow. The apparent thickness
of the flow is increased by these faults in the vicinity of a sharp kink in the
gorge.  This kink appears to be controlled by the upper fault. All of these
faults apparently formed open fissures which were later filled by the sedimentary
breccia of One OClock Wash.

Past the kink in the gorge, the gorge walls diminish sharply in height on

the flank of the dome. The flank is underlain in part by two breccia units.
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The older breccia is the One OClock Wash sedimentary breccia of the Crater
Pasture Formation. The younger is the Noon Gorge sedimentary breccia, which
is a member of the Fort Rock Creek Rhyodacite. The basal contact of the One
OClock Wash breccia is exposed in the northwestern wall of the ;;ofgé and is
highly irregular owing to the rugged topography on the top of the flow, which
had been offset by thrusting prior fo deposition of the breccia. The thickness
of the breccia, consequently, varies from a few feet to about 200 feet in this
area. The breccia consists of gray, red-brown, and yellow-brown clasts of
Buffalo Ridge flow, a trace or more of black to light green ash, and a trace
of clasts of Précambrian rock. The contact between this breccia and Noon
Gorge sedimentary breccia is subtle and poorly exposed. It trends steeply down
the hillside on the northwest side of the wash, intersecting the wash only about
50 feet downstream from the lost outcrop of Buffalo Ridge flow. On the south-
west side of the wash, essentially all the breccia exposed belongs to the Noon
Gorge sedimentary breccia. The One OClock Wash sedimentary breccia on this
side of the wash forms only a few isolated pockets on top of the thrust plates in
the Buffalo Ridge flow.

Three hundred feet farther down the wash, the One OClock Wash sedimen-
tary breccia is overlain by a higher member of the Crater Pasture Formation, the
Fault Canyon flow, although its contact with the flow is not exposed. At this
location, beds are relatively flat-lying, as they lie beyond the structural flank
of Fort Rock dome. The Fault Canyon flow is a black, olivine-sanidine trachy-
basalt. It forms the walls of a shallow canyon extending from this location to
the junction of Eight OClock Wash with Fort Rock Creek. On top of the flow,
pockets of distinctive agglomerate are seen which consist of vesicular grayish-

brown clasts in a fine~grained, white, tuffaceous matrix.
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The contact between the Fault Canyon flow or the agglomerate and the overlying
Noon Gorge breccia of the Fort Rock Creek Rhyodacite is well exposed in the
northwest bank of the wash at the point where outcrop of the flow is first
encountered, It is also exposed in a small gully on the same side of the wash
just around the bend in the wash at this point. Farther down the wash, the
Fault Canyon flow is directly overlain by the pumice-rich Old Siage Road

Member of the Fort Rock Creek Rhyodacite.

Reference Section

A reference section for the Crater Pasture Formation is designated in
Six Thirty Wash, which cuts info the southern rim of the crater. The base of
this section is located in the SW 1/4, NW |/4, SE 1/4, sec. 10, T. 20 N., R.
10 W,; it is 800 feet west of Road End Gap, on Buffalo Ridge. The reference
section extends southeastward into Six Thirty Wash and on down the wash to its
junction with Six OClock Wash, The total exposed thickness of the Crater
Pasture Formation in this section is about 800 feet.

In Six Thirty Wash the rocks of the Crater Pasture Formation dip about 75°
to the south, At the base of the section these rocks underlie the rim of the
crater. Six units are exposed, the volcanic breccia and flow of Road End Cap,
the flow of Annex Ridge, the flow of Buffalo Ridge, the sedimentary breccia of
One OClock Wash, the agglomerate and tuff of Cinder Basin, and the flow of
Fault Canyon, |

The basal contact of the Crater Pasture Formation with Precambrian rocks
runs precisely along the crest of Buffalo Ridge in this area and can easily be
exposed by digging. The basal Crater Pasture unit here is the Road End Gap
volcanic breccia and flow, which is estimated to be 300 feet thick in this

section. Rock of this unit is olivine trachyandesite. The volcanic breccia
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consists of black, vesicular clasts in a reddened matrix. Flow rock varies from
light grayish brown to black; the black variety is commonly vesicular, Flow
rarely shows flow cleavage and is generally massive, In this locality, flow
commonly grades into volcanic breccia: however, colluvium is fairly thick on
the Road End Gap rocks and internal contacts are difficult to follow.

At the head of Six Thirty Wash, on ifs east bank, is a good exposure
of the contact between the Road End Guap breccia and flow and the overlying
Annex Ridge flow. The upper part of the Road End Gap unit is a sedimentary
breccia, with clasts of Road End Gap trachyandesite up to 2 feet across. This
breccia grades upward into a conglomerate with clasts no larger than | centi-
meter across, The next higher unit is a bedded sedimentary breccia confaining
fragments of the Road End Gap unit, yellow-brown hornblende-bearing trachy-
andesite ash and lapilli, and clasts of Precambrian rock. The contact between
the Annex Ridge and the Road End Gap units is placed at the base of this
breccia. Above this breccia are thin beds of volcanic breccia, sedimentary
breccia, conglomeratic sandstone, tuff, and finally flow. The Annex Ridge
flow is approximately 350 feet thick and is exposed for about 400 feet on the
northeast side of the wash. On this side of the wash, the flow is light gray
to very light gray in color and is commonly brecciated, On the southwest
bank of the wash and in the bed of the wash, the upper part of the flow is
soft, light brown rock in confrast to the rock on the northeast side of the
wash,

On the slope on the southwest side of the wash, the Buffalo Ridge flow
is exposed, but it pinches outagainst the Annex Ridge flow before it reaches
the wash. The geologic map (pl. 1) provides a cross-section of this relation-

ship owing to the high dip of all units, In a low saddle west of the
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confact between the Road End Gap and Annex Ridge units in Six Thirty Wash,
the Road End Gap unit is in contact with the Buffalo Ridge unit. The sedimen-
tary breccia and conglomerate in the upper part of the Road End Gap unit are
missing here, however. The Buffalo Ridge flow is a somewhat darker blue-gray
than the Annex Ridge flow, but both flows are characterized by abundant
hornblende laths., The basal contact of the Buffalo Ridge flow swings south-
eastward from the saddle to a position above and parallel to the wash. Some
reddened breccia is associated with the contact in this area in addition fo
characteristic yellow-brown ash. The top of the Buffalo Ridge flow is dark,
varnished 60.

One OClock Wash sedimentary breccia overlies both the Buffalo Ridge and
Annex Ridge flows in this area. In the wash it forms a small flatiron over the
Annex Ridge flow with a dip of about 30° to the south. The breccia is seen
fo contain, in the wash, clasts of Annex Ridge flow, some of which are larger
than 4 feet across. About 100 feet down the wash from the basal contact of the
breccia, it contains clasts of Precambrian rock’ts and Road End Gap(?) olivine
trachyandesite.

At a bend in Six Thirty Wash, 140 feet south of the Annex Ridge flow,
the One OClock Wash breccia is in contact with an agglomeratic unit in
the overlying Cinder Basin tuff and agglomerate member of the Crater Pasture
Formation. The contact is here covered by alluvium. Trachybasalt agglomerate,
with bombs exceeding 10 feet in dimension, is exposed from the bend in the wash to
junction of Six Thirty and Six OClock Washes. Agglomerate is also exposed in a
‘gully which joins Six Thirty Wash from the west at this bend. The basal contfact
of the Cinder Basin tuff and agglomerate extends fo the west from this bend

under colluvium, through a low saddle, The contact also extends to the east,”
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under colluvium, and is exposed in Six OClock Wash. Overlying the agglomer-
ate on the hill south of the bend is an orange volcanic sandstone and sedimen-
tary breccia, which is part of the Cinder Basin unit. This deposit is exposed
both on the north side of the hill and on the south side of the hill, in Six
OClock Wash. It contains clasts of Annex Ridge(?) flow (up to 4 feet across)
and Precambrian rocks in addition to trachybasalt clasts, Taken together the
agglomemi‘éx and sedimentary units in the Cinder Basin member have a thickness
of about 65 feet in the vicinity of this hill.

The hill is capped by black, poorly banded frachybasalt of the Fault
Canyon flow, which, in this area, forms a low, north-facing escarpment on the

flank of the dome.

Basal Tuffaceous Breccia .and Sandstone

Distribution and physical features. In a few isolated localities along the

contact between the Crater Pasture Formation and Precambrian rocks, tuffaceous
breccia and sandstone (cs) are exposed. The thickest deposit, 30 feet, is found
in Nine OClock Wash. In Four OClock Wash, a shallow excavation in the
wash bottom revealed more than 4 feet of such deposits. In the southeast wall
of Eight OClock Gorge, basal tuffaceous sandstone deposits are about a foot
thick. At the base of the Road End Gap volcanic breccia and flow, a thin,
bedded, dark-olive tuff is found in many localities which is too thin fo map
separately but which contains ash that is petrographically similar to ash found
elsewhere in the basal brecc'ia and sandstone. These basal deposits are poorly
resistant to erosion and difficult to map separately, but they are important
locally in determining structure in the rim.

Pefrog’rcphy., The lower part of the basal tuffaceous sandstone and breccia

in Nine OClock Wash is a breccia consisting of crudely bedded clasts of
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Precambrian rocks, up to 6 inches across, in @ matrix of moderately sorted sand-
stone, The sandstone confains a trace of red-brown ash and is cemented by
caliche, This breccia is about 20 feet thick and grades upward info @ maroon,
moderately well sorfed, thick-bedded, tuffaceous sandstone consisting dominantly
of red-brown ash, In Four OClock Wash, the lower part of the basal unit is
a breccia which shows an increase in both sorting and ash-content from base
to top. It is about 3 feet thick and is overlain by a I-foof-thick bed of red,
moderately well sorted, fuffaceous sandstone succeeded by a 6-inch-thick bed
of olive~brown fuff.

The ash in these deposits is yellow-brown to dominantly red-brown in thin
section and is microvesicular. [t confains abundant (15 to 30 percent) serpen-
tinized olivine grains which occur as phenocrysts, microphenocrysts, and (rarely)
groundmass grains in a glassy to opaque matrix. The ash in the deposits in
Eight OClock Gorge confain rare pyroxene phenocrysts and commonly has a
groundmass of plagioclase laths and yellow-brown to red-brown glass. The ash
in the Four and Nine OClock Wash deposits contains no pyroxene and has a
dark, dusty fo opaque matrix.

In addition to mafic ash, the bed of breccia in Four OClock Wash
contains a trace of felsic volcanic clasts up to | centimeter in size, These
clasts contain small phenocrysts and microphenocrysts of sanidine, plagioclase,
biotite and hornblende in a groundmass of sparse feldspar laths and cryptocrys-
talline felsic minerals, These clasts are either latite or rhyodacite and are
petrographically similar to the rhyodacite infrusive body (rf) in the gully at
the head of Five OClock Wash,

Volcanic Breccia and Flow of Road End Gap

Distribution, stratigraphy, and physical features, The volcanic breccia

and flow of Road End Gap is exposed in the southeastern and southern parts of
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the rim of the crater from the southwest flank of Three OClock Hill to the crest
of Buffalo Ridge. It consists of volecanic breccia (crb) interlayered with five
relatively small flows (crl to cr5 numbered in order of age): There is a
successive increase in maximum flow thickness from flow |’(3O feet to 65(?)
feet) to flow 2 (65 feet to 110(?) feet) to flow 3 (215(?) feet), and there is
also a successive shift southward of the centers of the outcrop areas of these
three flows. Flows 4 and 5 are west of the first three flows and have maximum
thickness of 10 feet and 35 feet respectively, The Road End Gap unit as d‘Whole
is thickest near the head of Six Thirty Wash where it may be as much as 300 feet
thick. The section exposed in Road End Gap is representative but not complete.

The volcanic breccia and flow of Road End Gap is more colorful than the
rest of the Crater Pasture units; the rocks are black, red, red-orange, and
yellow-brown. It also tends to be less resistant to erosion and more commonly
covered by colluvium than the adjacent flows in the formation. Except for a
few outcrops of ifs flows, it rarely forms the blocky outcrops that are typical
of other volcanic units.

Relationship to other units. This unit overlies Precambrian rocks and

pockefs of the basal tuffaceous sandstone and breccia of the Crater Pasture
Formation. It terminates on the crest of Buffalo Ridge before reaching fhe

flow of Eight OClock Gorge; hence, its age relative fo this unit is unknown.

it is overlain on ifs northeastern edge by pockets of i‘uff of the Two OClock Gap
unit, which are too small to be shown on the geologic map (pl. ). It is over-
lain in several places, including ifs northeastern edge, by deposits of a
pyroxene-trachyandesite sandstone and breccia of the Crater Pasture Formation.

In most places, it is overlain by Annex Ridge flow, Its western part is
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overlain by Buffalo Ridge flow. A vent for the Buffalo Ridge flow cuts this
unit, as does a sill of the Fault Canyon unit.

M‘I The thickest section of the Road End Gap unit and also the
thickest sections of flows 2 and 3, which are the major flows in the unit, are
located on the southern rim of the crater. Unless these thicknesses merely
represent fillings of a local dépression, the vent for the Road End Gap lavas
probably lies to the south of this area.

Petrography. The volcanic breccia (crb) consists of black, vesicular clasts
in a fan to reddish matrix, Clasts rarely exceed a foot or so across. Flows |
and 4 consist of rock which is medium gray on fresh surfaces, grayish brown on
weathered surfaces, nonvesicular, and has flow cleavage., Rocks of flows 2 and
5 are dark brownish red or dark tan on fresh surfaces, reddish-orange on
weathered surfaces, and have no flow cleavage. Flow 3 is either black and
vesicular or medium gray and non-vesicular, All rock in the Road End Gap
unit confains red-brown-rimmed phenocrysts of olivine up to 3 millimeters across.

Flow | confains plagioclase, sanidine, olivine, augite, opaque minerals,
and apatite and has a color index of about 35 (Table 2), Recognizable sanidine
is subordinate to plagioclase but exceeds 10 percent of the tofal rock, On the
basis of its color index, lack of quartz, and presence of more than 10 percent
sanidine, the rock is classified as an olivine trachyandesite.* The presence of
sanidine in the groundmass, suggested by chemical and normative analyses
(Table 3) was confirmed using an electron microprobe. The sanidine occupies
interstices between plagioclase laths and tends fo confain abundant apatite

needles. Plagioclase has a composifion, as indicated by probe analysis, ranging

*The rock classification by Williams and others (1954) is used in this text
for the naming of all igneous rocks.
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from sodic labradorite to oligoclase, Olivine occurs as phenocrysts up to 3 mm
in diameter and averages about 0.6 mm, [t is altered to brown vermiculite(?)
on its rims. Diopsidic augite is equally distributed in volume percent between
phenocrysts (commonly glomerophenocrysfs) and groundmass. The phenocrysts are
similar in size to those of olivine. An unidentified, secondary mineral of low
index, low birefringence, light brown color, and cryptocrystalline to radial~
fibrous habit is commonly found in interstices between plagioclase laths and is
generally occluded by red hematite dust and apatite needles, The texture of
the rock is p”oic:xiﬁc;

In contrast to rock of flow I, clasts of the volcanic breccia (crb) have a
groundmass consisting of light yellow-brown to dark red-brown glass, subaligned
plagioclase laths, a felt of diopsidic augite prisms and apatite needles, and
opaque minerals, Crystalline phases have sharp relief and definition against the
glass. Rock of flow 2 is similar to rock of the volcanic breccia except that
cyptocrystalline material, which is heavily occluded by red hematite dust,
occurs in the groundmass in the place of glass.

Chemical Composition. In three chemically analyzed samples of this

unit (Table 3), silica, recalculated on a water-free and calcium-carbonate-free
basis, ranges from 56 percent to 58 percent, well within the range of interme-
diate composition (52 percent to 66 percent). Potash averages around 3 percent,
and normative potassium feldspar averages around {9 percent, A lower limit of 10
percent modal or normative potassium feldspar is used by Williams and others
(1954, p. 97) for trachyandesite, Chemical and modal data are, thus, in

accord in classifying rock of this unit as a trachyandesite,

Flow of Eight OClock Gorge

Distribution, stratigraphy, and physical features, The flow of Eight OClock

Gorge crops out in the southwestern and western rim of the crater from the middle
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TABLE 3. Chemical and Normative Composition of Rocks of .

the Crater Pasture Formation.

clastic unit,

Unit sampled
(map labetl) erb
Sample number 189
Oxide
Si0, 54.5
A‘ZOS 4.0
F6203 4,2
FeO 2.79
MgO 7.7
CaO 6.4
Na, O 2.7
K,0 2.6
Tio, 1.03
P2O5 0.37
MnQ 0.11
H,O+ 1.54
H,O- 1.30
co, 0.19
Total 99.4

. . i
Normative mineral

Qz 7.53
Or 15.98
Ab 23.77
An 19.15
Co -
Dp 7.89
Hy 16,45
o] -
M1 6,33
Ht -
H 2,04
Sph --
Rut ' -
Ap 0.88
Total 100.00
Color index 32,70
An/(Ab +An) 44,62

Or/(Or +Ab +An) 27.13
Sio

(HyO=, CaCO4-free)™ 68

crl

190

(*) denotes a single clast from a

cr2

195a

Weight percent

56,2
3.9
3.6
3.24
7.4
6.6
3.2
3.1
.02
0.34
C. 1
0.72

0.67

<0.05
100.1

0.78
100,00

34.25
34,74
30.63

56.93

56.6
8.7
4.0
2.25
7.4
5.6
2,9
3.6
0.93
0.36
0.10
.19
0.96
<0.05
99.6

0.84
100.00

31.40
35.90
35.72

58.09

47.2
2.5
6.3
3.33
6.7
1.6
1.8
2,9
1.78
0.64
0.14
1,83
.52
1.4
99.7

1.57
100.00

42,44
53.42
34.38

50.70

cef

294

49.0
13.0
5.8
3.61
8.1
10.3
2.4
3.0
0.1
0.76
0.15
1.97
1.0%
0.56
99.6

1.82
100.00

42.82
49.18
33.64

51.46

YNormative minerals are calculated after sublracting chCO:3 from the oxides.



TABLE 3 continued

T emf
Sample number 227
Oxide
Sio, 5/.8
A'ZOS 13.8
FeyOq 7.5
FeO | 0.99
MgO 6.7
CaO 8.1
Na,O 3.4
K,0 2.3
TiO, 1.25
PZOS 0.66
MnO 0.13
H, O+ 1.26
H,O- 1.47
Co, 0.26
Total 99.6
Normative mineral
Qz 2.56
Or 4,12
Ab 29,89
An 16.21
Co -
Dp 15,05
Hy 0.3
Ol -
Mt --
Ht 7.79
il 2,46
Sph 0.0!
Rut -
Ap 1.56
Total 100,00
Color index 35.66
An/(Ab +An) 35.17
O:/(Or +Ab +An) 23,44
S50, 53
.79

(HZO—, CaCO3~free)

eml cm?2
439 440
Weight percent
51.8 50.0
15.1 4.7
8.7 6.9
0.60 .2
4,5 4.6
6.2 8.7
3.3 2.9
2.5 3.1
1.6 .2
0.74 0.9%
0.14 0.13
2.4 i.6
2.4 {.8
<0.05 1.6
100.0 99.4
6.95 5.19
15.53 [9.84
29.35 26,58
19.99 19.44
- 3.44 7.27
.18 9.03
- 0.88
9.14 6.86
1.65 2.47
2,00 -
1.77 2,44
100,00 100.00
26.41 26,52
40.51 42,24
23.94 30,13
54,42 54,12

ctb

148

52.3
5.0
5.3
.80
6.4
7.2
2.9
2.8
0.85
0.49
0.1
2,42
2,19
<0.05
99.8

ctf

178b

54,9
5.3
5.1
2.16
5.8
6.7
3.8
2.4
1,25
0.44
0.10
1,05
0.9
<0.05

100.0



TABLE 3 continued

Unit sampled

(map label) caf
Samplc number 154¢
Oxide
Si0, 55.3
AlQOS 16.8
Fe203 6.5
FeO 1.17
Mg©Q 2.6
CaO 5.4
Na, O 4.0
K,0O 3.2
Tio, .12
P,Og 0.64 ]
MnO 0.12
H, O+ .27
H,O- 1.4}
co, <0.05
Total 99.5
Normative mineral
Qz’ 7.27
Or 19.53
Ab 34.96
An 19.05
Co --
Dp 3.35
Hy 5.14
0] -
Mt 0.95
Ht 6,06
il 2.20
Sph --
Rut -
Ap ‘ 1,51
Total 100.00
Color index 17.68
An/(Ab +An) 35.27
Or/(Or +Ab +An) 26.56
310, 57.10

(HZO-,CQCO3'Free)

cam cis
167 326a
Weight percent
56,2 56.0
16.9 16.3
6.8 6.9
<0.05 0.8
2.9 3.1
5.9 5.2
4.1 3.6
2.9 3.1
0.96 .15
0.57 0.71
0.1 0.12
1.80 1.42
.12 0.95
<0.05 0.12
100.3 99.5
7.47 10.34
17.61 18.91
35.65 31,45
19.68 19.79
2,78 0.84
6.13 7.58
6.99 7.12
0.24 2,14
2,11 0.15
1,33 1.67
100.00 100.00
18.25 {7.83
35.57 38,62
24.14 26,96
57.74 57.80

cis’
328

52,1
16.0
7.1
0.95
3.5
3.9
2.4
3.1
.04
0.66
0.15
2.80
4.19
0.44
99.3
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TABLE 3 continued

8:(:; Sﬁ;@s:;d cbf cbi cbf cbf(?) cic
Sample number 235 232 29la 29lc 429
Oxide Weight percent
Si0, 56.0 54.1 55.7 53.9 55,6
A|203 15.8 16.3 16.1 6.0 16.5
Fey0g 6. 5.2 7.5 5.2 6.4
FeO 1.25 2,44 0.03 2.72 i.2
MgO 3.4 4.3 4,0 4.4 2,7
CaO 5.7 6.9 6.9 7.6 5.3
Na, O 3.9 3.7 4.3 4.2 3.7
K,O 3.2 2,9 2.7 2.7 2.9
TiO, [.10 1,13 1.05 1.25 1.2
P,Og 0.74 0.75 0.71 0.65 0.76
MnQO 0.1 0.13 0.14 0.13 0.09
H, O+ 0.9 0.86 " 0.84 0.58 [.6
H,O- 1.00 0.69 0.39 0.32 1.6
CO, 0.20 0.29 0.29 0.44 <0.05
Total 99.9 99.7 100.7 100.1 99.55
Normative mineratl
Qz 7.90 5.51 4,85 2,35 i0.44
Or 19.39 18,00 16,16 16.25 17.79
Ab 33.84 33.52 36.86 36.21 32,51
An 16.58 i8.13 16.88 17.16 20,62
Co - - -— _— -—
Dp 4.82 7.23 6.39 i0.97 .19
Hy 6,45 7.0i 7.13 6.07 A3
Ol - - -- - -
Mt 1.23 3.64 -- 5.67 0.71
Ht 5.92 2.97 7.59% 1.38 6.15
i 2.14 2,32 0.37 2,82 2,37
Sph -- - 2,14 - -
Rut - - - - --
Ap .73 .67 .64 1.5 .80
Total 100.00 100,00 100.00 100,00 100,00
Color index 20,56 23.18 23,61 26,52 16.85
An/(Ab +An) 32.88 35.10 31.41 32.15 38,81
Or/(Or +Ab +An) 27,78 25,85 23,12 23.35 25,09
310 57.4] 56.24 56.40 54,89 57.71

(H,0-, CaCO4-fiee)



TABLE 3. continued

o, 01T clf
Sample number 1541
Oxide
SiOZ 54.8
Al,O4 16.0
Fe,Ox, 6.3
FeO 1,71
MgQO 3.7
CaQ 7.1
Na,O 3.8
K,0 2,9
TiO, i
PoO5 0.59
MnO 0.13
H,O+ 0.75
HZO‘ 1.2]
C()z <0.05
Total 100.1
Normative mineral
Qz' 5.51
Or 17.47
Ab 32.78
An 18.39
Co -
Dp 10,57
Hy 4.49
Ol -
Mt 2,27
Ht 4,51
H 2,15
Sph -
Rut -
Ap 1.37
Total 100,00
Color index 24,49
An/Ab + An) 35.95

Or/(Or +Ab +An) 25.45

Si0, 55,84
(HZO", CaCO5- free)

54

clf cie
171 NE
Weight percent
54.9 52.4
16.1 6.0
5.6 6.6
2,16 1.62
4.4 4.6
7.8 7.4
3.8 3.8
2.8 2.8
.13 I.i9
0.59 0.54
0.13 0.13
0.3l 0.78
0.44 .42
0.06 <0.05
100,2 99.3
4.08 1.64
16.66 {7.05
32.38 33.13
18.74 18.90
12.41 i1.90
5.28 6.28
4,14 2,26
2,78 5.24
2,16 2.33
1.35 1.27
100,00 100.00
26.77 28.02
36.66 36,32
24,58 24,68
55,27 53.98

chh
166a

50.3
14.8
6.2
1.35
4.8
8.1
1.9
2,2
1.05
0.56
0.12
3.49
4.25
0.29
99.4

ch
165

51.5
12,6
7.2
0.90
6.1
8.1
[.4
2,2
i.H
0.44
0.12
2.97
4.84
<0.05
99.5



TABLE 3. continued

o, R ch
Sample number 286
Oxide
Si()z 49.4
Al,Oq 4.5
Fe,Og 9.6
FeQ 0.3%
MgO 5.6
CaO 5.2
Na,O 1.1
K,0 0.8
Tio, 1.29
PoOg 0.27
MnO 0.15
H,O+ 5,03
H,O- 6,22
CO, 0.20
Total 99.7
Normative mineral
Qz 24,73
Or 5.37
Ab 10.58
An 25,85
Co 3.97
Dp -
Hy 15,85
Ol -
Mt -
Ht 10.91
I 1.23
Sph -
Rut 0.82
Ap 0.70
Total 100.00
Color index 28.80
An/(Ab + An) 70.96
Or/(Or +Ab + An) 12.85
310, 56.13

(HzO—,CqCO3~free)

n
n

ch*
28%al
52.9

16.1
7.5

.20

cct

250

Weight percent

50,6
13.2
8.2
[.10
5.7
9.2
2.2
3.0
1.51
1.27
0.15
.41
.84
0.23
99.6

6.6l
18.51
{9.44
18,05
14.79
7.96

cct*

240

47,2
12.1
7.5
2,53
7.2
1.2
2.9

cca

409

49.5
4.6
9.5
0.68
4.5
5.8

3.1



TABLE 3. continued

Unit sampled

(map label) cel
Sample number 414
Oxide
$i0, 51.9
Al,O4 13.3
Fe,Oq 8.9
FeQ 0.36
MgQO 5.5
CaO 4.3
Nazo 1.8
Ko,0 2.8
Tio, 1.2
P,O5 0.54
MnO 0.09
H,O+ 3.4
H,O- 5.1
Co, <0.05
Total 99.2
Normative mineral
Qz 16.35
Or 18.25
Ab 16.80
An 19.64
Co 0.87
Dp --
Hy 15.11
0]] : -
Mt -
Ht 9.8l
i 1.05
Sph -
Rut 0.77
Ap 1.36
Total 100.00
Color index 26,74
An/(Ab + An) 53.89
Or/(Or + Ab + An) 33,37

Sio,
(H20~, CGCO3-free)57.23

o
LN

ccd

410

49.3
13.7
2.3
0.88
6.0
8.3
2.7
1.7
i.5
1.3
0.13
2.3
2.8

<0.05

99.9

=

cem® cff cff
416a 406a 244
Weight percent
62.4 541 52.4
15.4 13.3 13.4
4,7 5.6 5.4
0.92 1.4 1.36
2.0 6.2 6.3
5.0 6.5 7.9
3.5 2.1 1.7
3.5 5.5 5.9
0.86 0.95 .02
0.42 0.74 0.69
0.05 0.03 0.10
0.73 1.5 0.90
0.47 2.0 i.21
0.08 <0,05 1,05
100.0 99.9 99.3
17.67 3.50 2,10
20,95 33.72 36,78
30.00 18.44 15.18
16.19 11.03 12,15
4.79 13.55 13.57
2,82 ?.73 10,26
0.64 1,93 1.85
4,32 4,48 4.42
- 1.65 1.87 2.04
0.97 1.75 .66
100.00 100.00 100,00
14,23 31.57 32,14
35.05 37.43 44,46
31.20 53.37 57.37
63.19 56.1 55,26



TABLE 3. continued

map Tobcly. <
Sample number 280a
Cxide
Si0O, 55.9
Al,O4 13.8
Fe,O4 5.8
FeO 1.33
MgO 5.3
CaO 6.6
Na, O i.8
K,0 6.3
-TiO, 0.98
PrO5 0.69
MnO 0.10
HyOt <0.0!
H,O- .12
CO, 0.i8
Total 99.9
Normative mineral
Qz 5.28
Or 37.86
Ab 15.49
An .16
Co Tem
Dp 12,76
Hy 7.5
Ol -
Mt 1.80
Ht 4.65
il [.89
Sph -
Rut -
Ap 1.60
Total 100.00
Color index 28.61
An/(Ab + An) 41.89
Or/(Or. + Ab + An) 58.68
5107 56.83

(HzO", CaCO3-free)

cip
331

41,5
10.3
5.6
6.54
14.9
1.5
2,7
0.9
2,99
0.77
0.18

1.96

0.62
0.33
100.8

5.46
7.75
13.69

"29.48

ol19.16
ne 8.50
8.33

5.83

unmapped rocks from Crater

Pasture Formation

45%b

Weight percent

48.6
12.5
9.7
0,92
6.9
8.8
2,0
3.5
2.0
0.89
0.16
2,2
1.8
<0.05
100.0

45%9¢

46,4
2.1
5.9
4,1
1.4
9.8
2.9
.2
1.9
0.86
0.15
2.5
0.8l
<0.05
100.0

2,03
100.00
48,22
40.15
14,74

47.98

334

49.4
13.1
8.6
1.4
7.4
9.6
3.2
1.6
1.80
0.89
0.14
2.04
1.18
0.13
100.5

.22
9.75
27.94
17.19

2,09
100,00
41.8l
38.09
7.77

50.94



TABLE 3.

189
190
195a

294
227
439
440

148
{78b

154¢
167
326a

328
235

232
29la
29lc
429
154f
171

NE

166a
165
286
28%a1l
250
240
409
414

continued

L8

Sample location

northwest side of Four OClock Hill

northwest bank of wash in Fight OClock Gorge

top of Nine OClock Hill

southeast end of Meadow Dam flow on Buffalo Ridge

east bank of Fort Rock Creek south of Eight OClock Wash

high cliffs on west side of Fort Rock Creek south of
Eight OClock Wash

near base of Two OClock Gap flow northwest of Two

OClock Gap
base of Two OClock Gap flow northwest of Two OClock
Gap

northeast bank of Four OClock Wash
northeast end of Hidden Pasture

dike on north side of Six OClock Hill northeast of Road
End Gap

gully at head of Five OClock Wash

base of Buffalo Ridge flow east of high point on Buffalo
Ridge

boot-shaped intrusive body on Buffalo Ridge
reddened base of Buffalo Ridge flow on Noon Hill

_massive upper part of Buffalo Ridge flow on Noon Hill

dike southeust of Crater Divide in southern half of Crater
base of flow on northeast bank of Four OClock Wash

base of flow on east wall of Noon Gorge west of One

OClock Hill fault

northeasternmost intrusive body on southeastern edge of
Eight OClock Basin

northern end of Hidden Pasture

east side of Noon Hill

head of Cinder Basin Wash

head of Tyrie Wash

east side of Cinder Basin

east bank of wash in Fault Canyon



410
4|6a
406a
244
2800
33l
459b
459¢
334

Cinder Basin near head of Fault Canyon

east wall of Fault Canyon

north bank of Six OClock Wash east of Cinder Basin

head of Tyriu Wash

north bark of Eight OClock Wash

fow saddle at northeast end of mound at bend in powerlines
east side of large wash southeast of Number One Well

" #

wash on north side of hill underlying Indian ruins
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of - Buffalo Ridge to the northern flank of Nine OClock Hill, This unit
consists of flow and minor infolded agglomerate (cef) and a thin overlying
deposit of sandstone and granule conglomerate (ces). Maximum thicknesses are
70 feet for the flow and 10 feet for the sandstone. This unit is thickest and
best exposed in the vicinity of Eight OClock Gorge.

The flow (cef) is poorly resistant to weathering and is generally covered
by colluvium. Where it crops out, it forms low, black, grussy outcrops. The
sandstone (ces) is generally nonresistant, but does form a ledge on the northeast
flank of Nine OClock Hill.

Relationship to other units.  The Eight OClock Gorge flow overlies

Precambrian rocks and pockets of basal tuffaceous breccia and sandstone of the
Crater Pasture Formation. It is overlain by the flow of Meadow Dam in the
southeast and by a pyroxene-trachyandesite sandstone and conglomerate of the--
Crater Pasture Formation in the northeast.

Source. This unit is thickest in the vicinity of Eight OClock Hill and

Eight OClock Gorge. This area may have been the site of an old valley which
the flow followed to the northeast. The source of the flow is presumed fo
be west of Eight OClock Hill.

Petrography. The flow (cef) is black with white calcite amygdules up to
| em across and abundant red-brown pseudomorphs of olivine phenocrysts up fo
5 millimeters across. |t is massive; no flow cleavage is present. It contains
brown glass, plagioclase, sandine(?), pseudomorphs after olivine, augite,
biotite, apatite, opaque minerals, analcite,and calcite (Table 2). The rock is

a limburgite (Williams and others, 1954, p. 74). In thin section, olivine is seen

to be completely altered, and its pseudomorphs range in size from 50 M fo'5 mm.

The pseudomorphs are rimmed by very fine-grained red and yellow-brown
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minerals which may be iddingsite and vermiculite, respectively. The interior
of the grains are serpentine. Augite occurs as microphenocrysts ranging in size
from 50 pup to 0.5 mm. These microphenocrysts generally have distinctive
hour-glass zonation and commonly occur in stellate to cruciform clusters. The
groundmass consists of brown glass, arborescent opaque microlites,or scopulites,
plagioclase laths, anhedral, low-birefringent feldspar, tiny biotite flakes, and
apatite needles. The scopulites are generally arranged in fan-like clusters
and plagioclase laths are intergrown with them. Rarely, plagioclase forms larger
laths arranged in a more or less regular, criss—cross pattern,or "house-of-cards".
Much of the anhedral feldspar, which appears as low-birefringent patches in the
glass and in interstices between scopulites, probably is sanidine. Biotite flakes
commonly are arranged in a "house~of-cards" pattern in the glass. A trace of
analcite is associated with the calcite amygdules. The 6 percent of "unknown
minerals" reported in the modal analysis (Table 2) refers to apparent hematite :
alteration of the scopulites and of biotite.

In another sample of the Eight OClock Gorge flow, plagioclase occurs
predominantly as lath-like microphenocrysts and the arborescent form of the
scopulites is suppressed.

The sandstone and granule conglomerate (ces) has colors of orange, maroon,
and olive-buff. 1t consists dominantly of red-brown, microvesicular ash which
confains pseudomorphs of olivine phenocrysts and microphenocrysts and also ‘micro-
phenocrysts of augite, commonly seen in stellate to cruciform clusters. The ash
most commonly has an occluded, glassy matrix, but holocrystalline ash is also
seen.

Chemical composition. In iwo ‘chemically analyzed samples of the Eight

OClock Gorge flow (Table 3), silica, recalculated on a water-free and calcium=
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carbonate-free basis, is about 5| percent, or within the range of basic composi-
tion (45 percent to 52 percent), Pofash content, about 3 percent in these
samples, is relatively high for the silica content, and is reflected in high norma-
tive potassium feldspar (about 18 percent) and in the presence(?) of sanidine in

the groundmass of the rocks.

Flow of the Meadow Dam

Distribution, stratigraphy, and physical features. The flow of Meadow

Dam underlies a low hill on the west side of Meadow Dam and a large hill
south of the dam, where it forms high cliffs on the west side of Fort Rock Creek.
It also crops out for about a thousand feet along the base of low cliffs on the
east side of the creek below fho_s- dam. Additionally, this unit is exposed in the
rim of the crater, where it is tilted to the southwest, In the rim, it crops
out from near the crest of Buffalo Ridge to near the top of Eight OClock Hill,
The unit consists chiefly of two flows, or two parts of one flow, which
can be distinguished in outcrops along Fort Rock Creek. A lower flow (cml)
is separated from an upper flow (cm2) by a thin (agglomeratic(?)) volcanic
breccia (cmm). Where there is no breccia separating the upper from the lower
flow, the unit is mapped as undivided flow (cmf). In the rim of the crater,
the unit is mapped as undivided flow, although it has been correlated with
the lower flow. (See pl. 3). Here, flow overlies a thin basal unit (cmb)
consisting of volcanic breccia and minor sandstone. The rim of the crater
provides the only exposure of the base of the Meadow Dam unit,
The maximum thickness of the flow of Meadow Dam in the rim of the

crater is 135 feet. In the large hill south of the dam, the maximum thickness
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of the upper flow is |35 feet, and the lower flow may be as much as 250 feet
thick.

The flow of Meadow Dam is relatively resistant to erosion and tends to
form blocky oufcrops; The upper flow is the most resistant part of this unit
and is responsible for the high cliffs on the west side of Fort Rock Creek.

Béldﬁbhsﬂiﬁ to other unifs. In the rim of the crater, the Meadow Dam

flow overlies the Eight OClock Gorge flow and is overlain by pockets of a
pyroxene trachyandesite sandstone of the Crater Pasture Formation and by the
Buffalo Ridge flow. Along Fort Rock Creek, the Meadow Dam flow is overlain
by pockets of conglomerate of the Cinder Basin unit and by the Fault Canyon
flow. On the southwest, west and northwest sides of the large hill south of
Meadow Dam, it is overlain by and, in one place, faulted against the Old
Stage Road Member of the Fort Rock Creek Rhyodacite.

Source, The large hill south of Meadow Dam apparently represents the
thickest accumulation of the. Meadow Dam flow: the vent for the flow probably
underlies the hill, OQutcrop of this flow in the rim of the crater may represent
a lobe which, like the Eight OClock Gorge flow, flowed northeast up an old
valley in Precambrian rocks.

Petrography. Qutcrops of this unit along Fort Rock Creek are massive;
whereas outcrops in the rim of the crater show flow cleavage. All rock in this
unit is medium gray on fresh surfaces and brownish gm); on weathered surfaces.
None of the flow is yesiculclr, although the upper flow has calcite-filled vugs.
Phenocrysts of hornblende are cbundan’r.r They are altered red-brown or dark
gray and are in some cases difficult to distinguish from the groundmass. Pheno-

crysts of green diopsidic(?) augite are also present but sparse,
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The rock is made up of plagioclase, sanidine, clinopyroxene, altered
olivine, altered hornblende, biotite, opaque minerals, and accessory minerals
(Table 2). On the basis of its high color index, 46, the absence of quariz,
and the presence of more than 10 percent sanidine, the rock is classified as
a trachybasalt (Williams, 1954, p; 57), or, in particular, a hornblende trachy-
basalt. In the sample examined, most hornblende grains are ‘fo’rally altered to
a mixture of granular opaque minerals, pyroxene and brown biotite, The
outlines of the original grains are preserved but their centers are ragged. Two
generations of hornblende grains are present, One-third of the hornblende
occurs as larger ‘sfubby prisms up to one centimeter in width; fwo-thirds occur
as smaller prisms and needles less than | mm in length, Clinopyroxene, including
both augite and pigeonite, occurs rarely as phenocrysts, abundantly as ‘micro-
phenocrysts, which range in size from 20 to 0.5 mm and, in some cases occur
in clumps, and abundantly as groundmass grains, I is upproximafeiy equally
distributed in volume percent between microphenocrysts and groundmass. Olivine,
completely altered to red-brown biotite , occurs as microphenocrysts up fo 0.2 mm
in diameter, Plagioclase occurs as subhedral, poorly twinned laths, arranged in
sheaf-like masses which sweep around phenocrysts, Sanidine(?) occupies infer-
stices, but the identity of this mineral has not been confirmed by probe analysis.
Secondary minerals are represented by a pinkish-brown crystocrystalline mineral
of high negative relief. No large petrographic differences appear to be present
among the various parts of ‘this unit, although the upper flow (cm2) is somewhat
finer grained than the rest,

Chemical composition. In three chemically analyzed samples (Table 3),

silica, recalculated on a water-free and calcium-carbonate~free basis, averages
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54 percent, which falls at the low end of the intermediate range of composition
(52 percent to 66 percent). Potash and normative pofassium feldspar average

2-1/2 percent to 17 percent, respectively.

Tuff and Flow of Two OClock Gap

Distribution, stratigraphy, and physical features. The tuff and flow of

Two OClock Gap consists chiefly of basal tuff and, locally, tuff breccia (ctb)
overlain by flow (ctf). The tuff reaches a maximum thickness of perhdps 50
feet on Quter Hill, where it is most extensively exposed. It is exposed in
the rim of the crater as a thin bed which extends as far as One OClock Wash,
on the norfhwesf,;:xnd Four OClock Wash on the south. The flow is confined
to the southeastern end of Lion Ridge, just northwest of Two OClock Gap,
where it probably reaches a thickness of about 125 feet. The flow has a vuggy
zone (cfz) on its northeastern flank which may be a flowj‘fop zong,

The tuff (ctb) thins abruptly to the southwest across the Upper Two OClock
Gap fault. On the southeastern end of Lion Ridge adjacent to the flow (crf),
the tuff is as much as 50 feet thick. Across the fault on the small knob
extending southwest of Lion Ridge, the tuff is at most a few feet thick. In Two
OClock Gap, the tuff is also thinner on the southwest side of the fault.
These consistent stratigraphic changes across the Upper Two OClock Gap fault
can be atiributed to movement on the fault during or after emplacement of the
tuff.

The tuff (ctb) is poorly resistant to erosion; its presence is revealed only
by uprooted trees in many locations. The flow (ctf) is relatively resistant and,
in a few locations, forms bldcky outcrops.

Relationship to other units, The tuff and flow .of Two OClock

Gap overlies Precambrian rocks everywhere where it is mapped (pl. 1), but in the
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vicinity of Four OClock Wash, it occurs in pockets too small to map on top of
the volcanic breccia of the Road End Gap unit. It is overlain by Lion Ridge
flow in most places and by Annex Ridge flow on the southern flank of Three
OClock Hill. Unmapped pockets of the tuff (ctb) in the vicinity of Four
OClock Wash are overlain in places by a pyroxene-trachyandesite sandstone and
conglomerate of the Crater Pasture Formation.

Source. A vent for the tuff (ctb) is probably located in the vicinity of
Outer Hill, where the tuff is thickest. The flow (ctf) must overlie its own vent
on the southeastern end of Lion Ridge, as the flow is entirely restricted to this
area.

Petrography. The basal tuff (ctb) is characterized by lapilli which weather
to an olive-green and contain rare green pyroxene phenocrysts up to several
millimeters across. Other clast colors include olive-buff, olive~gray, and
charcoal gray. Most clasts are microvesicular. In addition, the tuff includes
a few percent of clasts of Precambrian rock. Most of the Precambrian rocks
appear to be of local derivation, and, in fact, many may have come from Pre-
cambrian exposures on the southwestern wall of the Upper Two OClock Gap
fault. Some of the Precambrian clasts, however, appear deformed in the
tuff and hence may be xenoliths subsequently stripped of enclosing magma.

The flow (ctf) is nonvesicular and flow cleavage is developed poorly at ifs base.
It varies in color from light bluish gray to light maroon on fresh surfaces and
has a varnished exterior. The vuggy zone (ctz) is charcoal gray.

Rock of the flow is made up of’plogioclcse, sanidine, altered olivine,
clinopyroxene, orthopyroxene, hornblende, opaque minerals, and apatite (Table
2). The rock is a pyroxene trachyandesite. Its color index is about 38. Sani-

dine, which occurs as an interstitial mineral in amounts exceeding 14 percent
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was identified with the electron microprobe. Plagioclase, has a composition
ranging from sodic labradorite to sodic andesine as indicated by the microprobe.
In the modal onaiysis, about 3/4 of the pyroxene phenocrysts counted, or
about | percent of the rock, are orthopyroxene, including enstatite and hyper-
sthene, as determined by microprobe analysis. The remainder of the pheno-
crysts are augite. Orthopyroxene constitutes le;ss than 1/6 of the pyroxene
microphenocrysts, however. These grains range in size from 0.1 mm to 0.5 mm.
Groundmass pyroxene grains, or grains smaller than 0.1 mm, are apparently
all augite. Rims of augite and altered olivine are found around some ortho-
pyroxene grains; Olivine and hornblende occur in the rock as microphenocrysts.
The olivine is altered red-brown and in places attains sizes as large as 0.15 mm.
The hornblende occurs as needles and shows rim alteration to granular opaque
minerals and pyroxene. Fresh hornblende occurs only in the cores of the
larger needles, which in some cases reach | mm in length, The texture of the
rock is pilofaxitic.

In contrast to the flow rock, clasts of the tuff that were examined in
thin-section have fresh hornblende and a glassy matrix which varies in color
from yellow-brown to occluded reddish brown.

Chemical composition. In two chemically analyzed samples (Table 3),

recalculated silica averages 55-1/2 percent, well within the range of intermediate
composition. Potash content, averaging about 2-!/2 percent, and normative
potassium feldspar content, averaging about 6/perc.enf, are similar to contents

in the Meadow Dam hornblende trachybasalt and in the Road End Gap olivine

trachyandesite.
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- Pyroxene-Trachyandesite Sandstone and Conglomerate

Distribution and physical features. A minor unit of light maroon to red-

orange pyroxene-trachyandesite sandstone and granule conglomerate (cp), is

found in a few places around the rim of the crater. In the north wall of

Four OClock Wash, about 40 feet of this unit is exposed. In many places on
Four OClock Hill along the contact between the Road End Gap volcanic breccia
and flow and the Annex Ridge flow, a few inches of this sandstone and conglom-
erate can be exposed by digging. Discontinuous. outcrops are seen on Six
OClock Hill and Buffalo Ridge. The unit is exposed continuously from Eight
OClock Gorge to the top of Nine OClock Hill, cﬂainihg a thickness of at
least 25 feet and possibly 90 feet on Eight OClock Hill. Except for local
ledges, it is poorly resistant to erosion.

Relationship to other units.  This sandstone and conglomerate overlies

the volcanic breccia and flow of Road End Gap in the southeastern and
southern parts of the rim of the crater. In the vicinity of Four OClock Wash
it also overlies local pockefs of tuff of the Two OClock Gap unit. In the
southwestern and western parts of the rim, it overlies the Meadow Dam flow
and the Eight OClock Gorge flow. It is overlain by the Annex Ridge flow in
the southeast and south and by the Buffalo Ridge flow in the southwest and west.
Petrography. The sandstone and conglomerate are well bedded and
moderately well sorted. They consist dominantly of microvesicular gray, red,
and red-orange ash which contains abundant microphenocrysts of altered olivine
scattered phenocrysts of augite, and rare phenocrysts of (olivine-rimmed) ortho-
pyroxene. A few clasts contain abundant microphenocrysts of hornblende. The
matrix of the ash is dominantly red-brown, dark, occluded glass which contains

abundant tiny laths of plagioclase. Ash from this unit differs from ash in
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lower tuffaceous sandstone units (cs\ond ces) in confaining no olivine pheno-
crysts and in containing pyroxene almost exclusively as phenocrysts.

In oufcropg on Six OClock Hill and Buffalo Ridge, this unit is a brecciq;
it contains coarse clasts, including blocks, of Road End Gap olivine trachy-

andesite. The matrix between these clasts is pyroxene-trachyandesite ash.

Flow of Annex Ridge

Distribution, stratigraphy, and physical features. The flow of Annex

Ridge underlies the southeastern quadrant of the crater rim. It atfains a maxi-
mum thickness of about 400 feet, as measured on Six OClock Hill and pinches
out abruptly on Three OClock Hill and at Six Thirty Wash. It is a sfeep-s‘ided
dome, viewed nearly in cross section on the geologic map (pl. I) owing to its
high dip. The flow also underlies Annex Ridge, southeast of the rim and crops
out in-many places around the base of the Buttox Hills and the hills farther east,
beyond the area mapped.

This flow has been subdivided info a basal facies (cab), a lower flow
(caf), a flow-top zone (caz), and an upper flow (cam). The lower flow (caf)
is the unit which underlies the rim of the crater. The upper flow (cam) consti-
tutes all outcrops of the Annex Ridge unit southeast of the crater rim, including
outcrops on Annex Ridge.

A dike-like intrusive body on the north flank of Six OClock Hill (cis)
and a similar intrusive, which is largely altered to clay minerals, in the gully
at the head of Five OClock Wash (cis') are petrographically similar to the
Annex Ridge flow and are correlated with it.

The lower flow (caf) is slabby and is somewhat less resistant to erosion
than the adjacent Lion Ridge and Buffalo Ridge flows; consequently, Four

OClock Hill and Six OClock Hill, which are underlain by this flow, are
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low areas in the rim of the crater. The upper flow (cam) is massive and is
more resistant than the lower flow.

Relationship to other units. The Annex Ridge overlies the Road End

Gap volcanic breccia and flow in most places. Locally, it overlies a pyroxene-
trachyandesite sandstone and conglomerate of the Crater Pasture Formation and
pockets of tuff of the Two OClock Gap unit. At the northern tip of its outcrop
area it overlies Precambrian rocks in a few places. In the rim of the crater, it
is overlain by Lion Ridge flow on the north and Buffalo Ridge flow on the west.
On the flanks of the dome and beyond, it is overlain in different places by the
Hidden Pasture tuff and conglomerate, the One OClock Wash sedimentary
breccia, the Cinder Basin tuff and agglomerate, and the Fault Canyon flow, of
the Crater Pasture Formation, and by the Noon Gorge sedimentary breccia, the
Old Stage Road Member, and an unnamed rhyodacite-bearing sandstone, conglom--
erate, and breccia (fs), of the Fort Rock Creek Rhyodacite. It is intruded by
a dike of the basalt of Buttox Hills and by a dike of trachybasalt of the Fault
Canyon unit.

_S__c_>_u_r_<5_e_.‘ The upper flow (cam) probably overlies a major vent for the
Annex Ridge flow in the region southeast of the crater rim. The Annex Ridge
flow appears to have been extruded as a viscous dome in two sfages, which are
represented by the upper and lower flows (caf and cam). (See pl. 3). The
small intrusive body on the north flank of Six OClock Hill (cis) may occupy
a small vent for this unit.

Petrography. " The basal facies (cab), is characteristically a soft, buff to
light pinkish brown, (pyro-)clastic to microvuggy rock. It contains phenocrysts
and microphenocrysts of black hornblende as does all rock of the Annex Ridge

flow. In Six Thirty Wash this basal unit also includes volcanic and tuffaceous
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sedimentary rocks. The lower flow (caf) is light bluish gray to very light-
gray on both weathered and fresh surfaces. It is nonvesicular, "and has

flow cleavage, which is best developed toward the base of the flow.  The
flow-top zone (caz), is characterized by microvugs, some microbrecciation, a
light pinkish brown color on fresh surfaces, and a brownish weathering rind with
a rough, "warty" appearance. The "warty" appearance comes largely from the
selective preservation of hornblende phenocrysts during weathering. Hornblende
phenocrysts in the flow~top zone have, in many localities, resistant, brownish~
red to scarlef rims. Crude vertical partings in the flow-top zone distinguishes
it, albeit faintly, from the overlying flow (cam), which is very similar in all
respects but is massive.

A sample of the lower flow (caf) contains plagioclase, sanidine, horn-
blende, opaque minerals, apatite, and almost no pyroxene. The rock is a
hornblende trachyandesite. Its color index is about 2I. Analysis by electron
microprobe confirmed the presence of interstitial sanidine. All of the plagio-
clase analyzed was sodic labradorite, but the grains studied were all sharp
laths greater than 5 p in width. Further probe analysis might well reveal
andesine and oligoclase. Hornblende occurs as phenocrysts up to nearly | cm
in length. All hornblende is altered on the rim to very fine granular opaque
minerals; in the larger grains the core is altered to augite, plagioclase, opaque
minerals, and vermiculite(?). This alteration of the core gives the hornblende
Phenocrysts the appearance of rotted wood. Zoning, with up to three zones, is
observed in a number‘ of hornblende grains. Radial (spoke-like) strings of very
fine-granular opaque minerals is also seen. Hornblende microphenocrysts are
present which are sharply distinguished from the phenocrysts in size and shape.

These grains have lengths less than 0.5 mm and are needle-like. They are
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almost totally altered to opaque minerals. About one third of the hornblende
occurs as microphenocrysts; the rest occurs as phenocrysts. About one-fourth of
the apatite in this rock occurs as stubby prisms up to 0.25 mm in length.
These have a purple to violet tinge and characteristic striations parallel to
their long axes. The rest of the apatite occurs as needles in the ground mass.
The texture of the rock is pilotaxitic.

The dike-like intrusive body (cis) consists of blue-gray rock with
abundant prisms of black hornblende. In thin section the rock is identical to
the modally analyzed sample of the Annex Ridge flow except that the hornblende
is olive~green in color and unaltered. The altered intrusive (cis') is similar to
the dike-like body (cis) except that the feldspar in the ground mass has been
totally altered to clay minerals. OQutlines of plagioclase laths are still plainly
visible. The hornblende in this rock is unaltered.

Chemical composition. In two chemically analyzed samples of the

Annex Ridge flow (Table 3), recalculated silica averages about 57 percent, well
within the intermediate range of composition. Potash is about 3 percent, and
normative pofassium feldspar is between 18 and 19 percent. In silica content
and normative pofassium feldspar content, rock of this unit is most similar to the
olivine trachyandesite of the Road End Gap unit. Color index, however,
which averages about 18, is about Balf of that of rocks of the Road End Gap.
Rock from the dike-like body (cis) is chemically similar to rock of the
Annex Ridge flow (Table 3). Rock from thealtered intrusive (cis'), however,
is depleted in lime and soda, reflecting alteration of its feldspar to clay
(montmorillonite(?)). Depletion af lime and soda is the reason for lower
normative albite, anorthite, and diopside and higher normative quartz in this

rock.
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Flow of Buffalo Ridge

Distribution and physical features. The flow of Buffalo Ridge outcrops

continuously in the rim of the crater from the head of Six Thirty Wash to Wedge
Basin. In Sfx Thirty Wash, it pinches out abruptly against the steep side of the
Annex Ridge flow. North of Buffalo Ridge, the flow thins somewhat more
gradually. A block of petrographically similar rock rests, somewhat jumbled, on
top of deposits of the Hidden Pasture tuff and conglomerate on Noon Hill and

is correlated with the flow of Buffalo Ridge.

The Buffalo Ridge flow is divided into five subunits, a basal facies (cbb),
an intrusive breccia (cbt), which is an equivalent of the basal facies, the major
flow (cbf), with a flow-top zone (cbz), and a massive intrusive body (cbi),
which is an equivalent of the flow. The intrusive bodies of this unit (cbt and
cbi) are exposed on Buffalo Ridge. The extrusive material of fhé unit (comprised
by cbb, cbf, and cbz) attains a maximum thickness, atop Buffalo Ridge, of about
330 feet.

A dike in the vicinity of Crater Divide (cic) and a small intrusive body
at the south end of Eight OClock Basin (cic') are petrographically similar to
rock of the Buffalo Ridge unit and are correlated with it.

The flow, flow-top, and massive intrusive body (cbf, cbz, and cbi), are
resistant to erosion and fend to form blocky, often varnished, outcrops. This
unit is responsible for the presence of Buffalo Ridge and the series of flatiron-
like hills which form the rim of the crater to the north of Buffalo Ridge.

Relationship to other units. In order from south to north, the Buffalo

Ridge flow overlies the Road End Gap volcanic breccia and flow, which its
vents also cut, the Meadow Dam flow, a pyroxene-trachyandesite sandstone and

conglomerate of the Crater Pasture Formation, the Eight OClock Gorge flow, and
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Precambrian rocks. |t is overlain in different places on the flank of the dome
by the One OClock Wash sedimentary breccia and the Cinder Basin tuff and
agglomerate of th;e Crater Pasture Formation and by the Noon Gorge sedimentary
breccia and the Old Stage Road Member of the Fort Rock Creek Rhyodacite. It
is intruded by a dike of trachybasalt related to the Fault Cqﬁyon flow.

Blocks of this Buffalo Ridge flow are embedded in a conglomeratic bed
(chc) at the top of the exposed section of the Hidden Pasture unit on Noon Hill;
it would appear that the Hidden Pasture -unif is younger than the Buffalo Ridge
flow. The blocks embedded in this unit probably were deposited prior to a
landslide which brought the large jumbled body of Buffalo Ridge flow to rest on
top of the Hidden Pasture deposits in this location.

A tiny fragment of hornblende trachyandesite similar to that of the
Buffalo Ridge flow was identified in the basal clastic unit (clb) of the Lion
Ridge flow, suggesting that the Lion Ridge flow is younger than the Buffalo
Ridge flow.

Source. The infrusive breccia (cbt) and the massive intrusive body (cbi)
occupy venis for the Buffalo Ridge unit on Buffalo Ridge. These intrusives can
be traced continuously into their extrusive equivalents, and represent the only
explicit sources for any of the Crater Pasture extrusives except the Fault Canyon
flow (which has an explicit source at the head of Tyria Wash). The intrusive |
breccia penetrates the Road End Gap volcanic breccia and flow and, in many
places, follows the bedding in this unit. This breccia can be traced laterally
info tuff of the basal facies (cbb). The massive intrusive body (cbi) occupies
a boot-shaped bent on the fnner flank of Buffalo Ridge and a vent of indefinite
shape on the crest of the ridge where massive hornblende trachyandesite can be
traced continuously info the flow (cbf). A patch of flow breccia on the south-

western side of Buffalo Ridge, near the head of Tyria Wash is associated with
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changes in flowaanding attitudes in its vicinity; this breccia may occupy still
another vent. The‘ small dike in the vicinity of Crater Divide (cic) and the
small intrusive body at the south end of Eight OClock Basin (cic') may have
been minor sources for the Buffalo Ridge unit. Small concealed vents may also
lie west of the rim of the crater.

Petrography. The basal facies (cbb) includes tuff, minor tuffaceous
sandstone, and local flow-base breccia. The tuff is characterized by hodemfely
sorted, microvesicular, yellow to buff-weathering, coarse ash and lapilli
confaining abundant black hornblende prisms. The tuff contains rare accidental
clasts of Precambrian rocks and Road End Gap olivi;;'}rachyan(desife. The
infrusive equi;/olenf of the basal facies (cbt) is a breccia consisting of yellow
to buff-weathering lapilli-sized clasts of Buffalo Ridge rock mixed with abundant
maroon-colored fragments of Road End Gap olivine trachyandesite. The latter
fragments were apparently reddened during infrusion of the breccia. They range
in amount from less than 10 percent of the breccia up to almost 100 percent of
the breccia. The breccia is distinguishable from the basal facies in its lack
of sorting and in ifs high content ‘of these xenoliths. The flow (cbf) varies from
a blue-gray rock with flow cleavage, at the base of the flow, to a massive,
medium-gray rock with a varnish exterior, in the middle and upper parts of the
flow. The middle and upper parts of the flow are microvesicular and have
largely altered hornblende phenocrysts. The flow-top zone (cbz) is a brownish,
microvuggy rock. The intrusive equivalent of the flow (cbi) is a massive,
medium to dark gray rock which weathers gray-buff,

A sample of flow (cbf) from atop Buffalo Ridge (Table 2) is petrographi-
cally similar to rock of the Annex Ridge flow. It has a slightly higher color

index, 24. The hornblende content of this rock resembles that of the Annex
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Ridge flow in every way except that microphenocrysts make up only about a
quarter of the hornblende. Groundmass clinopyroxene (3-1/2 percent) and
opaque minerals (6‘percenf) are more abundant in this rock than in the Annex
Ridge rock, but apatite microphenocrysts (irace) and groundmass apatite grains
(trace(?)) are less abundant,

In Eight OClock Gorge, rock of the flow (cbf) is somewhat more mafic
than the sample described above. It confains a trace of small clinopyroxene
phenocrysts and also abundant (5 to |0 percent) groundmass pyroxene. Micro-
phenocrysts of hornblende and apatite are much diminished in number compared
to the sample from Buffalo Ridge. This rock is transitional in its petrography
to rock of the Lion Ridge flow, to be discussed below

Rock from the northern end of the Buffalo Ridge flow, in Wedge Basin,
is similar to the modally analyzed rock from Buffalo Ridge. It contains no
phenocrysts of clinopyroxene; however, it does contain abundant (5 to 10 percent)
groundmass pyroxene.

The large block of flow on Noon Hill preserves the gross stratigraphy of
the Buffalo Ridge flow, with an identifiable basal facies in at least two places.
Attitudes of flow banding within the block, however, are not consistent,
leading to the conclusion that the block is broken and structurally disarrayed.
Most of the rock in this block resembles rock atop Buffalo Ridge with its
characteristic abundant hornblende microphenocrysts, its trace of purplish apatite
microphenocrysts, and its low pyroxene content. Other rock in this block
resembles the more mafic rock of the Buffalo Ridéé flow seen in Eight OClock
Gorge or rock of the Lion Ridge flow.

The dike near Crater Divide (cic) consists of blue-gray rock with abundant

black hornblende prisms. In thin section the hornblende is olive-green and is
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unaltered. The rock resembles the modally analyzed rock from Buffalo Ridge
except that it does not contain hornblende microphenocrysts. The intrusive body
at the south end of Eight OClock Basin (cic') is a breccia confaining abundant
contact-mefamorphosed clasts of Precambrian rocks and multi-colored clasts of -
altered hornblende trachyandesite. The latter clasts contain abundant pheno-
crysts of hornblende which have been totally altered to a light yellow-green

clay mineral. The groundmass, like the groundmass of the altered infrdsive body
in the gully at the head of Five OClock Wash (cis'), has been completely
altered to clay minerals, but outlines of plagioclase laths are still plainly visible.

Chemical composition. Three chemically analyzed samples of the

Buffalo Ridge flow, samples 235, 232, and 2%9la (Table 3), are closely similar

in chemistry and also resemble the hornblende trachyandesite of the Annex Ridge
flow. These samples have slightly less silica, averaging 56-1/2 percent, and
slightly higher color indices, averaging 22-1/2, than the Annex Ridge flow. One
of these samples, 29la, is from the jumbled block of Buffalo Ridge flow on Noon
Hill. Another sample from this jumbled block, 29lc, is chemically (and
petrographically) similar to the hornblende trachyandesite of the Lion Ridge flow
(Table 3).

Dike rock ( sample 429) is chemically similar to rock from Buffalo Ridge,
although its lower modal hornblende content is reflected in a lower normative
color index.

Flow of Lion Ridge

Distribution, stratigraphy, and physical features. The flow of Lion Ridge

crops out in several large areas on the rim of the crater between Noon Gorge
and Four OClock Hill. On One OClock Hill and Lion Ridge, the flow consti-

tutes a band of outcrop of fairly uniform width, thinning out in Noon Gorge and
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pinching out against the Two OClock Gap unit on the southeast end of Lion
Ridge. On a small knob extending southwest from Lion Ridge near its southeast
end, the Lion Ridge flow forms two northwest-southeast-trending strips of outcrop
which terminate on the northwest side of the knob and converge in Two OClock
Gap. Two faults, the Upper and Lower Two OClock Gap faults, are responsible
for the repetition of the Lion Ridge flow in this area. Blocks have been faulted
successively downward toward the southwest, or toward the interior of the crater.
A similar repetition of the Lion Ridge flow, caused by these two faults, is seen
on Quter Hill. The Lion Ridge flow is also present on Three OClock Hill where
it is apparently confinuous, under the colluvium in Two OClock Gap, with flow
in the lower fault block on both Outer Hill and on the small knob southwest

of Lion Ridge. The flow pinches out against the Annex Ridge Flow on the east
side of Four OClock Hill.

A basal facies (clb), a reddened flov;_—base zone (clr), and a flo;rv-fop
zone (clz), have been recognized in this unit. The unit is about 150 feet thick
at the head of One OClock Wash; its maximum thickness is probably attained on
Three OClock Hill where it may be as much as 200 feet thick.

An infrusive body in Eight OClock Basin (cie) is pefrographicarlly similar
to the Lion Ridge flow and is correlated with it.

The Lion Ridge flow is resistant to weathering and tends to form blocky,
varnished outcrops. It is responsible for the presence of One OClock Hill,

Lion Ridge, Outer Hill, and Three OClock Hill.

Relationship to other units. In order from south to north, the Lion Ridge

flow overlies the Annex Ridge flow, the tuff and flow of Two OClock Gap, and
Precambrian. rocks. It is overlain in Four OClock wash by the Old Stage Road
Member of the Fort Rock Creek Rhyodacite, and on Lion Ridge by the One

OClock Wash sedimentary breccia.
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The field relationship of the Lion Ridge flow to the Hidden Pasture tuff
and conglomerate is problematical. In the east wall of Noon Gorge, a jumbled
block of Lion Ridge flow rests on Hidden Pasture deposits in a fashion similar to
that of the block of Buffalo Ridge flow across the gorge. No blocks of Lion
Ridge flow were actually observed to be embedded in the Hidden Pasture deposits,
however, as was seen across the gorge. In Hidden Pasture, Hidden Pasture
deposits conspicuously overlie Annex Ridge flow on the southeast side of Four
OClock Hill and appear to overlie the tip of the Lion Ridge flow, although
excavating in this location would be necessary to determine whether this deposit
overlies or underlies the flow. On Outer Hill a distinctive blue-gray hornblende
trachyandesite tuff underlies Lion Ridge flow. This tuff resembles a distinctive
tuff (chh) of the Hidden Pasture unft, although it has been mapped as part of
the basal facies (clb) of the Lion Ridge flow. At the southeastern tip of OQuter
Hill, some blocks of Lion Ridge flow, along with the distinctive basal blue-gray
tuff, overlie Hidden-Pasture-like deposits (cu) but have been interpreted tenta-
tively as a landslide. In summary, the Lion Ridge flow appears to be older than
the Hidden Pasture tuff and conglomerate. Like the Buffalo Ridge flow, it has
been thrust over these deposits in some places by landsliding.

Source. A major vent for the Lion Ridge flow may be located beneath
Three OClock Hill, where the flow is apparently thickest. A second vent
beneath Lion Ridge may have been the source for the northern segment of the
flow, which is geographically higher than and somewhat removed from the
postulated Three OClock Hill vent. A relatively thicker sequence of basal tuff-
breccia (clb) on Outer Hill may indicate the presence of a small vent in that
area, The small plug in Eight OClock Basin (cie) may have also been a source

for this unit.



80

Petrography. The rocks of the Lion Ridge flow are similar to those of
the Buffalo Ridge flow. The basal facies (clb) includes tuff, minor tuff-breccia,
and minor flow-base breccia. The tuff is yellow-buff to pink and is moderately
sorted. On Quter Hill, the basal tuff is blue~gray and moderately well sorted.
The reddened flow-base zone (clr) resembles the overlying part of the flow
(clf) but has a distinctive reddish to lavender color which makes it a useful
mapping unit. The main part of the flow (clf) is dark blue-gray at its base
and has well developed flow c‘leavage. In its middle and upper parts, the flow
is medium to dark gray and massive with varnished surfaces. The base of the
flow is nonvesicular, whereas the middle and upper parts are sparsely vesicular.
Generally, the vesicles are flattened. The flow-top zone (clz) is dark steel
gray on a fresh surface, has microvugs, and shows some microbrecciation.
Largely altered hornblende prisms are present throughout this flow; they are less
altered toward the base and toward the top of the flow.

This flow is a hornblende trachyandesite. It is similar to the Annex
Ridge and Buffalo Ridge hornblende trachyandesites but contains considerably
more pyroxene and also more opaque minerals (Table 2). The hornblende
in this sample has a thick alteration rind consisting of fine-granular opaque
minerals and pyroxene. The cores of the hornblende grains generally are
altered to opaque minerals, pyroxene, feldspar, and biotite. The pattern of
alteration in the core resembles rofted wood. Unlike the hornblende in the
Buffalo Ridge and Annex Ridge flows, the hornblende of the Lion Ridge flow

occurs chiefly as phenocrysts, which range in size up to I/2 cm across.
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Microphenocrysts of hornblende are rare. Augite occurs as small phenocrysts,
generally less than | mm in size, as glomerophenocrysts, and as ground mass
grains. Phenocrysts and glomerophenocrysts of augite make up only about

[-1/2 percent of the rock. These grains are occasionally found as inclusions in
the hornblende. Analysis of the groundmass with the electron microprobe
confirmed the presence of interstitial sanidine and indicates a range in plagio-
clase composition from sodic labradorite to oligoclase. Apatite in this rock
occurs as needles in the ground mass and only very rarely as purplish micro-
phenocrysts of the type found in the Buffalo Ridge and Annex Ridge hornblende
trachyandesites. The texture of the rock is pilofaxitic.

Rock from the intrusive body in Eight OClock Basin (cie) is somewhat
similar to the Lion Ridge flow but contains half again to twice as much horn-
blende (15 percent to 20 percent). The hornblende in this rock is, furi'herm‘ore,
olive green and fresh except for some "worm-hole" core alteration.

Chemical composition. Two modally analyzed samples of the Lion Ridge

flow (Table 3) show recalculated silica to be about 55-1/2 percent, which is
lower than an average of value for the Buffalo Ridge hornblende trachyandesite
(56-1/2 percent) or for the Annex Ridge hornblende trachyandesite (57 percent).
A lower silica content in this flow is reflected in a higher normative color
index, which averages 25-1/2. Potash averages about 3 percent, and normative
potassium feldspar averages 17 pércenf; both are slightly lower than they are in
the Buffalo Ridge and Annex Ridge flows.

The intrusive body (sample NE) is somewhat more basic than any of the
samples of the Lion Ridge flow; it has a recalculated silica content of 54

percent.
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Tuff and Conglomerate of Hidden Pasture

Distribution, stratigraphy, and physical features. The tuff and conglo-

merate of Hidden Pasture crops out in several relatively small areas on the Fort
Rock structure. In Hidden Pasture, up to 75 feet of tuff and conglomerate over-
lies the Annex Ridge flow on the southeast side of Four OClock Hill. Another
outcrop area is in the vicinity of Noon Gorge, where as much as 90 feet of
tuff and conglomerate occupies an ancient valley or hollow in the Precambrian
rock. The deposits in the Noon Gorge area were tilted and faulted during
doming and their upper beds incorporate landslide material which was emplaced
during doming. Two small outcrops of the Hidden Pasture unit are also found

on the east flank of Short Hill.

This unit is poorly resistant to erosion and is generally covered by
colluvium. Where it does crop out, however, it is fairly distinctive. It
consists of tuff, tuffaceous sandstone, and fine~pebble conglomerate. Yellow
and olive-brown tuffs occur at several horizons. The tuffaceous sandstone and
conglomerate are characterized by light gray to light brown overall colors and
multicolored clasts. Two distinctive beds in the unit have been mapped, a
blue-gray hornblende trachyandesite tuff (chh), found in Hidden Pasture and in
the Noon Gorge area, and a fine-pebble conglomerate (chc), found in the
Noon Gorge area.

Relationship to other units. In Hidden Pasture, tuff and conglomerate of

this unit overlie the Annex Ridge flow and(?) Lion Ridge flow and are overlain
by ash-flow tuff of the Fort Rock Creek Rhyodacite. In the Noon Gorge areqa,
Hidden Pasture deposits overlie Precambrian rocks. In the east wall of Noon

Gorge, these deposits are seen to be conformably overlain by the sedimentary
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breccia of One OClock Wash. In most places in the Noon Gorge area, however,
they are in fault confact with either Precambrian rock or overlying landslide
blocks of Buffalo Ridge and Lion Ridge flow.

Source. A unit of undivided Hidden Pasture and Cinder Basin deposits
(cu) has been mapped in a number of scattered locations from the northeast
flank of Annex Ridge to the southeast corner of Outer Hill. Similar deposits
are also found farther east, beyond the area mapped, and appear to be associated
with a large trachybasalt eruptive center located about 3/4 mile east of the
dome. (See fig., 3). Ash from an outcrop on the southeast flank of Outer Hill
and also from an outcrop farther east is petrographically identical to Hidden
Pasture ash. At least some of the Hidden Pasture ash probably originated from
the large trachybasalt center to the east. Some also could be derived from the
Cinder Basin eruptive center to be discussed below.

Petrography. Beds in this unit vary in thickness from millimeters to
several tenths of a meter. Sorting varies from moderate to good; the tuffs are
the best sorted. Two chief petrographic types of ash are present in the tuffs,
one is hornblende trachyandesite, and the other is olivine trachyandesite. The
first type constitutes the hornblende-trachyandesite tuff (chh) and the second
constitutes yellow tuffs which are found at several horizons in the section.
Sandstone and conglomerate in this unit contain mixtures of these two types of
ash and also ash which is petrographically transitional between the two.

Hornblende fmchydndesife tuff (chh). This tuff forms a thin bed (less
than one foot thick) of well sorted blue-gray to blue-green microvesicular ash
which contains abundant euhedral hornblende prisms. In thin section the horn-
blende is greenish brown, which distinguishes it from the brown variety of horn-

blende found in the Annex Ridge, Buffalo Ridge and LionA Ridge flows. Subhedral
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groundmass hornblende granules are also seen. Tiny phenocrysts of clinopyroxene
are present but rare. In addition to hornblende granules the groundmass contains
plagioclase laths, pyroxene prisms, and abundant apatite prisms in a clear, glassy
to cryptocrystalline matrix.

Yellow tuff. This tuff consists of yellow, yellow=brown, and olive-
brown to black, microvesicular ash. In thin section it is seen to contin rare
phenocrysts and microphenocrysts of clinopyroxene and abundant microphenocrysts
of red-brown, altered olivine. The groundmass is yellow-brown, red-~brown, or
occluded glass, which is commonly altered to clay minerals; plagioclase laths are
generally present. This ash is olivine frachyandesite.

Fine-pebble conglomerate (chc). This unit contains rounded, fine
pebbles which weather out to form a characteristic pebbly float. The pebbles
are various colors including light gray to charcoal gray, light brown to red-
brown, and, more rarely, yellow and bluish green. Typically, the pebbles are
microvesicular and devoid of phenocrysts or microphenocrysts. They are composed
of glass, tiny laths of plagioclase and tiny grains of hornblende(?) and/or altered
olivine, The texture of the ash is pilotaxitic. Ash in the matrix of the conglom-
erate includes other petrographic types with abundant olivine and clinopyroxene
microphenocrysts.

Other deposits. The remaining beds in the Hidden Pasture unit are
gray to brownish sandstone and conglomerate. In hand specimen, multicolored
clasts are seen which confain either hornblende, green pyroxene, red-brown
olivine, or any combination of these. Hornblende occurs both as small pheno-
crysts and as microphenocrysts; pyroxene occurs dominantly as phenocrysts,
attaining sizes of several millimeters, but is rare; olivine occurs mostly as

microphenocrysts and generally is abundant.
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All deposits in this unit are cemented by tridymite and potassium
feldspar.

Chemical composition. In Table 3, the samples are hornblende~trachy-

andesite tuff (chh), 166a, olive to yellow tuff, 165, yellow tuff, 286, and a
clast from a conglomerate, 28%l. Silica in these samples, recalculated to
eliminate the large quantities of water and lesser quantities of calcium carbonate
which are present, averages about 56 percent. Potash ranges from | percent to
2 percent and is low compared to potash in all older rocks of the Crater Pasture
Fg;n’";élﬁon. Normative pofassium feldspar contents are correspondingly low;
“nevertheless, all but the sample of yellow tuff, 286, contain more than 10
percent normative pofassium feldspar and are trachyandesites. In the sample of
yellow tuff, 286, and the clast from the conglomerate, 28%al, depletion(?) of
soda and potash relative to silica and alumina may reflect the alteration to
clay minerals seen in these samples. This depletion(?) of soda and potash
results in lower normative albite and orthoclase and higher normative quartz in
these samples relative to other trachyandesites of the Crater Pasture Formation.
A -depletion of soda and lime was seen in the sample of the altered
hornblende trachyandesite dike rock (cis') in the gully at the head of Five
OClock Wash.,

Sedimentary Breccia of One OClock Wash

Distribution and physical features. The sedimentary breccia of One

OClock Wash is a local deposit on the flanks of Fort Rock dome which was
formed during uplift of the dome. It is distributed around three-fourths of the
periphery of the dome in outcrops of varying size and thickness. The most
extensive outcrop is found on the northern flank of the crater where this breccia

crops out confinuously from near Two OClock Gap to Wedge Basin. Thicknesses
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of preserved breccia in this area are estimated -at 75 feet in One OClock
Wash, 200 feet on Noon Hill, and 240 feet on Short Hill. From Wedge Basin
counterclockwise around the crater to Six OClock Wash, the breccia is exposed
chiefly in the walls of the valleys which cut into the flank of the dome. In
Eight OClvock Gorge, it ranges in thickness between a few feet and 200 feet.
In the vicinity of Six Thirty Wash, it is about 60 feet thick.

The One OClock Wash breccia is poorly resistant to weathering; it is
covered by colluvium in almost all places except where it is fnade up of coarse
angular blocks. Where outcrops are seen, they are generally in the banks of
washes or in local places which have been washed clean of colluvium on the
flank of the dome. Cliffrose or "quinine--busl'«:'I grows preferentially on soil
underlain by this breccia (and other clastic units) and is of help in locating

outcrops of this unit. Often it is necessary to dig shallow pits, one to two

@

feet deep, to determine the presence and nature of the breccia. Hundreds of
pits were dug in the hills on the north side of the crater. Float from this unit
consists, in most places, of a mixture of dark volcanic rocks and light-colored,
pink and orange Precambrian rocks.

Relationship to other units. The One OClock Wash sedimentary breccia

overlies the Hidden Pasture tuff and conglomerate in Noon Gorge, the Lion
Ridge flow and the tuff and flow of Two OClock Gap on Lion Ridge, the

Buffalo Ridge flow on Noon Hi||7, Ten OClock Hill, Nine OClock Hill, Eight
OClock Hill, and Buffalo Ridge, the Annex Ridge flow in Six OClock Wash and
vicinity, and Preccmb.rian rocks in Noon Gorge, on Short Hill, and in Wedge
Basin. It is overlain by the tuff and agglomerate of Cinder Basin in Six OClock
Wash and in a number of nearby places to the west. Throughout most of its area
of outcrop, it is overlain by the Noon Gorge sedimentary breccia of the Fort

Rock Creek Rhyodqci‘fe and locally by the Old Stage Road Member of the Fort
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Rock Creek Rhyodacite.

The contact of the One OClock Wash sedimentary breccia with the
underlying Hidden Pasture tuff and conglomerate can be readily studied in the
east wall of Noon Gorge by digging shallow pits. The contfact appears to be
gradational over a narrow inferval. Ash contfent diminishes upward, and clasts
of recognizable flow rock, which are the chief constituent of the breccia,
increase. The gradation fakes place over an interval of about 50 feet on the
ground. There is some alternation of ash-rich and clast-rich lithology within
this interval.

Near its contact with underlying volca